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MAKING TRANSURANIC ASSAY MEASUREMENTS USING MODERN CONTROLLERS*

T.H. Kuckertz, J.T. Caldwell, P.A. Medvick
W.E. Kunz, and R.D. Hastings

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Abskract

This paper describes methodology and computer-
controlled instrumentation developed at the Los
Alamos National Laboratory that accurately
performs nondestructive assays of large
containers bearing transuranic wastes and
nonradioactive matrix materials. These assay
systems can measure fissile isotopes with l-mg
sensitivity and spontaneous neutron-emitting
isotopes at a 10-mg sensitivity. The assays are
performed by neutron interrogation, detection,
and counting in a custom assay chamber. An
International Business Machines Personal Compukter
(IBM-PC} is used to control the CAMAC-based
instrumentation system that acquires the assay
data.

1. Introduction

This paper describes methodology and computer-
controlled instrumentation developed at the Los
Alamos Mational Laboratory that accurately
performs nondestructive assaysl~4 of

containers bearing Eransuranic wastes and
nopradiocactive matrix materials. Transuranic
waste is defined in United States Department of
Energy (DOE) Order 5820.2 and consists primarily
of long-lived (half lives greater than 20 y)
isotopes of uranium, plutonium, and other
elements with atamic numbers greater than 92.
With suitable calibrations, the assay systems
described herein can measure Fissile isotopes
with l-mg sensitivity and spontaneous
nedtron-emitting isotopes at a 1l0-mg sensitivity.
The assays are performed by meutron detection
and counting and are accurate in the presence of
substantial backgrounds generated by alpha-
emitting sources and substantial quantities of
neukron—absorbing-and-moderating matrices.

These systems are primarily used for the assay
of containers bearing plutonium-contaminated
waste. United States DOE disposal regulations
provide for waste having an activity level less
than 100 nCi/g to be buried as low-level waste.
Contalners with an activity level greater than
100 nCi/g are to be treated as transuranic waste
and held in retrievable storage.

2. General Schema:"

Assay systems have been built for 208-1 barrels
and 3-m3 crates.t=4 A 208-1 assay system is
shown in Figure 1. The system consists of a
graphite innecr liner that is 10-cm thick and an
outer liner of polyethylene that is 25-cm thick,
both of which are held together by aluminum
structural members. These materials were chosen
to provide the optimum time and enerqgy response
to neutrons Aetected by 3He proportional

-3 0~

NEUTRON
GENERATOR

E TUBES
GRAPHITE AOTATING BAR
POLYETHYLENE PLATFORM CADMIUM SHIELDED
TUBES .

"Fig. 1

counters that are present in all sides and in
the top and botitom of each assay chamber.

Two different measurements are made in the assay
systems., A pulsed neutron generator is used to
interrogate a sample during an active assay.

The time history of the resulting hard-fission
spectrum is integrated along with the time
history of the interrogating neutren flux to
produce a measure of the mass of any fissile
isotopes in the sample. The interrcgation also
produces a measure of absorbers in the matrix.
During a passive assay, neuktron counting and
neutron—-coincidence counting are used to measure
the mass of spontaneous neutron-emitting
isotopes. Various count statistics are used to
eliminate the effects of alpha emitters,
moderators, and absorbers in the matrix.

3. Logic Pesign and Instrumentation

A block diagram of the neutrcon ccunting
instrumentation and the counting signals
produced therein is shown in Figure 2. Four
types of e proportional counters are shown.
The set of cadmium-shielded detectors measures
the fission spectrum neutrons and the set of
unshielded detectors boosts the efficiency of
the total detector system during passive
assays. A low-pressure unshielded 3He
detector measures the interrogating neutron flux
during active assays. Also used during active
assays is a collimated 3He proportional
counter, whose function is to determine flux
inside the assay container. buring active
assays the pulse generator drives the neutron
generator to produce 14-MeV neutron pulses of
10% neutrons each. The shielded detectors,
flux monitor, and barrel-flux monitor measure

*Work performed under the auspices of the US
Department of Energy, Joint Integration Office.
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quantities of interest for determining the
fissile mass. During passive assays, neutrons
in the cavity are counted by both the shielded
and bare detectors. Data acquired by these
detectors are used to determine masses of
spontaneous neutron-emitting isotopes.

Figure 3 shows a typical, averaged, time history
of epithermal neutrons detected by the shielded
.detector system. At early times, those neutrons
detected can be atkributed to the pulsed neutron
generator. This is denoted by the sharp rise
and fall of the curve shown in Figure 3. As the
neutrons produced by the neutron generator
bécome thermalized, the muclei of fissile
isotopes capture these neutrons and fission.
Any-such fission will produce neutrons, which
are designated by the area A, The area A gets
larger as the amount of fissile material in the
cavity increases. The neutron population in the
cavity will eventually die away to a background
level designated by area B in the curve. This
background level results from cosmic rays,
spontaneous fission neutron emitters, and (a,n)
-sources in the drum, and, In general, is
indicative of source size. Figure 4 shows a
typical, averaged, time history of the
interrogating fiux in the assay chamber as
measured by the £flux monitor. Area € In Figure
4 represents the interrogating filux during the
time when induced fissions are occurring in any
fissile material in the assay chamber. In
general, the amount of fissile material in the
cavity is proportional to (A - B)/C.

TYPICAL SHIELDED NEUTRON
TIME HISTORY

£ ,
]
8
i
1
i
]
|
|
1 A i
s | ,
0 TIME (ms) 100
Fig. 3
TYPICAL FLUX MONITOR
TIME HISTORY
= 1
8 |
|
! ]
l ¢ |
| [l
3 [l
I ]
i }
g TIME (ms) 104

Fig. 4

The presence of neutron moderators and absorbers
in the assay chamber complicates any
measurement,.? A second flux monitor, called
the barrel-flux monitor, is shielded and
collimated such that most of what it observes
originates inside the container being assayed.
The time histories observed by this detecktor
have the same shape as those shown in Figure 4;
however, as the amount of absorber in the assay
chamber increases, the quantities of neutrons
observed by this secocnd flux monitor decreases.
Thus, the ratio of the barrel-flux-monitor area
Cg to the flux-monitor area Cp gives a

measure of absorber effects for which the
calibration with known sources can canpensate,

Moderator effects are a function of the absorber
index and the system-and-shielded-totals rates
taken during passive assays. Both the absorber
and moderator indices along with the calibration
are unique to a particular assay chamber.




caldwell et al.l detail how this information
was determined for a drum assay system.

Initial versions of the assay system used a
LeCroy 3500 as the system control computer.
More recent versions use an International
Business Machines Personal Computer (IBM-PC) as
the control camputer. In addition to a
substantial reduction in cost from $15000 to
$5000 per control computer, numerous other
advantages accrue from the use of the IBM-PC.
Some of these are: standard CAMAC modules can
be used, data storage medium is compatible with
many off-line computer systems, and system
control functions are performed noticeably
faster, A block diagram of the computer system
with CAMAC interface is shown in Figure 5.

18M PC CONTROLLER
OF WASTE ASSAY SYSTEM

G20 K
MEMORAY

CAMAC
CRATE DISPLAY
PROCESSCA

INTEL
GPIB CRATE 3083 R Bass
CONTROLLER
8 FLOPPY DISK [**(k1 0ppy
DISK FLOPPY
PC2A GPIB CONTROLLER . DisK
INTERFACE
1 PRINTER
Fig. 5

A block diagram of the data acquisition and
control system for active assays is shown in
Figure 6, A single CAMAC crate is controlled
via a National Instruments PC2A to GPIB inter—
face and a LeCroy 8901A GPIB interface to Type U
crate controller. LeCroy 2323 programmable gate
generators are used to generate the integration
gates for the shielded totals, the flux monitor
and the barrel-flux monitor. The integrals
assoclated with areas A, B, and C in Figures 2
and 3 are accumulated in Kinetic Systems 3610
hex scalers under control of these gates.

ACTIVE DATA ACQUISITION
SHIELDED TOTALS

fLux soniTon_§ MEX
UX HORITOR |

SCALER

D1 | eARREL FLu |
GATE MONITOR
GEMERATAOR] SIGHAL GATE

LeCROY

WHHIBST
18M PC
cauag f—{ 9%
SHIELDED TRTALS chate k=] FEAT
HEX OR
Lcroy | FLUXMONITOR 3 in PCIAT
132 PARRELFLUR |
GAlE MONITOR
GEHERATOR| BACKGROUND
AT IRHIBST
PULSE HEUTRON
GENERATOA b GEHEAATOR N
LT, ' - wFAOLLER

Fig. 6
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The LeCroy 2323 gate generators are driven by
the same pulse generator, which fires the
neutron generator. Thus, average integrals are
accumulated in pact each time the pulse
generator is fired., Typically 2000 pulses are
required to assay a barrel and 5000 pulses are
required to assay a crate. The integrals are
read directly into the IBM-PC for further
processing.

Spontanecus fission neutron-emitting isotopes
produce neutrons at a rate proportional to mass
of any such isotope. Because each fission
prcduces on the average more than one neutron,
the neutrons produced by fission are clustered.
The neutrons produced by an (o,n) source appear
randomly and not in groups. To separate the
effects of (a,n) sources from spontaneous
neutron-emitting sources, net coincidence rates
must be measured accurately. A block diagram
of signal-processing electronics for acquiring
data during passive assays is shown in

Fiqure 7. The shielded totals ahd system totals
are used to drive coincidence gate generators.
The coincidence gates so generated are typically
delayed 2 to 5 us and have lengths of 35 us and
250 ps for shielded totals and system totals,
respectively. If the time that the coincidence
gates are active is typically less than 10% of
the entire count time, the first neutron in a
group will open the gate and the remainder of
neutrons in the group will occur during the open
gate and be counted in gated scalers {Standard
Engineering S-450). Coincidence rates
proportional to spontanecus neutron-emitting
masses are determined in this fashion.
Additionally, system-gate counts and accurate
clocks are used to determine accurate gate
lengths. LeCroy 2551 l2-channel/scalers perform
both this counting and diagnostic counting for
monitoring each detector module, We process the
systems totals coincidence data (detector
efficiency = 12.5%, dicaway time = 100 ps) and
the shieided totals data (detector efficiency =
2.8%, dieaway time = 20 us) separately. The
latter is used for high sensitivity assays of
low source drums and the former for more
accurate assays of high {a,n) source drums.

PASSIVE DATA ACQUISITION

r 12 CHAHHEL
CO INCIDENCE SCALER
SHIELOED CATE sHrav
TOTALS GEWERATOR i
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4. Software

A complex software (180K bytes) code called NEUT
has been produced to perform a dialogue with the
operator, validate input data, archive collected
data, perfomm active assays, perform passive
assays, and generate a production report with
the assay quantities in engineering units.
Subsections of NEUT are the ANEUT and PNEUT
subroutines, which perform the control, data
acquisition, and raw data archival functions of
‘the active assays and passive assays
respectively. ANEUT and PNEUT were separate
programs, which were used to perform the data
acquisition for active assays and passive
assays, respectively, in the LeCroy 3500
versions of the assay system. Their frequent
usage consumed considerable disk-access time on
the LeCroy 3500. The NEUT code and the data
acquisition and control electronics were written
and designed such that they can be used in a
production envirorment with minimally skilled
cperators.

The NEUT code will run on any hardware
configuration of an IBM-PC computer that
contains at least 256K bytes of memory and a
National Instruments PC2p GPIB interface. NEUT
is menu driven with extensive on~line operator
instructions and input data checking. NEUP will
run from either a diskette system or a hard
disk. All data collected either from operator
input or from the data—acquisition electronics
is saved in an indexed file called DBAS. fThe
logical unit of data storage is the run, which
consists of three parts, each of which pertain
to the assay of a container: (1) identifying
information that is entered by the operator; (2)
raw data acquired during an active and passive
assay; and (3) processed information such as the
activity level. NEUT has the capability of
using the raw data found in DBAS and
recalculating the prooessed data quantities,
This feature is useful for testing improved
data-processing algorithms for computing assay
quantities without having to reassay containers.

When NEUT is run, the operator is presented with
twelve options that can be selected to perform
assays. A list follows:

Initial configuration ‘

Display data saved in summary data base
Assay in standalone mode

Assay in remote computer mode
Retrieve data in remote computer mode
Initialize summary data base

Acquire passive background
Recalculate assay from raw data

Send summary data to remote computer
ANEUT standalone mode

PNEUT standalone mode

Exit to MS-DOS

Several of the options allow the cperator to set
the environment for assays. The "Initial
configuration" is used to change the counting
time of passive assays (nommally 200 s) and to
specify the type (diagnostic, production, or
none} of report produced on the printer for each
assay. - Por accurate results, any passive data

acquired are corrected to account for background
levels of neutron radiation. The "Acquire
passive background" option performs a passive
assay on an empty container. The background so
acquired is used for correcting passive assays
of containers of unknown contents. One such
background acquisition is performed for every
100 assays.

A single diskette {5-1/4 inch, double-density,
double-sided) can contain a bootable operating
system (MS-DOS), the code NEUT, and a file; DBAS
large .enough to contain 100 assays. NEUT can be
viewed as running from a single isolated
diskette, which can contain as many as 100 _
assays or its logical equivalent (a separate
directory) on a hard disk. The "Initialize
summary data base™ option allows the ogperator to
set up an empty DBAS file., If such a file
already exists, NEUT informs the operator of
this fact and indicates which runs in the data
base have not been used; the operator can then
use the existing data base or continue the
initialization after being warned of the
consequences of overwriting an existing data
base. If initialization proceeds, the operator
must provide an eight-character volume serial
number, which uniquely identifies the data base
being created. NEUT then creates the data base
with 100 dummy runs, which are replaced with
real assays as containers are assayed. The size
of DBAS is approximately 40000 bytes. NEUT will
not allow more than 100 assays in a data base
and will not permit the operator to accidently
overwrite a previously compieted assay.

Two of the cptions are used to actually perform
the assay, the "Assay in standalone mode" and
the “Assay in remote computer mode". Once the
"Assay in standalone mode" is selected, an
operator dialogue is entered, wherein the
following information is collected and verified:
(1) run number {1 to 100); (2) primary
identification (15 ASCII characters); (3)
secondary identification (12 ASCII characters);
(4) content code (10 ASCII characters); (5)
container weight (kg); and {6) plutonium
isotopics., After verifying the input data, NEUT
instructs the operator to fire the neutron
generator to start an active assay. A passive
assay starts automatically when the active assay
is finished. When the passive assay is
finished, NEUT processes the raw data, archives
both raw and processed data, and prints a report
of the assay results, Assays of more containers
can proceed until 100 assays have been
completed. The remote computer mode allows a
remote computer {via an EIA-RS232C serial
interface) to perform the cperator dialogue and
otherwise to control program NEUT. This is a
full handshake mode, wherein processed data is
transferred to the remote computer,

Three cptions are used to examine processed data
Erom previously performed assays., The "Display
data saved in summary data base" will print a
report of processed data on the printer. The
"Retrieve data in remote computer mode" permits
the remote computer bto acquire previously
processed data. Thus, if the remote computer
system is not available, assaying can proceed in



the "Assay in standalone mode;" and, when the
remote computer becomes available, the assay
data can be retrieved without repeating any
assays. The "Send data to remote computer”
dumps all data in the data base to the EIA
RS5-232C serial interface with no handshake from
the remote computer. This mode is useful for
transferring data to a remote comuter in
instances where control of NEUT by the remote
carputer is not desired.

Three diagnostic options are alsc available.
These are for collecting, examining, .and
analyzing specizlized raw data. Such diagnos-
tics permit the development and improvement of
data-processing algorithms and the isolation of
faults in both the hardware and software. The
"Recalculate assay from raw data" performs all
the assay computations and data archiving that
an actual assay does except that the raw daka
comes from the data base rather than from the
assay chamber. This feature is used to test new
algorithms on old data. Both the ANEUT and
PNEUT standalone modes are used to perform a
succession of either active or passive assays
and produce a diagnostic report of raw data
quantities. The data so acquired can identify
system faults and verify the effect of changes
in data acguisition hardware and software.

A typical assay sequence consists of the
following steps in the order listed:

Injtial configuration
Initialize summary data base
Acquire passive background
Assay in standalcne mode
1st run is of known 232Cf sources
Up to 99 runs of unknown containers
Exit to MS-DOS

Once the assaying of containers is started, the
procedure need not be continuous. The computer
can be powered off and on many times and
assaying would continue at the next container to
ba assayed. If enough time has elapsed that the
background may have changed, a new data base
should be initialized on another diskette before
additional assays are made.

5. Case Example

To date, three assay systems have been installed
with the IBM-PC based control equipment
described in this paper: a mobile unitb, a
unit at the Rocky Flats Plant in Golden,
Colorado, and one in Idaho., Once a system had
been set up at the Idaho National Engineering
Laboratory (INEL), assay data was produced at a
rate faster than could be analyzed by hand. A
popular spread sheet (LOTUS 123) was used to
keep track of the voluminous data from the INEL
installation. A special code (IBM2LOT) was
written to convert data in the DBAS files to
LOTUS format and keep track of the volume serial
numbers of each DBAS file, Approximately 5000
barrels have been assayed and analyzed at this
time. Both skilled and unskilled operators have
pecformed the assays. Very little if &ny, data
has been lost due to improper operator

technique. Additional software has been written
that permits use of a Lotus 123 spread sheet as
an analysis tool for the relatively large
amounts of assay data. Lotus 123 has been used
not only to verify and refine the calibrations
of the assay systems using the data collected by
both LeCroy 3500 and IBM-PC systems from these
5000 barrels, but also to sort difficult assay
cases for more sophisticated analyses.

6. Conclusion

The assay system described herein can measure
fissile masses as low as l-mg 23%y and
spontaneous neutron-emitting masses as low as
10-mg 240pu, This sensitivity can be achieved
with substantial quantities of absorber and
moderator in the matrix and in the presence of
strong alpha-emitting sources. The control-and-
data-acquisition system consists of a simple and
inexpensive computer system that is a de facto
standard in the United States. 1In addition, the
system archives the assay data for later
retrieval and analysis, Furthermore, operation
of the assay system does not require highly
skilled operators.
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TRU WASTE ATTRIBUTE MEASUREMENTS USING A COMBINED
PASSIVE AND ACTIVE NEUTRON ASSAY SYSTEM

John T. Caldwell

This write-up provides students a brief, self-contained description of a
waste assay technique that uses passive and active neutron counting. It
includes the theory behind making assay measurements, a description of how
the hardware functions, and provides practical operating instructions.

I. THEORY OF ASSAY
The Los Alamos Assay System (LAAS) is designed to provide a¢curate and

sensitive assays for transuranic (TRU) isotopes in large containers of waste.
HoWever, because of the wide variability and heterogeneity éommon in nuclear
waste, such assays are often attribute measuréments. The definition of TRU
literally is "beyond uranium.” What is usually meant by "TRU isotopes,”
however, is any long-lived alpha-particle emitter that is found in hazardous
amounts~-at least this is the way it is used in the TRU waste business.
Commonly, the TRU isotopes of concern are those of plutonium and
americium. In some wastes arising from special programs, one can also find
significant amounts of other long-lived alpha particle emitters such as ***u
235U.

In all cases, we can divide the TRU‘isotOpes into three categories.

Catagory 1. Those isotopes that can be fissioned with thermal neutrons
(i.e., neutrons whaose kinetic energy = 0.025 eV); *>®Pu is a principal example.

' Cateqory 2. Those isotopes that don't fission when bombarded with

thermal neutrons, but do fission spontaneously at a rate that can be meésured:
240

and

the most important example of this category is Pu, which is found in almost

all plutonium waste.




Category (3). Alpha-emitting isotopes that don't fission at a measurable
rate either spontaneously or with thermal neutrons but that do produce a
random flux of neutrons through the (a,n) reactions with the matrix; the most

2681
Am.

common matrix is
The LAAS is a neutron assay system developed at Los Alamos. It is
actually two assay systems built in one housing that can perform both the
péssive and active neutron measurements, thus providing information about all
three categories of TRU isotopes. The active measurement determines the

239p 241Pu' ZSSU) are

amount of Category 1 isotopes. These isotopes (e.q., U,
also called fissile isotopes, because thermal neutrons cause them to fission.

The passive neutron measurement determines the amounts of both the -
Category 2 and 3 isotopes. Spdntaneous fission (Category 2) isotopes produce
bursts of neutrons at an average rate of 2 to 3 neutrons per fission. On the
other hand, Category 3 isotopes don't emit fission neutrons, but they do produce
neutrons by the action of alpha particles interacting with matrix materials such
as oxygen. These “alpha-neutron,” or simply (a,n) events are very different in
nature from the spontaneous fission neutrons. The (a,n) neutrons are produced
randomly, one at a time, rather than in multiples. If one then does a "time
correlation” (also célled neutron time coincidence or simply neutron
coincidence) measurement of the passive neutrons, oné can separaté out the
time-correlated emissions from random emissions and thus arrive at values for

each of the two categories of passive-neutron-emitting TRU isotopes.

TABLE I

ATTRIBUTE MEASUREMENTS IN WASTE USING NEUTRONS

Category Attribute Typical isotopes Measurement Techniques
1 Fissile 238pyy, 235 Neutron interrogation,
differential dieaway
2 Spontaneous 240pPy Passive neutrons,
fission time correlated
3 Nonfission (a,n) Passive neutrons,
(alpha reactions) random emission




1. OVERVIEW OF SYSTEM OPERATION

In this section, we will discuss briefly the LAAS and its operation. The LLAAS
consists of four major subsystems. '

1. The assay chamber, which includes the graphite and polyethylene
neutron moderating materials, the *He proportional counters that are located in
the assay chamber walls, the polyethylene and borated polyethylene shielding
materials, the barrel rotation assembly, etc.

2. The counting and digital electronics (preamps are located in the assay
chamber walls, amplifiers, and all digital electronics are located at the control
console). ' '

5. The data acquisition system including peripherals, which is located at
the control console. A _

4. The neutron generator and its supporting equipment. The "head” of
the neutron generator unit is locatedrin the assay chamber; part of the support
equipment resides on top of the assay chamber, and the rest, including controls,
is at the contro! console.

_ The LAAS has been designed to perform both passive and active assay
measurements with high counting efficiency and with good sensitivity. A
complete assay consists of an active measurement and a passive measurement.
in sequence. First, a barrel is loaded into the assay chamber and the barrel
rotation unit is started. (A waste craté is loaded for the crate size systems.)
The active measurement is started by turning on the neutron generator control
unit and the power supplies, The operating program, catled SNEUT, is readied
and the data-taking sequence initiated. (We will discuss the details of
performing these operations in Section 1V.) '

After the active count is completed (in usually less than 1 minute),
SNEUT automatically starts the passive run. The operator can vary the length
of the passive run by how he sets up the program during the initial _
SNEUT/operator interaction. Typical count times will be about 400 seconds for
the barrel counter units and 1000 seconds for the large crate units.

After the passive run is compiel:ed. the data will be recorded _
automatically on a floppy disk. At the same time, a summary of the fully
analyzed results from both the passive and active measurements will be
printed. In a functioning installation, the operator can transfer these results to
the facility data management system via the automatic data transmittal that is




available with the LAAS LeCroy 3500 data acquisition system. The operator
will now have in his possession the analyzed record indicating whether the
barrel (or crate) is non-TRU (less than 100 nCi/qg) or TRU (greater than 100
nCi/g). Note that this constitutes an attribute determination. The operator
v\;ill also have information as to whether or not the barrel (or crate) has passed
the WIPP waste acceptance criteria (WAC) for criticality safety and heat
generation. This assay will ensure that or;ly bonafide TRU is sent to WIPP (i.e.,
only waste that is more than 100 nCi/q).

TABLE II

SFLECTED WIPP ACCEPTANCE CRITERIA

Fissile content less than 200 g (55~-gal drum)

plutontum equivalent
Total TRU isotope inventory greater than 100 nCl/g
Thermal power less than 0.1 W/ft?

The operator now can remove the barrel (or crate) from the assay
chamber, take whatever action is appropriate, and load in another barrel (or
crate) for assay. '

[II. DESCRIPTION OF HARDWARE

The LAAS 55-gal barrel-size assay chambers have a sliding door that -
opens either vertically (Fig. 1) or horizontally (Fig. 2). The preamps are located
in accessible positions in the side walls and in the top and bottom. Figures 3a
and 3b show cross sections through the assay chamber and the configuration of
graphite, polyethylene, and detectors. The cadmium-shielded tubes are used
for the active measurements, and both the bare and cadfn'mm-shielded tubes
are used for the passive measurements.

Figure 3b shows the cross section through the vertical tubes. As can be
seen, each side of the system has one shielded package of *He detectors (three
tubes'each). There are also individual shielded packages for the top and bottom
of the system, for a total of six shielded packages. Each of these is serviced by
a single preamp, amplifier, and discriminator. The same is done with each




Fig. 1.
LAAS 55-gal. drum size
system with vertical sliding
door. Two of these assay
systems were implemented
late in 1984--one at the
Stored Waste Examination
Pilot Plant (SWEPP) at the
Idaho National Engineering
Laboratory in Idaho Falls,
Idaho and one at Savannah
River Plant in Aiken, South
Carolina.

Fig. 2.
LLAAS 55~-gal..
drum size
system under
construction.
This unit will
have a
horizontal
sliding door
and a semi-
automatic drum-
loading system.
1t is scheduled
for implementa-
tion at Hanford
early in 1985.
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A typical disposition of SHe proportional counters, neutron generator, and
materials in a 55-gal. size LAAS. There are two types of detection
packages: cadmiurmn shielded (active) and bare (passive).

of the "bare” tube packages (four tubes in each bare package). In addition (see
Fig. 4), each of the two fl'ux'mdnitors has a separate counting electroni'c-s n
channel. Thus, there are 14 separate sets of preamps, amplifiers, and '
discriminators for each assay system. _ s

It is important to remember that each sat of three or four proportlonal
counters is monitored separately and the counts from each set can be printed
out. Thus, if electrical problems are affecting the system, it is quite easy to
isolate the problem if it is due to malfunction of a single tube, preamp, or
amplifier. Figure 5 shows an example of the routine printout obtained dufing a




Fig. 4
Details of the typical
disposition of the two flux
monitors within a LAAS.
The “cavity” flux monitor is
at the top center of the
assay chamber, and the
collimated "barrel!® flux
monitor is in the left side
corner. Also shown is the
neutron generator head unit
in the right side corner.

passive neutron run, illustrating the individual sets. If one of the sets is
malfunctioning, the effect on count rate for a standard source or background
will be apparent in this printout.

Figure 6 shows the control console electronics. In the racks on the left
side 9f the photograph, one can see the amplifier, discriminator units, and logic
pulse-conditioning unifs.* |

The basic approach in the passive assay system is as follows: two
independent passive systems are being used. The primary one consists of all the
*He counters in the entire assay system (43 in the latest version of the barrel

system, 66 for the Rocky Flats crate systern) summed to provide what we call
the system “totals” signal. The various logic and gate units provide the time
correlation analysis mentioned in an earlier sect_ion.

*For anyone interested, there is available a more detailed description of the

electronics.




PNEUT OF 11-11-84--EG & & IDAHO

RUN 14 DRUM 743-1696  13:47:31 11/20/93

GATE CORRECTION FACTORS 1.001480 (70 USEC GATES)  ,991460 (250 USEC GATES)
FOLLOWING. DATA HAS BEEN KACKGROUND CORRECTED BY BACKGROU 13159142 11/19/93 RUN

COUNTING TIME IS 4235.1&6 SECONDS

DETECTCR COUNT RATE DETECTOR COUNT | RATE
BARE DOOR 300 2818. 6.43 SHLD DOOR 501 497 . 1.17
BARE RGHT 502 2929, 6.89 SHLI' RGHT 503 X 1.26
BARE BACK 504 2591. 6.09 SHLD! BACK 505 4B81. 1.13
BARE LEFT 304 2813. b.b2 SHLD LEFT 507 5469, 1.34
BARE TOP 508 1249, 2,94 SHLD TOF . 509 . 223, + 92
BARE BOTH 1245, 2,93 SHLB BOTH 511 301, YS!
FLUX MONITOR ~14. =03 2ND FLUX HONI : 18, . + 04
SYSTEM TOTALS RATE 38,23 - SHIELDEDR TOTALS RATE. . - &.13 (FROH PARTS)
NEUTRON EQINCIDENCE o . S
SHIELDED TOTALS ' 46064/~ " &7 .87
SYSTEH TOTALS 25554.4/- . 159.84
15T N 250 USEC GATES 24685, '
1ST B 70 USEC GATES ’ 4557,
RANDIOM 70 USEC GATES 4251629,
RANDOH 250 USELC GATES 425143,
15T N GATED 70 USEC TOTALS 48.
RANDOM GATED 70 USEC TOTALS 3238.
15T N GATED' 250 USEC TOTALS : 862,
RANDOH GATEI' 250 USEC TBTALS 6405,

RANDOM COINCIDENT NEUTKONS/250 USEC GATE l.14936€—01 .
RANDOM COINCIDENT NEUTRONS/70 USEC GATE  .74743E-03

2530 USEC GATE LIVE TIME 418.94 SEC

70 USEC GATE LIVE TIHE 424,83 SEC

NET COINCIDENT NEUTRONS/250 USEC GATE . 19984E-014/-  .12041E-02
NET COINCIDENT NEUTRONS/70 USEC GATE  ,9765BE-02+/~  ,15204E-02

SYSTEH TOTALS RATE 38.228 /- L43%11
SHIELIEL TOTALS RATE 46,1294 +/- 419117

NET COINCIDENT 250 USEC GATE NEUTRONS/LIVE TINE  .55471E-01#/-  .B9168£-01
NET COINCIDENT 70 USEC GATE NEUTRONS/LIVE TINE -.1948BE-02%/-  .22B17E-01

REDUCER VARIANCE

Y= J11797E-01 A= .51495E-05

PASSIVE HASS FROM COINCIDENCE COUNTING
USING 70 USEC GATE  -,49221E-01 GRAMS
USING 250 USEC GATE +10086 GRAHS
USING RED VAR 0 1.4009 GRANS
SELECTED BY COUNT RATE +10084 GRAHS

Fig. 5 _
The initial portion of the SNEUT passive "long” printout showing the detailed
bare and shielded package count rates. The basic passive coincidence
information is also showr).




Fig. 6
A typical LAAS console slectronics set up. In most
current installations, the complex array of cables has
been enclosed so as to minimize accidental
disconnections.

The secondary passive system utilizes only the shielded totals signal that
functions during the passive measurement as a secondary signal that is used for
very high count rate situations when the primary system suffers from dead time
and accidental coincidence effects that render it unreliable. In such situations,
the less efficient shislded totals signal is actually more reliable. For the more
usual low. or moderate count rate situations, the system totals signal provides
the most sensitive and accurate data. During the active measurements, only
the shielded counts are used.

In the far right of Fig. 6, the neutron generator contfoller unit is shown
with its monitoring scope and two high-voltage power supplies. The
pulse-forming network chassis resides on top of the assay system and the
Zetatron 14-MeV neutron tube and transformer housing reside inside the assay
chamber.

There are several controls on the controller chassis; however, only a few
are involved with routine operation. As a general simple rule to follow, turn on
the equipment in the sequence top to bottom (i.e., turn the oscilloscope on first,




the controller chassis second, the source high-voltage power supply (HVPS)

next, and the target HVPS last). The reverse order should be foliowed to power

down. About a 5-minute warmup time is required to first power up. If all

voltages are properly set (a detailed setup'and checkout procedure will be

provided separately), a typical operation starts, after adequate warmup, with

the RUN/SOURCE ONLY toggle switch in the SOURCE ONLY pbsition. Then |
press the START SEQUENCE BUTTON. When the system is ready to produce

neutrons, a characteristic 'sco'p'e tract will appeér on the oscilloscope screen.
This characteristic wave form for the generatof tube ion source is called “the |
strike.” Move the toggle sw1tch to the run pos1t10n to generate neutrons. After

the data-taking run is completed retum the toggle switch to the SOURCE

ONLY position. ' -

IV. ASSAY PROCEDURE

This section will describe a step-by-step procedure for performing an
assay using the LAAS. The opei-ator will direct the entire assay from the
system console using an operating program called SNEUT. SNEUT-—and all the
other software required to carry out assays--resides on a data floppy disk. Up
to 25 records of combined passive and active assays can be written on that
disk. A passive background run is also required for each disk. Let us go through
this initial setup stage, including the background run.

Step 1. Insert a properly formatted disk containing SNEUT and
supporting software into the A disk drive.

Step 2.  Simultaneously press the HERE IS and RESET keys. The mienu
should appear on screen with the caret (>) on the BOOT DISK SYSTEM line.

Step 3. Press the START key. This will cause --D0S 3500 VERSION
4,0--A> to appear on the screen.

Step 4. Type in the five letters SNEUT, then press the RETURN key.
This causes SNEUT to be read from the disk. From this point on, SNEUT
operation is interactive; the operator chooses from option lists or answers
questions. The main menu for SNEUT should now be on the screen.

Stap 5. Select the option on the list by typing ST and pressing the
RETURN key. You have selected INITIAL CONFIGURATION, which shows you
the current list of setup and output options. You can modify these as required

for your assay conditions.
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Step 5a. Normally, the routine selections are:
Print option = SH (short printout)
Active assay = YE (YE = Yes)
Passive assay = YE
Passive background correction = YE
Passive count time = 400 seconds (drum system) or 1000 seconds {crate system)

Step 5b. To change an option, type the indicated letters. (For
example, type.PC 'and press RETURN to change the passive count time. When
SNEUT requests Ehe count time, type 400, 1000, or whatever count time you
wish and press RETURN). After each change in these options, the current set is
displayed. When you are satisfied with the current set, type NO and press
RETURN . Thfs will return yod to the main menu.

Step 5c. ‘As stated above, each disk must have a passive
background run recorded. To do this, type PB and press RETURN. You will be
asked to verify that ﬁhe assay chamber is erhpty. ‘It is important to do this,
because having an accurate background is crucial to all assays. Once you
answer YES to this question, the passive background starts automatically and
runs for the length of time you previously selected for the passive count time.

Step 6. The main menu returns to the screen after the background run
terminates. You have now finished the setup portion for a single disk. Up to 25
data runs can now be adquired with the much simpler procedure described
below. To take data, type AS and press RETURN. This éelgc;s the “assay in
stand-alone™ maode. _ ,

Step 7. Now SNEUT asks a seriés of questions relating to the assay data
runs.

Step 7a.  The first question is RUN NUMBER? The run numbers
should all follow in sequence. A total of 25 can be put on each disk. The first
drum (or crate) to be assayed should have run number 1.

Step 7b. ENTER PRIMARY IDENTIFICATION. You can enter up
to 15 characters of identification. This should include at least the basic drum
(or crate) identification number.

Step 7c. ENTER SECONDARY IDENTIFICATION. You again
enter up to 15 characters to use for additional identification, such as building of
origin or date of waste packaging.

11




Step 7d. ENTER CONTENT CODE. Many sites, such as Rocky
Flats and Idaho National Engineering Laboratory, have detailed numerical waste
content codes associated with combustible wastes, miscellaneous metals waste,
etc. This is the place to enter such information. Enter only the three-digit
content code number, as this number may be used in the assay algorithm.

Step 7e. ENTER CONTAINER WEIGHT IN KG. It is important to
obtain the container weight before the assay so that it can be entered here for
permanent records and for possible use in the assay algorithm. Be careful to
enter only a numerical value for the weight.

Step 7f. IS THE CDNTAINER INFORMATION CORRECT? Your
respanses to the previous five questmns are dlsplayed for you to check and to
correct if necessary. Then answer YES.

Step B.  After you answer YES to the last question, SNEUT moves on to
the active assay. It diépiays the active assay setup information on the screen
and instructs the operator to FIRE 2000 NEUTRON GENERATOR PULSES (or
5000, or whatever you eni:ered).

Step Ba. As mentioned in Section 1V, there are four separate
units, all in the same rack, to be warmed up before an active pulsed neutron run
can be made. Turn these on one at a time, top to bottom. For routine
operation, only the bottom one, the target HVPS, need be turned off after each
active run. Of course, for extended down times (e.q., overnight), all four units
should be turned off. Note that all other electronics (e.qg., counting electronics,
LeCroy 3500) can be left on overnight and over weekends.

Step 8b. After the warmup period (5 minutes to start the day),
verify the nominal voltages on the major components within the Zetatron.
Monitor them with the rotary switch to the left side of the the controller
chassis, Read the voltages from the LED display in the chassis. The source HV
should be 500 V. The target HV should be 450 V, and the RES (reservoir) should
be 4.55 to 4.58. Small departures from these nominal values are of no
consequence. Large departures may require fine adjustments. These readings
don't need to be checked for each run; once or twice during a day is sufficient.

Step 8c. Check that the required number of pulses is being shown
on the pulse counter of the controller unit. This will normally be 2000 for the
drum counter and 5000 for the crate counter.




Step 8d. Press the START SEQUENCE button on the controller
chassis. When the system is ready to p;‘oduce neutrons, the STRIKE wave form
will appear. When it does appear, push the toggle switch up i:o the RUN
position. Neutrons will now be produced.

Step Be. When the active run Is completed, SNEUT will
automatically start the passive run. Information appears on the screen to let
you know that the active run is over.

Step 9. At the end of the passive run, the data are displayed and
printed out. SNEUT will now ask you, DO YOQOU WISH TO PERFORM ANOTHER
ASSAY? An answer of YES repeats this sequence, starting at step 7. Enter run
number, etc. |

Step 18. Remember that only 25 runs can be written on a single disk. If
this limit is reached, place a fresh formatted disk in the disk drive--don‘t
forget to take another passive background for the new disk.

V. CALIBRATION

We recommend that calibration be done frequently using a standard
container (drum or crate) filled with a matrix in which are placed, in fixed
locations, a **2Cf source and a standard uranium sample. This standard
container should be painted some conspicuous color so it will not be confused
with regular waste drums.

Assay the standard calibration container at least once avery working
day using the same procedure as for reqular waste drums. This °
measurement/control procedure will provide a reqular, automatic record of the
system’'s operational status, which should remain constant if the system is
operating normally. The result of the active assay on the standard should be
constant day after day, with appropriate allowance for statistical errors. The
passive assay will show the expected 2*2Cf source decay with its half-life of
2.65 years. Allowing for source decay, the passive assay should also be constant
day after day.

_ If the daily assays are not constant, they indicate a problem that will
require attention. Although small changes in system sensitivity will not cause
difficulties, any change is really indicative of some problem such as
high-voltage power-supply drift, discriminator threshold drift, preamp or
amplifier gain shift. Thus, from the point of view of long-term operational
success, it is wise to find out as soon as possible what is causing the system to

13
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produce nonconstant measurement control assays. It is the nature of these
neutron assay units to be very constant in performance over long-term periods,
if all components are in working order and are properly adjusted.

14
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SUHMARY

The zetatron i3 a small sealed-off D-T accelerator
being wused for pulsed neutron production in Uraniuvm
borehole logging experiments, The tube -utilizes a
zirconium gas reservoir, Penning type ion source, and
up to 130 kV fon extraction with ion besm focuasing and
secondary electron supreasion. The mixed D-T beam is
incident on a2 scandium film target and produces in the
pulse mode up to 8 X 10° neutrons/sec peak rate at a
Bource current of 2.5 A and target voltage of 130 kV.
In the borehole logging application the tube, opersting
at 100 pps, dissipates an average power of about 10
watts. Life testing has demonstrated an average tube
funetional 1life of 148 hours and a shelf life in excess
of one vyear. Life 1limitations 4include a steady
degradation in neutron output of about 50% in 100 hours

and eventual tube puncture fractures that are
catastrophic,
INTRODUCTION

The predecessor of the Zetatron neutron generating
tube came into being at the request of NASA for a
small neutron source for use in activation analysis.
The tube continued 1its life in e second version as a
highly repeatable neutron source for calibrating
neutron detectors? and measuring neutron attenuation in
materisls, The most recent version has found
application in wvranium borehole logging"“' , portal
security monitoring . and transuranic assaying?, Tta
physical size (Fig. 1) 1is 38 om diameter with source
magnet in place by 126 om long. It is cperated
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Fig. 1 The Zetatron tube in croas-section with - tube
structures and funct!ans identified.
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in a pulse mode on both the fon asource and the
accelerating wvoltage. The tube utflizes the B-T
reaction, sccelerating a mixed beam from the fon source
onto an occluded gus target, alse of a D-T mixture.
Details of the tube operation, 1life experience and
application follow. Some life-limiting mechanisms are
discussed.

TUBE DESCRIPTION

The tube i3 shown in cross-section in fig. 1. The
gas reservoir 1s mounted on one end and consists of 2
porous steel tube, 0.9 vm dismeter, filled with 20 mg
of powdered zirconium that has been hydrided with a
50/50 mixture of deuterivm and tritium, Passing =
current of 3.8 +0.1 A through the reservoir will
provide the heat necessary to release the D-T gas and
reach the tube's operating pressure of approximately
2 Pa, .

The ion source of metal/ceramic construction has a
"Penning” geometry operating in =8 reflex discharge
mode using a permanent magnet to provide a 600 gauss
axinl field, In present applications, the source is
pulsed with a 2500 Volt, 20 ps pulse through an
impedance that provides 1,5 to 2.5 A source current,
The 2500 volt amplitude provides a rapid striking of
the source arc (<5 us) which then 1z maintained with a
voltage drop of approximately 400 Volta, The generated
ions are extracted {rom the secondary cathode by the
pulsed electric [field formed by the eylindrical
accelerater and accelerated across the gap to strike
the target at typleally 120 keV energy. The target
consists of a 5 mieron thick, 20 mm diameter, scandium
deutero-tritide film deposited on a molybdenum

TUBE P10312

L4 T T

PEAK QUTAUT RATE(1012 pruTnone/2EC)

-
0.4 100 E
..
=
[~}
[
_____ T
01l e TP 100 T
—— o REUTRONE B
= TUBE CURRENT -8
o.0 L J L 3
o0 w0 100 110 120 - 138

ACCELERATING VPLTAGE, RV

Fig. 2 Typlcal Zetatron characteristic curves of peak
neutron output rate and peak tube currents.
datu taken at 10 kV increments of accel-
erating voltage. . ' ’
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substrate and 13 electricnlly 4insulated from the
sccelerator permitting the target to be bilased to
suppress secendary electrens,

Typlecal characteristics of tube ecurrent and
neutron output as a function of accelerating voltage
and source current are shown in fig. 2. As the D-T
reaction predicts, the output 4is strongly dependent
upon the accelerating voltage, Across the 80 to 130 kY
range the output varies nearly aa the fourth power of
the voltage .vhereas the tube current is 1lineerly
dependent. Both neutron output and tube current are
linearly dependent on source current.

LIFE EXPERIENCE

Table I summarizes the 1life test results of nine
tubes that were life tested operating at = pulse rate
of 100 pps with a peak source current of 2 A and peak
accelerating voltsge of 120 kV. This life teating is
conducted during lsboratory off-hours overnight and
wWeekends under computer control. A single shot neutron
output 13 ssimpled every 24 seconds, and if it meets
ainimum requirements the test ocontinues., Every 16
nminutes S pertinent tube waveforms iIncluding neutron
output sre digitized, and an exsmple of that cutput is
displsyed in fig. 3. The peutron output ia measured
using a lead mctivation/scintillator systen®. Although
one tube failed in 22 hours, which we bellieve wes due
to overpressure operations, the average life for the
nine tubes was 148 hours, One tube reached 350 hours
and was still operating with an output of 1.5 X10°
neutrons/pulse. Neutron output degradas slowly to
spproximately 50% 4in 100 hours as 1s shown in the
typical life test results in fig. 3. Catastrophic  end
of life was most frequently a puncture fracture of the
glass wall at the target end of the tube, five of the
nine tubes having failed in thet mode. Of the
remaining four tubes, three were termjhated for
postmortem examinstion and one eppeared to puffer from

rihat no tritium has been detected external to the tube
nor in the tester dielectric flufd za a result of the

| tube punctures. /’EY
/{’[50 Fe ga sz: rewr Ce RN
+4 fa
?u,‘__ has been ai V‘-j

a contamindated gas reservoir. It ashould be nentionei]

ruas RUN TIME REASON FOR
{HRS) TERMINATION
P10067 100 POSTHMORTEM
P10173 168 POSTMORTEH
‘P10212 210 GLASS PUNCTURE
P10213 22 GLASS PUNCTURE
P10246 73.8 GLASS PUNCTURE
P10288 101.3- GLASS PUNCTURE
K103 350 POSTHORTEM
K109 12,5 GLASS PUNCTURE
kKtio 164.5 RESERVOIR FAIL.
AVER. 148 e
t #pulses = 043)(3600) (1eo) = §3.3x/0
bors Segf, lddd

TABLE I. Summary of Zetatron life test results.
Prefix P tubes were fabrleatad by inte-
grated contract with General Electric
Neutron Devices Dep't, Prefix K tubes were
fobricated under o tronsfer . of Tech-
nology contrect with Keman Sciencel Corp.

APPLICATION IN BOREHOLE LOGGING

A typlcal spplication for this tube 1s fts yge 34
the neutron generator 4n borehole logging in uranium
exploration? **5, To this end, the goal for the tube
and its driving circuit eomponenta ¥as 50 hours mininus
life at 2 minimum output of 10% neutrons/pulse and
pulse rate of 100 Pps. As c¢an be seen from the 1ife
test results (Fig.3), the output rate starts at about

OUTPUT V8. RUN TiME
TUSE X100

* ouTPUTI10® HEUTRONS PULEE)

0.0 00 800 0.0 t20.0 o0
TES (WA2) :

Fig. 3 Typieal life tesat recofd of & Zetatron tube,

4.5 X 10°® neutrons/pulze and remains well above the
desired minimum through {ts life, The short term (4
hours} shoteto-shot deviation hb@putes to be leas than
5% which {8 2130 conaidered acceptable,

In logging applicationa with the circuitry used by
this laboratory the power disiipated in the tube at a
100 ppa repetition rate is 2.6 watts in heating the gas
reservoir, 2.0 watts in the ion Bource, and 5.4 watts
in asccelerating the jons and electrons, To minimize
the power requirements of the high voltage section we
have attempted to reduce the tube curreat by blasing
the target of the tube wusing reaistors bdetween the
target and ascoelerator, Fig, 4 displays the tube
current dependency on the blas resistance as the
resistance i3 increased up to 100 Kohns. Total tube
eurrent 13 reduced by about a factor of 2.4, Further
incresse in the size of the blas resistor ylelds only 2
slight additional reduction. He have found that the
tube performs satisfactorily with the targe: (floating,
implying a self-limiting bias action auch as a gas
dischaorge 13 in effect in the target region,

This tube has been assembled with a current
limiting resistor and high voltage pulase transformer
and overcast with a modified ¢poxy resin into »
tube-tranaformer-assembly (TTA).  Five ouch assenblles
have been tested in the same 1life tester snd mode wvsed
to life test tubes, Table II summarizes the test
results to date., There were two discouragingly short
run times, namely, on TTA's 630 and 5206, But both
were identifiable aa aolvable process problems, not
deslgn faults. In no case was the tube the cause of
fallure: Ir fact the tube, 1in 3such inatances of
foilure, i3 recoverable and can be re-uaed,
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Fig. 4 Tube current as a8 function of target blas
resistance,
RUN TIME REASON FOR
ITA 1D (HRS) TERHINATLION
626 58.2 POTTINRG PUNCTURE
629 140, POTTING PUHCTURE
630 8. XFHMR FAILURE
4206 0.2 XFHR FAILURE
4207 45.9 STILL RURNING
TABLE II. Summary of TTA 1ife test results,

LIFE LINITATIONS

Severzl life limliting factors were of concern tao
us  including helium generation, reservoir capacity,
target degradation, and metal aputtetring. The
folloving paragraphs deaseribe our life teating
experience in these areas.

Helium Generation, W4ith spproximately BOD ugm of
tritium in “the tube Bt birth it was thought that “He
generated by radioactive decsy would be a problem in
that the tube would reach 17 Pz in sbout 7 days
assuming 100% of the *He uas relensed. We have seen no
evidence of this in tubes over one-year old indicating
that a very large percentage of the "He i3 not
released. The tube that had run for 350 hours was
opened for pgatmortem analysis and only 0.5 ugm of the
70 ygm of “He generated, 1less than 1%, wa3 found a3
free gas. The balance of the gas was found to still be
in the reservoir and target. This i3 clear evidence
that the He will not be released from the reservoir at
& slgnificant rate even with repeated temperature
cycling enperienced in normal operations. Life
limitation due to free %He bulldup does not, therefore,
eppesr to be a problem in times leas than one year. bWe
are accumulating tubes with greater. age and eonducting
experiments with tubes backfilled with %He to provide a

basis for 1if+ projections beyond our one year
experience,

Reaervolir <

='ty. Reservolr characteriatics on
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81} tubes with the exception af the 1life tested tube,
K110, have remained stable throughout thelr shot lives
pnd shelf 1lives up to 13 menths. That cne exception,
K110, shows evidence of the reservolr being
contaminated in that it has become very slow in
re—gettering evolved gas but it does not appear to have
insufficient ecapaecity. We, therefore, conclude thal
the enpacity is more tlhan adequate and are developing
smaller capacity reservolrs to reduce the tritium
inventory. *

Tarpet Degradstion, Postmortems of 1ife tested
tubes indicated that s circle approximately 3 mm in
diameter in the center of the targel i3 conmpletely
depleted of deuterium-tritium, The depletion of the
target is belleved to be ‘duse to sputtering and
fmplantation of 1impurity 1ons and is most likely the
major contributor to the steady degradation in output.
Beam modelingl° of this tube indicates thiz area of the
target revcelives s very large percentage of the beam and
implies that a lower degradation rate would be realized
with 8 less strongly fdcussed beam. Tube redesigns are
being pursued to verify the theory and lmprove tube
performance.

Metal sputtering. The  postmortens showed
considerable material deposition on the glass walls of
the scecelerator section. It is believed that this
deposition leads to enhanced surface breakdowns which
induce glass damage and eventual tube puncture, the
majot life limiting factér in 1life testing.

CORCLUSION

The Zetatron tube has been demonstrated as a neutron
generating tube small enough to be used in & uranfum
borehole logging application with 8 high neutron
output, low stiot-to-shot deviation, and an adequately
long shot life. Shelif 1ife does not mppear to be less
than one year.
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I. Introduction

The calculation and measurement of pulsed 14 Mev neutron
generator fast neutron and gamma ray dose rates require proper
modeling to account for the pulsed nature of the observed
radiation on exterior surfaces. For instance, to obtain the
biologically equivalent fast neutron dose rate produced by a
pulsed 14 Mev source in units of millirem per hr, one must first
determine the effective pulsing rate in pulses per hour of
operation. 1In the case of the PNC Tokai passive-active neutron
assay unit the PNC/JGC system specifications call for an assay
rate of one per 1@ minutes, or 6 assays per hour. Assuming the
system as delivered by Pajarito Scientific Corporation will meet
these specifications, and that the USDOE system standard of 2000
pulses per unit assay is utilized by PNC Tokai in their
operations, one "can calculate the pulsing rate to be 128@¢per hr
during active assay operations. (Of course, when the assay system
is not in use, the pulsing rate will be zero. Thus, the overall
weekly, monthly or yearly average dose rates will be less than the
active assay dose rates, in proportion to the active assay time
divided by the total time.)

The specifications of the zetatron pulsed neutron generator
system call for a nominal output of one million (ix 1BE6) 14 Mev
neutrons per pulse, with a nominal pulsing rate of 58 pps utilized
until 20@@ pulses have been accumulated. Thus, the calculated
hourly pulsing rate during active operations results in a neutron
source of 12800x1,000,@0¢= 1.2x1PE1@ n/hr. The chatacteristic
angular distribution of these 14 Mev D+T neutrons is isotropic to
better than +/- 5%. That is, all source neutron are emitted in
equal amounts in the direction of all solid angles. The PNC Tokai
unit assay chamber door is approximately 18@ cm from the
internally located 14 Mev source. For the purposes of this
calculation it will first be assumed that the door is open so that

a maximum possible dose rate may be calculated in order to

evalvate the potential health hazard in the unlikely event safety
interlock systems fail and the generator fires with the door open.
_5 5_




Table I shows the neutron dose equivalent for a range of
neutron energies, taken from the radiation standard handbook, NBS
No. 63, 1988 edition, p. 13@. In this case a total fluence of
1.4x10E6 n/cm2 of 14 Mev neutrons are required to produce a dose
of @.1 rem (100 millirem). In our calculation for 16@ cm
separation the calculated hourly fluence is
1.2x10E10/(4x3.14x10,909)= 9.55xE4 n/cm2/hr. Scaling by the data
in NBS No.63 results in a calculated dose rate of
(9.55%x10E4/1.4x10E6)x19@= 6.8 millirem/hr 19¢ cm from the

unshielded source, at the assay system door location.

Since it is proposed to exclude personal from room P-303 by
an interlock in the room door closure mechanism, it is important
to calculate the dose rate at the room door location also. This
is approximately 40@ cm from the source.. In this case the
calculated dose rate is @.68x(1@@)2/(A¢6G)2-0.43 millirem/hr.

In the actual operational situation, of course, approximately
35 cm of pdlyethylene and graphite shielding is interposed between
the 14 Mev neutron source and the calculational points at 189 cm
and 49¢ cm. Standard fast neutron shielding calculations (ex, NBS
No. 63) indicate this shielding wall produces considerable 14 Mev
neutron attenuation and associated lowering of external fast
neutron dose rates. The tables in NBS No. 63 indicate this will
be about a factor of 3. The actual dose rates have been measured
in several USDOE passive-active neutron assay systems utilizing
zetatron 14 Mev systems. These measurements verify the
calculations presented here. For example, the Savannah River
Plant NDA system, during acceptance tests in 1985, was measured
with standard TLD fast neutron dosimeters by the SRP radiation
health physics department. These measurements indicalcd a 35
millirem fast neutron dose produced on the external assay chamber
walls by 180,080 zetatron pulses. Scaling this measurement to the
PNC Tokai system operations of 12009 pulses per hr results in a
measured dose rate of approximately 35x(1200@/180099)=2.3
millirem/hr on the external wall surface, or about a shielding
factor of 3 (unshielded dose rate calculated to be 6.8 mr/hr.)




Thus, using the measured and calculated factor of three dose
rate attenuation due to the assay chamber walls, one obtains a
final external assay chamber wall (182 cm) dose rate of 2.3
millirem/hr. and the corresponding room P-3¢3 door (4@@ cm) fast

neutron dose rate of .14 millirem/hr.

The accompanying gamma ray dose rate may be estimated by
assuming each original 11 Mev neutron will produce about 1 Mev of
prompt gamma radiation through inelastic collisions with drum and
wall materials. (Most of the original 14 Mev of kinetic energy is
lost in radiationless elastic collisions, primarily with H
atoms.) Thus, the assay chamber door (1¢0 cm) unshielded gamma,
ray source, assuming 1 Mev gamma rays on the average, will be
1.2x1PE1@ gamma rays per hr. Using NBS No. 63 conversion tables,
this results in a calculated 1 Mev gamma ray dose rate of .@9
millirem/hr. The corresponding calculated dose rate at the room
door loacation (409 cm) is .@056 millirem/hr. The 35 cm of assay
chamber wall shielding results in even lower éamma ray dose rates

being observed.

Finally, it is possible to estimate fast neutron dose rates
produced by fission of Pu-239 in waste drums being measured in the
assay system. From standard source measurements in the USDOK anay
systems one determines that the standard 2000 pulse assay of 1 gm
of Pu—239 produces 1.8x10@E5 fast fission neutrons. BAssuming the
worst case scenario for the PNC bperations of 6 drums in one hour,
each containing 3% gm Pu-239--one calculates (using NBS No. 63) a
fission spectrum (2 Mev average neutron energy) dose rate
unshielded at 198 cm of .8823 millirem/hr, or negligible compared

to the 14 Mev neutron dose rate.




TABLE I,' NEUTRON EQUIVALENT DOSE FACTORS

2. NEUTRON DOSE EQUIVALENT (From NBS No. 63)

Neutron

Energy 0.1 rem
{MeV) (nfem?)

Thermal 96x10°8
0.0001 72x108
0.005 82x10°%
0.02 40x10°
0.1 12x108
0.5 4.3x10%
1.0 2.6x108
2.5 2.9x108
5.0 2.6x10°
7.5 2.4x10%

10 2.4x10°%

10 to 30 1.4x10%2

3-

0.1 rem/40h
(nfcm? per sec)

670
500
570
280
80
30
18
20
18
17
17
10°

3 ater data suggest that these values are applicable up to 400 MeV.

3. ISOTOPES WITH LOWEST MPC'S IN AIR IN ORDER OF
MPC (Basis, 40-h/week worker exposure ) Source, AEC
Manual Chapter 0524, '

Alpha Emitters

MPC .
(uCifem®)  Isotopes
6x10°°  *Cm

1x107? 2Py

See footnotes at end of table.
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Beta Emitters®

MPC

{Cifem®) Isotopes

2x10717 @b
6x 1077  wmamub

v g ey e S 4 P gy Ay g A s e ey £ > P g e A g ARty A A Rt P sy Pt = - g~ Pl

Alpha Emitters Beta Emitters®
MPC _ MPC
(uCifem®)  Isotopes (1Cifem?) Isotopes
2x 107" 49Cf 4x107"  TERyd
BICF 9x 107" ipyb
38py 1x10710  uopyd
wopy, 4x107  2SEgH
240Dy g8x107'%  3¢crb
Hpy 20p, b
24py 9x107'" kb
80T 1x107° 05y
4x107? HNp 2x107° 129§
5x107? s0Cf 4x107° 146y
ol 5x107° 24Mpcb
245Cm 1251
©WCm $9Fe
Hiem 6x10~° 210g; b
6x 107" Alam e o
243AI“ lmRu
Cm g8x10~? 126y
18T 9x10~* Co
9x 107  Cm 131
2x 107" 20f Ny
254ES
3x107" TR,
2Th
Th-nat®
=2y

6x10"  U-mat

See footnotes at end of table.
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He~3 PROPORTIONAL COUNTER

SPECIFICATIONS

REUTER-STOKES MODEL NUMBER P4-1624-205

MECHANICAL
Maximum Diametor . ouiieetneivesataaaannnas 2.03 in.
Maximum Overall Length ......cececeuneva. .. 27.56 in.

Maximum Sensitive Length ................. 24.00 in.
Connector TYP® «cuccevasidninrssacevnenss, HN

MATERTALS
BOAY vaa v veseasssareaeasnenseeaaiasanans. 304 SS
Detector Insulation ...ccaeeieres teeresee. ALD
CONNEC O vt viiareatennscancansnreenens. Brass, Silver Plated.
Connector Insulation .......eeeupeesss «e.. Teflon

FIILl GBS tuveetitonitannnsenasansenssenn., He=3 - CO
PI1ll PreSSUIL® ..veveeneceeescseanonaaneas. 30 psia

MAXIMUM RATINGS

Voltage .......c.ivvaan... Gt e s .. 3500V
Temperature .......... . [See Note 1) 100°¢

OPERATING CHARACTERISTICS

Environmantal
QOperating Temperature Range ........... =40 to +100°%
Humidity (non-condensing) ........ veras 0 - 100%
Nuclear
Thermal Neutron Flux Range f[3ee Note 2! to 500 nv
Thermal Neutron Sensitivity ........... 147 cps/nv * 5%
Background .......... e ceiees. < 1 cps
Electrical
Resistance ...... e ee e ce... > 10?2 q e 25%
Capacitance ............ e eeaae e, .. 10 pf
Operating Voltage Range ............... 500 to 1500 vVDC
1l of 2




OPTIMA 860

POWERED CAMAC CRATE

echnology Inc.

The Optima860has set the industry standard for powered CAMAC crates.

The Optima 860continues to be the world's largest selling powered CAMAC .
crate based on quality, reliability and performance at a very competitive price.

Power Features;

B +6V 60 Amps shared current
{to 50 A max on either + 6V or -6V)
B +24V 9 Amps shared current

(to 2 6A max on either + 24V or -24V) ___

B *12Vto 3 Amps on either +12V
or -12V {current shared with & 24V)
B 550 Watis total output power

General Features:

B Reinforced sieel crate -
construction with cast aluminum,
non-galling, electroless nickel-plated
module guide raiis for long and
rugged life.

B Modular power supply has
demonstrated superior reliability
and performance by 21,000 hour
mean-time-between-failure in
field experience.

B Integral support shelf and quick
release mechanism allows
no-tool, single-handed power
supply removal.

B Slide-out three-fan blower tray
for module ventilation features
low-noise, venturi-type,ball-
bearing fans (over 400 CFM
rating} combined with large air
intake openings provides
unmatched standard cooling
capacity for enhanced module
performance and maximum life.

B Convenient front panel metering
and test jacks for output
voltages and currents.

¥ Provides thorough protection on all
circuits and outputs:

@ QOvervoltage Protection
® Overcurrent Protection
@ Thermal Protection

B Exceeds all CAMAC (IEEE 583-1982)
and ESONE report, EUR 4100e, Type
CP-1 power supply requirements for:

® Regulation
@ Ripple and Noise
@ Long-Term Stability

Description:

The Optima 860 CAMAC (IEEE-583,
Computer Automated Measurement
and Control) powered crate is an
assembly made up of three basic
units: the crate, the power supply,
and the blower drawer.

The blower section and power
supply can be removed without
disturbing or removing the crate
from the rack, or dismantling
cabling from the modules.

DSP Technology, Inc. 48500 Kato Road, Fremont, CA 94538-7338 (415)657-7555 TLX 283608



Description {cont.)

The crate houses the removable
blower tray, supports the power
supply, and incorporates the
Dataway bus. The crate assembly is
constructed of reinforced steel

and precision-cast aluminum

upper and lower guides for long,
rugged, trouble-free use.
Precision-cast and machined,
full-depth, self-centering module
insertion guide rails insure

smooth insertion, removal, and the
proper alignment of CAMAGC modules
with their Dataway connectors.

Only the highest quality components
go into the modular construction
of SEC’s power supplies. Rigorous .
quality assurance procedures and
standards are foilowed throughout
the manufacturing process
including a 48-hour burn-in and
final test under ioad conditions.
The power supply has a 21,000
hour MTBF {mean-time-between-
failure) in tield performance.
Additional features include “‘at-
a-glance" fuse visibility and

a separate cooling system.
Further, the power supply’s
modular construction assures
ease of maintenance and minimum
downtime should repair become
necessary. All outputs of the
power supply are protected from
overvoltage and overcurrent.No
damage to the power supply
results if there is a

continuous short-circuit. A

thermal warning and a thermai
cutoff switch protect the

power supply whenever the
internal temperature exceeds a
safe limit.

The slide-out fan tray features three
low-vibration, low noise, venturi-
type ball-bearing fans rated at

134 CFM each.

@ [.arge air-intake opening

® High-adhesion dust filters easily
removable without tools

@ Front metering and test jacks
for voltage and current

@ Crate power switch

TECHNICAL SPECIFICATIONS:

Mechanical:

B Width: 19.0 in. (rack mount)

B Height: 12.3 in. .

B Depth: 21.6 in. behind front panel
(22.4 in. overali)

B Weight: 88 Ib.
(shipping weight: 101 [b.)

Electrical:

E Input: 115V +10%/ -12% Vac,
50 - 60 Hz nominal (standard)
B Output voltage and current:
+6V at 0A to 50A,
current shared to 60A
24V at 0A to BA,
current shared to 9A
=12V at 0A to 3A,
current shared to 24V output

B Output Power: 550W at 25°C
derated to 500W at 50°C

NOTE:

OUTPUT POWER is the sum of two
groups of output voltages multiplied
by their respective load currents.
The sum of the two groups must not
exceed 550W at 25°C. and must be
derated to 500W at 50°C. .

GROUP 1 OUTPUTS: +6V, +24V,
and £12V combined output power
must not exceed 400W at 25°C.
The £12V output currents are
considered + 24V outputs for
power calculations.

GROUP 2 OUTPUTS: - 6V and - 24V
combined output power must not
exceed 400W at 25°C and 375W

at 50°C.

B Overvoltage Protection:
All output voltages are
protected by silicon control
rectifiers (SCR) that can be
activated by ac line transients,
large load-current changes, or
internai circuit failure.
B Overcurrent Short Circuit
Protection:
The outputs of the power supply
are protected against over-
current and short circuits by
fold-back type current-limiting
circuits which cause the output
current to be reduced to a
low, safe value




Thermal Protection:

Two thermal switches are
mounted on each of the two
teat sinks. One thermal switch
on each heat sink disconnects
the main power; one turns on
the overload indicator on the
front panel of the blower.

B Ripple and Noise: 10mV peak to
peak, 50MHz bandwidth, 50mV
on =12V outputs

B Transient Recovery: 50 micro-
seconds, typical

B Long-term Stability: Less than
0.2% for 24 hr. after 1 hr. warm-
up {constant ambient tempera-

B Metering: £6V and +24V and ture)

current B Temperature Coefficient:
B Test Jacks: All output voltages 0.02% /°C maximum
B Line and Load Regulation: Environmental

+0.2% for £6V and 24V out-
puts
2.0% for £12V output

B Operating Temperature: 0°C to
500C (329F to 1220F) at less

than 90% relative humidity

HOW TO SPECIFY THE OPTIMA 860
ORDER BY MODEL: OPTIMA 86 0 plus eight-digit number which includes options:

8 2 0 _ _ 2 1 _

( 5 — 115 Vac, 50-60Hz (standard)

1 — Standard CAMAC construction 6 — 230 Vac, 50Hz

3 — NIM holes — Jacking screw 8 — 100 Vac, 50Hz
holes for NIM modules in both
upper and lower guide grilis.

5 — Viking blocks (set of 12) blocks
accommodate 36-pin Viking
card-edge connectors (RE-
QUIRED WITH SEC's QUAN-
TROL E-200 SERIES ADC MOD-
ULES)

6 — NIM holes and Viking blocks

1 — Standard (NO STATUS BIT)

2 — Status Monitor Bit: Optional
monitoring of all outputs and
thermal overloads. Provides
single relay contact closure
on exceedences.

OPTIMA Wired Crate only: P/N 82860001
OPTIMA Crate Power Supply only (PS880/0) P/N 82005200

JSP Technoiogy, Inc. 48500 Kato Road, Fremont, CA94538-7338 (415)657-7555
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FEDERAL SPECIFICATIONS
ALUMINUM MILL PRODUCTS

QQ-A-200

QQ-A-200/3
QQ-A-200/8
QQ-A-200/9
QQ-A-200/11
QQ-A-200/15
QQ-A-200/16
QQ-A-225

QQ-A-225/1
QQ-A-225/2
QQ-A-225/3
QQ-A-225/4
QQ-A-225/5
QQ-A-225/6
QQ-A-225(7
QQ-A-225/8
QQ-A-225/9
QQ-A-225/10
QQ-A-250
QQ-A-250/1
QQ-A-250/2
QQ-A-250/4

QQ-A-250/5

QQ-A-250/6
QQ-A-250/7
QQ-A-250/8
QQ-A-250/9
QQ-A-250/10
~QQ-A-250/11
QQ-A-250/12
QQ-A-250/13
QQ-A-250/24
WW-T-700
WW-T-700/1
WW-T-700/2
WW.-T-700/3
WW-T-700/4
WW-T-700/5
WW-T-700/6

WW-T-700/7

General Specification for Extruded Rod, Bar, Shapes,
Tube and Wire.

2024 Extruded Rod, Bar, Shapes, Tube and Wire.

6061 Extruded Rod, Bar, Shapes, Tube and Wire.

6063 Extruded Rod, Bar, Shapes, Tube and Wire.

7075 Extruded Rod, Bar, Shapes, Tube and Wire.
7075-T76, T76510, T76511 Extruded Rod, Bar and Shapes.
6061-T6 Extruded Structural Shapes.

General Specification for Rolled, Drawn, or Cold
Finished Wire, Rod, Bar & Shapes.

1100 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
3003 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
2011 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
2014 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
2017 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
2024 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
5052 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
6061 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
7075 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
6262 Rolled, Drawn, or Cold Finished Wire, Rod and Bar.
General Specification for Sheet & Plate

1100 Sheet and Plate

3003 Sheet and Plate

2024 Sheet and Plate

ALCLAD 2024 Sheet and Plate

5083 Sheet and Plate

5086 Sheet and Plate

5052 Sheet and Plate

‘5456 Sheet and Plate

5454 Sheet and Plate

6061 Sheet and Plate

7075 Sheet and Plate

ALCLAD 7075 Sheet and Plate

7075-T76 and T7651 Sheet and Plate

General Specification Drawn Tube Seamless

1100 Drawn Tube, Seamless

3003 Drawn Tube, Seamless

2024 Drawn Tube, Seamless

5052 Drawn Tube, Seamless

5086 Drawn Tube, Seamless

6061 Drawn Tube, Seamless

7075 Drawn Tube, Seamless

18
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ALUMINUM ALLOY DESCRIPTIONS
Sheet and Plate Non-Heat Treatable

1100 (QQ-A-250/1)

“Commercially pure aluminum.” Minimum specified
aluminum content of 99%. Satisfaclory resulls in terms of
anodizing. Welding, brazing, and soldering can be ac-
complished by all the processes used to join any aluminum
alloy. Machining is generally more difficult than with other
aluminum alloys. Cutstanding workability. End uses for 1100
in the various tempers include such items as spun hollow
ware, decoralive parts of appliances and radio cabinets, heat
exchanger fins, small motor covers, small ash trays and
novelties, chemical equipment, kilchen items such as
measuring spoons, insulating panels, heat rellectors and
general sheet metal work,

3003 (QQ-A-250/2)

Corrosion resistance is good 1o excellent. Finishing produces
excellent results when mechanical finishes are required. May
discolor (brownish cast) when anodized. May be welded by all
the processes used 1o weld aluminum. Soldering presents no
problems. Brazing requires special techniques. Machining is
difficult. Strength Is increased 1o approximately 20% higher
than 1100 due to addition of manganese. Workability is ex-
cellent. Typical end uses include awnings, fish boxes, food
and chemical handling and storage equipment, furniture
(lawn chairs, carts, trays, etc), heat exchangers, highway sign
panels, mobile home siding, trailer roof sheeting, ventilators,
Hlashing and spun parts.

5005

Corrosion resistance is excellent. Finishing produces
superfor results in thal all standard finishes may be applied.
Ancdizing in particular produces a pleasing appearance.
Color match between anodized 5005 sheet and 8083 extru-
sions is good. Welding may be done by any method used to
weld other aluminum alloys. Brazing requires extra care.
Solderability not as good as 1100 or 3003. Machining is dii-
ficull. Strength about equal to 3003, Workability is generally
comparable to 3003 except in severe drawing. Typical end
uses include architectural applications, kitchen utensils and
equipment, mobile home siding, outdoor signs, patia covers
and reflectors. ‘

5052 (QQ-A-250/8)
Corrasion resistance is exceltent. More resistant to attack
from salt water than 1100. Finishing may be accomplished by
all standard methods. However anodizing produces a yellow
cast. Welding may be done by any method used to weld other
aluminum alloys. Brazing and soldering are difficult. Machin-
ing Is difficult. High strength. Excellent for struclures subject
to much vibration. Workability is effected by relatively high
magnesium. Typical end uses include aircraft fuel tanks,
beats (hulls and comporients), butk food processing equip-
ment, chemical drums, fertitizer tanks, pressure vessels,
storage tanks, tank trailer bodies and sheet metal products.

ALUMINUM ALLOY DESCRIPTIONS
Sheet and Plale Heal-Treatable

¢ 6061(QQ-A-250/11) |
Corrosion resistance 0d. For adoilional corrosion
resistance may be clad with alloy 7072 which has a nominal
1% zinc content. Finishing may be done by any of the stan-
dard finishing practices. To anodize extra care in removing
heat treat stains must be exercised. Welding is readily ac-
complished by any of the normal processes. Brazing and
soldering are feasible, bul trial runs may be necessary to
eslablish best method. Machining produces good results. A
strong tough alloy 6081 is the least expensive and most ver-
satile of the heat-lreatable alloys. Generally recommended
that drawing be attemnpted in the T4 or ¢ condition. Typicalend
uses include aircralt landing mats, aircraft water storage
tanks, architectural seclions and billboard sign panels.

2024 (Bare-QQ-A-250/4) (Clad-QQ-A-250/5)
Corrosion resistance in Lhe heat-treated condition is only fair.
Corrosion resistance is improved by c¢ladding. Finishing can
be accomplished by any of the processes applicable to
atuminum alloys, however, anodizing will not provide a consis-
tent color maltch. Welding by resistance methods is feasible.
Fusion nol nermally recommended. Brazing and Soldering
not recommended. Machining is relatively good in either 0, T4
ang T351. Good strength-weight ratic. Workability in the an-
nealed condition is good. Typical end uses include atrcrait
skins, cowls and structurais, truck trailer structurals and side
panels.

7075 (QQ-A-250/12) (Clad-QQ-A-250/13)

(Clad 1 Side-QQ-A-250/18) L
Corrosion resislance when heal {reated and fully aged is only
fair. Improved corrosion resistance is oblained by cladding.
Ancdic coatings are applied for corrosion protection oniy.
Welding by the fusion method gives inferior resuits.
Resistance welding with clad material in T6 gives good
results. Resistance welding of bare malerial not recommend-
ed. Brazing and soldering not recommended. Machining re-
quires high surface speed of the cutter for good results. One of
the highest strength alloys commercially availabie. Workabili-
ty extremely low in the T6 temper. Typical end uses include air-
craft skins, cowls and structures.

o, NOTE
Aluminum alloy descriptions contained on this
page and on the preceding page are stated in
general terms only. For more specific detailed in-
formation on these alloys or other aluminum
alloys contact your Gate City representative.

COLOR CODES

ALLOY STEEL:

30 .. Blue & Gray
4140/Annealed ............... Brown & Gray
4140/Heat Treated . ............ Brown & Gold
4340/Annealed . ............... Red & Yellow
I T Red & Black
Abrasion Resistant ... .. et e Gray
Stainless Steel:

Typel303..... e e Red
Type304 ... . Gold
Type304L ................ e White
Type316 ......... e Graen
Type321..... e e, . Bfack
Type347.............. e Pink
Typed10......... ... .. ....... .. Blue

Typedl6 ... ... ... Yeliow
Typed4d0C ... ......................Gray
155PH ... Orange
17-4PH ... ... Brown
Drilt! Rod:

OilHardening .. ... .. .. ... ..o ... Red
WaterHardening............ ... ... Green
Aluminum:

20113 . e Brown
200473 ... Gray
2024-T384 ... ... ....Red
3003-H14 . ..o it i Gold
5052-H32 ... ...l e Green
BOB1-TB ... i Blue
FOP5-T6. . . .Black
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EETTE

September 6, 1988

Pajarito Scientific Corporation
322 Kimberly Lane
Los Alamos, New Mexico 8754l

Subject: Seismic Analysis JGC/PNC NDA System

Dear Mr. Calduwell®

Attached are seismic calculations for the JGGC/PNC Non-Destructive Analysis
System. The bases for these calculations are a 0.36 g ailowable for the
system itself and 1.0 g allowable for the anchor bolts.

The following three configurations were investigated to assess the integrity
of the design:

1. Aggregate System Weight on Base Plate K=1.0
2. Side Module-Separation from Unit K =z 0.36
3. Open Position-Door on Rails
A. Force Perpendicular to Travel K= 1.0
B. Force Parallel to Travel K=1.0

A bolt analysis was performed to determine the suitability of the bolts chosen
for the various configurations. At the time this report was written, the
number and the location of anchor bolts as well as the Joint design had not
been finalized; therefore, Option 1 and Option 2 in the anchor bolt
calculations were explored. The 'Vendor Supplied' threaded assemblies utilize
screws rather than bolts. If a failure should occur, it is preferable for the
screw to fail under tension rather than have either the internal or external
threads strip. The Required Length of Engagement calculations determine the
engagement of mating threads sufficient to carry the full load necessary teo
break the screw. Mechanical properties for these calculations are based on a
Low to Medium Carbon-Steel for the external threads and on 6061-T6 Aluminum
for the internal threads. I will collaborate with the mechanical designer to
ensure the final design meets your client's seismic criteria.

Yours truly,

(42’2%2’ %

Timothy
117 Azure Drive
Los Alamos, New Mexico 87544
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he Idzaho National Engineering Laboratory {INEL), situated on 8go square miles of the
vast sagebrush desert between Idaho Falls and Arco in southeast Idaho, is the setting
for some of the most advanced energy research in the warld,

‘Established in 1949 as the National Reactor Testing Station, the INEL contains the largest
concentration of nuclear reactors in the world. Over the years, 52 reactors, most of them
first-of-a-kind facilities, have been built at the INEL. Fourteen of therm are operating or
operable, the others having been phased out after completion of their research missions.

The INEL has a long tradition of pioneering new advances in science. For example, in 1951, one
of the most significant scientific accomplishments of the century occurred at the INEL—the
first use of nuclear fission to produce electricity.

The first pressurized water reactor and boiling water reactor prototypes were built and
operated at the INEL in the 1950’s. One of the boiling water reactor experiments, BORAXI,
was the first to light an American town—aArco, Idaho-~in 19s5.

Today, the INEL is a leading center for nuclear safety research, defense programs, nuclear waste
technology, and developing advanced energy concepts.

The Site’s name was changed to the Idaho National Engineering Laboratory in 1974 to better .
characterize current programs, which now include research for engineering and nonnuclear, as
well as nuclear, energy programs.

In addition, work is conducted in fusion energy, low-head hydropower, industrial energy
conservation, environmental research, strategic and critical materials, computer code
development, materials testing, and advanced instrumentation development.
I
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Idaho Operat!ons Office (DO ID[
administers programs at the INEL
and provides support services for,i‘NEg
programs administered by DOE's Chic
and Pittsburgh field offices, The!INEE:
has nine operating areas with a ' taI
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Costs for 1987 were agproxhnatcly
$306 million, Estimated costs -
amount to #810 million. determining it clectticity fr:qgn coal or

coal-detived fuel can be pré&uced ata

\ Colorado, which manages DOE granth. '
;and energy conservation programs ia the,
"QBDCkY Mountain region, Thcse‘progrmns .

INEL researchers are studymg e
caused by the accident in 1979 it the T™I
Unit 2 commercial reactor.

Research is aitned at remaving
studying core materials, mmmobllizfng thewt
waste, and determinlng the accident’s;,
sequence of events, These activities at
providing information for improving light
water reactor plant safety, reliability, and *
operability, and for advancing the
technology, of facility decontamination,
and waste handling, transportation, and
disposal.

ci‘gy extension services, and e
conservation for schools, hospitals,”
di

Remedial Action Etograms.
Umnluin Leasfng Program. TI :
Knowledge gained from TMI research is ides geatechnical cxperﬂse i
being disseminated to others engaged in
design, construction, operation,
muintenance, review, and regulation of

commercial nuclear power plants,

— West Valley Project Office, near Buffalo,
New York, where researchers are
demonstrating safe and effective methods
for solidifying and disposing of high-level
radicactive liquid wastes.

A commercial fuels reprocessing facility,

- operated at the West Valley Site from
1666 to 1972, generated some 600,000
gallons of liquid waste which is stored in
underground tanks. Before solidification
can begin, almost every aspect of nuclear
waste management will be demonstrated.
This will include the decontamination of
a nuclear facility by developing tools and
equipment to meet special requirements
and techniques, the conceptual design of
solidification equipment within existing
facilitles, and disposal of low-level and
transuranic wastes,

The DOE-ID haadquarters building
Is located in Idaho Falls




EMPLOYMENT

The INEL employs about 10,500 people, or
about 2.5 percent of 1daho’s total workforce.
wWhile about 350 people work for the DOE-ID
operations office, most workers are
employed by private firms under contract to
DOE. These include Argonne National
Laboratory, Protection Technology, Inc.,
EG&G Idaho, Rockwell-INEL, Westinghouse
Electric Corporation, and Westinghouse
Idaho Nuclear Company.

- Construction management services are
provided by MK-Ferguson of Idaho
Company. Project construction employment
ranges between 500 and 1000, and
#35-#50 million is awarded annually in
construction contracts, primarily to Idaho
firms,

About 8,000 workers staff the nine operating
areas on the INEL Site. Some administrative,
sclentific support, and nonnuclear laboratory
programs are housed in Idaho Falls in seven
buildings: the DOE-ID Headquarters, the
Willow Creek Building, two Technical
Support Buildings, the Remote Office
Building, the Computer Science Center, and
the INEL Research Center,

The INEL work force comprises the largest
concentration of technical professionals in

The Willow Creek Building

the northern Rocky Mountain region, More
than 1,300 emplayees hold engineering
degrees. About 600 have science degrees,
mostly physical science, and more than one
employee in three has a college degree.

Approximate INEL payroll during FY 1087
was #370 million. Directly and indirectly, the
INEL generated approximately 4794 million
in wages and salaries,

Employees live in more than 30 adjacent
communities, with the heaviest
concentration in Idaho Falls, Bus service is
provided to the Site from the major
communities.

The INEL and its employees significantly
influence Idaho's social and economic
welfare, Many employees are active in clvic
and community affairs, helping to improve
the quality of life in the area.




he INEL Site covers neatly

570,000 acres ar 8go square miles of

dry, cool desert at an elevation of
almost one mile above sea level, The land is
bordered on the north and west by
snow-capped mountains and on the south by
three towering buttes.

The Site is neatly 30 miles long from north to
south and about 36 miles wide at its broadest
part. The Site boundaries nearest to
populated areas are 22 miles west of Idaho
Falls, 23 miles northwest of Blackfoot,
44 miles northwest of Pocatello, and 7 miles
southeast of Arco.

Annual precipitation has averaged only
8.5 inches in the last 15 years.

Underlying the area is 2 huge natural
underground reservoir of water in basaltic
lava rock called the Snake River Plain aquifer.

The average annual temperature at the Site
i5 42°F, with extremes of 103°F and -47°F.

sl &

The sits is located in southern
Idaho on a high desart plain.

RADIOLOGICAL AND
ENVIRONMENTAL
SCIENCES LABORATORY
(RESL)

DOE-ID laboratory scientists study and
monitor watey, ait, soil, and area farm
produce throughout an area of about
5,000 square miles. Data obtained from this
work substantiate that INEL operations are
safe for Site employees and the public.

_Monitoring results are reported quarterly to

the Environmental Protection Agency (EPA),
the State of Idaho, DOE-ID, and the various
INEL contractors.

RESL is recognized internationally as one of
the most advanced laboratories performing
radiatton safety work. The laboratory is
renowned for its ploneering work in the
ftelds of radiation monitoring devices,
ultrasensitive methods for radiochemical
analysis, and radiation safety research and

development.

RESL maintains direct traceability to-the
National Bureau of Standards. This credential
is necessary for RESL to test the quality of
programs conducted by other laboratories,
An example of this testing is the DOE
Laboratory Accreditation Program for
Personnel Dosimetry in which RESL tests
DOE and DOE-cantractor laboratories to
assure that results of the dosimetry programs
meet specified standards.

The laboratory’s specialized individual health
protection functions include personnel and
environmental radiation dosimetry (to detect
external radiation) and whole bedy counting
and radiochemical analysis (to measure
possible intemal deposition of radionuclides
in workers). Records are maintained on each
employee’s radiation exposure history.

The s570,000-acre INEL Site is one of two
National Environmental Research Parks. All
Jands within the INEL boundaries comprise a
protected outdoor laboratory where
sclentists from DOE, other federal and state
agencies, universities, and private research
foundations conduct ecological studies. The
RESL staff coordinates the various research
projects which have included wildlife use of
bumed areas, bobcat density and dispersal,
use of honeybees and lichens as indicators of
poliutants, effects of harvester ants on



ENVIRONMENTAL
MONITORING

Since the early years of the Radioactive
Waste Management Complex (RWMC)
operation, an active environmental
monitoring program has been maintained to
measure the potential hazards associated
with waste located at the RWMC, Air, water,
soil, plants, and animals are monitored at and
near the RWMC for the presence and effects
of radioactlvity. Also; supporting special
studies are performed as needed, and
environmental radionuclide transport
pathways are evaluated to determine if
additional monitering activity is required in a
particular area,

Recent monitoring results have shown that
organic chemicals are being released from
waste that was deposited in the ground prior
10 1970, There are also indications that some
radioactive material may have seeped into
the ground from transuranic waste disposal
sites established before 1970.

Although the monitoring results indicate no
potential harm to the environment, actions
have been taken to further increase

moenitoring activities and to develop plans to

prevent contamination of the Snake River
Plain aquifer.

ENVIRONMENTAL
COMPLIANCE

To ensure the safety of people who work at
or live near the INEL Site and to protect the
environment, all INEL operating facilities are
regulated by DOE orders and EPA and State
regulations. All new facilities strictly adhere
to the National Environmental Policy Act,
which requires environmental analyses
ranging from environmental evaluations to

environmental impact statements, depending -

on the complexity and potential impact of
the facility to the environment,

A thorough evaluation of past waste disposal
sites and practices at the INEL has resulted in
changes in the ways of disposing waste, and
plans are pending to perform remedial
actions on certain waste disposal sites that
might pose future environmental threats,

movement of contaminants, use of
vegetation to control moisture above buried
waste, and long-term vegetation changes,

in addition, RESL serves as a reference
laboratory, providing a variety of services to
Nuclear Regulatory Commission programs.
The services include chemical,
environmental, dosimetry, and data analyses
for nuclear power plants, fuel fabrication
facilities, and fuel processing plants, Also,
RESL provides equipment, supplies,
personnel training, and various radiochemical
standards to the NRC regional offices,

Working in conjunction with, but
independent of, DOE sclentists and
technicians are a number of geological,
hydrological, and meteorological experts
employed by the U.S. Geological Survey and
the National Oceanic and Atmospheric
Administration.




J ater reactor safety research

has been conducted at the

INEL sirice 1955 when the first
reactor safety studies were conducted in the
Special Power Excursion Reactor Test

No. 1(SPERT1) Facility.

Early research focused mainly on the
so-called “runaway power” accident. Testing
in four SPERT reactors led to an
understanding of several natural mechanisms
that resist runaway power conditions, SPERT
tests also led to the development of
improved reactor safety control systems.

Other major contributions to water reactor
safety research have been made by the
Power Burst Facility (PBF) and the
Loss-of-Fluid Test (LOFT) Facility. Tests
conducted at these facilities have provided
information about fuel and systems behavior
during various hypothetical accident
scenarios.

EG&G Idaho conducts the INEL's water
reactor safety research programs for DOE
and NRC. Some programs are funded
partially by foreign governments or private
institutions.

The purpase of these programs is to study
the behavior of nuclear power plants,
nuclear fuel, and reactor safety systems
during off-normal or accident operating
conditions. Equipment, procedures, and
operator performance are studied to reduce
the possibility of reactor accidents and to
reduce the extent of damage should an
accident oceut.

This research is conducted in accordance
with the nation’s policy to continue seeking
information to resolve safety issues related to
reactor design, licensing, and operation.

NUCLEAR REGULATORY
COMMISSION (NRC)
PROGRAMS

The INEL provides support to both the

research and licensing areas of the NRC, This
support is for NRC research efforts to provide
the technical basis for rulemaking and
regulatory decisions and to provide technical
agsistance in licensing decisions. Key

‘elements of NRC-sponsored research are

concentrated in experiment analysis;
development, assessment, and application of
analytical computer codes for describing
reactor systems and fuel behavior; and
age-related safety issues. The major goal of -
this combined program is to understand
various phenomena and assess analytical
models, thus providing a means of predicting
reactor behavior during operational
transients and postulated accidents.

NUCLEAR REACTOR
REGULATION

The INEL provides assistance to the NRC for
nuclear reactor regulation in such areas as
operating reactor licensing, regional reactor
operator licensing examinations, operating
license reviews, generic safety assessments,
unresolved safety issues, human factors
program fssues, and risk assessment.
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Semiscale Facility located
at the INEL Test Area North

INSPECTION AND
ENFORCEMENT

The INEL assists NRC in inspection and
enforcement by studying quality assurance
and quality control programs at selected
operating sites and by integrated design
inspections at nuclear power reactors under
construction, In addition, the INEL provides
technical support for NRC inspections of
manufacturers who supply basic reactor
components.

The INEL conducts drills for NRC Emergency
Response Operations Centers to test NRC
response to incidents at nuclear power
plants.



TECHNICAL INTEGRATION
CENTERS

In 1985, the INEL began consolidating the
many projects it administers for the NRC
Office of Nuclear Regulatory Research into a
few broad technical missions to facilitate the
integration of research work, Four areas were
selected: light water reactor (LWR)
thermal-hydraulics, severe accident behavior,
reactor aging safety research, and risk data
systems,

LIGHT WATER REACTOR
THERMAL-HYDRAULICS

Research in this arez includes developing the
Nuclear Plant Analyzer (NPA) and
maintaining and improving existing NRC
thermal-hydraulic computer codes,

The NPA system is being developed to assist
NRC in analyzing plant responses to actual
reactor accidents, The system combines
graphic representations of nuclear power
plants with various computer codes and data
sources to provide new analysis tools for
accident evaluation,

Maintaining and improving NRC
thermal-hydraulic computer codes are major
efforts, also. These codes are used to predict
sequences of events during hypothetical
reactor accidents and the potential
consequences. For example, INEL researchers
developed the Reactor Excursion Leak
Analysis Package (RELAP) code series, which
Is used extensively by nuclear regulatory
agencies and industries in the U.8, and
abroad. NRC uses RELAP codes and other

codes developed and impraved at the INEL - -

for licensing power reactors and for
establishing regulations and standards. The ..
codes are also used for engineering and
evaluating reactor systems and designs..

The experimental clement of this program.
addresses the effects of inadequately
understood thermal-hydraulic phenomena
Support is provided to the
two-dimensional/three-dimensional (2D/3D)
experimental effort to gain an understanding
of refill and reflood behavior, emergency
core cooling system performance, and data
for assessing the thermal-hydraulic codes,
Support is also pravided to the Rig Of Safety
Assessment (ROSA)V and Integral System
Test Programs, These experiments will

provide data for developing, assessing, and
determining uncertainties in
thermal-hydraulic computer codes,

SEVERE ACCIDENT
BEHAVIOR

This mission integrates the NRC's severe
accident research, assists in providing the
technical basis for resolving source-term
questions, and provides the basis for research
in accident management,
equipment/finstrument qualification, and
man-machine interface,

The Severe Accident Code Integration and
Development element provides a
mechanistic, fast-running computer code that
models severe accident progression within
the primary coolant system up to, but not

. indluding, vessel breach.

Through the use of computer codes and
experimental data, the severe accident
sequence analysis and research integration
element will perform tasks that include
providing technical guidance for
experimental and code development efforts
and providing pressurized water reactor and
boiling water reactor severe accident
sequence BHZIYSCS.

The final severe fuel damage test was
performed at the Power Burst Facility in
February 1985. Postirradiation examinations
and analyses are presently under way on this
and previous severe fuel damage
experiments to provide an understanding of
damage mechanisms, intermediate and final
damage states of fuel, retained fission
products, and fission product chemicat
forms

| REACTOR AGING AND

SAFETY RESEARCH

The NRC Is increasing its efforts to
understand the physical deterioration of
nuclear power plants so that adequate
criteria can be developed to ensure safe
operation of older plants.

To support the NRC in this area, the INEL is
establishing improved criterla, requiremnents,
and methodologies to qualify current and
future equipment and systems; establishing
critetia concerning aging to maintain
adherence to technical specifications; and
developing criteria to quantify the
characteristics of reactor aging.

RISK DATA SYSTEM

This INEL mission provides information to
improve Probabilistic Risk Assessments (PRAs)
and to obtain information from PRAs to
enhance the regulatory process. INEL
researchers use licensee event reports and
other dara to identify basic causes of
component fajlure in the safety systems of
reactors and to identify risk-dominant
sequences. '




he INEL is the leading center for
experimental breeder reactor
research in the (1.5, The research is
coniducted at the Argonne Natlonal
Laboratory-West (ANL-W} complex by the
University of Chicago under contract to the
Department of Energy-Chicago Operations
Office,

A breeder reactor is a nuclear power plant
that, like other power facilities, produces
heat for generating electricity. Unlike any
other power plant, however, the breeder 2lso
produces new fuel—more than it uses—as it
operates. In a breeder reactor, uranium-238,
the nonfissionable but more abundant part
of natural uranium, is converted into
plutonium-23¢, a man-made fissionable
element that can be used as a reactor fuel,

The Experimental

Breadar Reactor (EBR-),

the first pool-type
liquid-metal reactor

During the past several years, scientists from
Argonne National Laboratory have
developed an innovative design for an
advanced nuclear power plant, called the
Integral Fast Reactor (IFR). The plant appears
to be inherently safe and less expensive to
build and operate than previous reactors. It
also has a closed, self-contained fuel cycle
that appears to be economical and highly
resistant to diversion.

Much of the technology for the IFR is based
on the Experimental Breeder Reactor

It (EBR-I), the first pool-type liquid-metal
reactor, Metallic fuel was developed as the
driver fuel in EBR-IL. Technology
developments of the past decade have
radically improved the outlook for metallic
fuels and a pyrochemical fuel cycle, For
example:

— Metallic fuel can be designed now for
very superior irradiation performance;

— Recent metallurgical processing
discoveries and developments have
radically altered both the process itself
and the outlook for major breakthroughs
in fuel and blanket processing;

— Accumulating evidence from relatively
recent theoretical and experimental
investigations indicates superior inherent
safety characreristics for metallic fuel.




FACILITIES

The ANL-W complex includes seven major
operating areas, five reactors, and two fuel
examination facilities,

Experimental Breeder Reactor Il (EBR-II) was
originally built to demonstrate the feasibility
of operating a liquid-metal-cooled
fast-breeder-reactor power plant with on-site
fuel reprocessing. The facility also has been
used to irradiate reactor fuel and structural
material samples, testing their durability in
breeder reactor environments. This
information helps to improve fuel and
material performance for future breeder
reactors,

Operating as a power plant, EBR-I has
generated more than two million megawatt
hours of electrical energy through 1987.
EBR-II power is fed to the INEL grid,
supplying some 40 to 50 percent of the INELs
electrical power needs,

The Hot Fuel Examination Facility (MFEF)
comprises two adjacent hot cell facilities.
Each facility contains two heavily shielded
hot cells, one with inert gas atmosphere
(argon gas), the other with air atmosphere,
Each facility also includes unshielded repair
areas, laboratories, and equipment rooms.
HFEF/North provides highly reliable
alpha-gamma containment and protection,
This facility can accommodate
radioactive-material filled casks weighing up
to 50 tons and irradiated experiments up to
24 inches in diameter and 30 feet long,
HFEF/South has similar capabilities for
handling smaller components and assemblies,
It is currently being modified to demonstrate
pyrometallurgical reprocessing and
refabrication of metallic fuels for
liquid-cooled reactors, Operation is
scheduled to begin in 1990,

HFEF/North offers a broad range of services
for highly radioactive nuclear fuel assemblies
and reactor components, These services
indude pretest and posttest handling and
examination of irradiation experiments.
Handling operations include remote
assembly, disassembly, and reassembly of the
irradiation experiments, Examinations
include neutron radiography and
tomography, precision gamma-scanning,
profilometry and other dimensional
measurements, weight determinations, visual

and photographic examinations,
eddy-current nondestructive testing,
specimen gas sampling, and specimen
metallographic examinations (including use
of optical and scanning electron
microscopes),

The Neutron Radiography Facility (NRAD),
located in HFEF/Notth, is a nondestructive
examination tool, Using two collimated
neutron beams, produced by a 250-kilowatt
reactor, NRAD produces neutron radiographs
of internal conditions of highly irradiated test
specimens without physically cutting into the
specimen. Additionally, the reactor is used as
a neutron source for isotope production,
activation analysis, and radiation effects on
materials.

The Zero Power Physics Reactor (ZPPR)
provides reactor physics data for any type of
fast neutron spectrum reactor, from tiny
space-power reactors to huge breeder
reactors. The reactor being studied is built in

2 large lattice framework that is split at the

center, Each reactor is built full-size with the
proper reactor fuels and other materials, so
that extrapolation from the zero-power
measurements to full-power conditions is
readily achievable, Depending on the size of
the reactor, the core, blankets, reflectors,
plena, shields, and external reactor
components and instrumentation can be
loaded into the lattice framework, After the
two lattice halves are driven together, ZPPR
is brought to a low power, critical state by
control rads, Heat removal is by air flow over
the fuel elements. ZPPR's first nuclear
operation was in 1969.
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Technician loading fuel plates in
one half of the ZPPR core .

The Argonne Fast Source Reactor (AFSR) is
used to calibrate instruments and to study
fast reactor physics, augmenting the ZPPR
research program. The facility began
operating in 1950 as a neutron source used in
developing improved instruments and
techniques. AFSR has a design power of one
kilowatt.

The Transtent Reactor Test (TREAT) Facility is
a uranium-oxide-fueled, graphite-moderated,
air-cooled reactor designed to preduce short,
controlled bursts of nuclear energy. The
purpose is to simulate accident conditions
leading to fuel damage, including melting or
even vaporization of test specimens, while
leaving the reactor’s “driver” fuel
undamaged. Such tests provide data on
fuel-cladding damage, fuel motfon,
coolant-channel blockages, -
molten-fuel/cootant interactions, and
potential explosive forces during an accident.
These data help in determining the
consequences of accident conditions,
refining computer simulations of reactor
accidents, and, ultimately, designing reactors
with greater inherent safety,




he Test Reactor Area (TRA),

operated by EG&G Idzho, is among
the world’s largest and most
sophisticated materlals testing complexes.
The TRA complex houses extensive facilities
for studying the effects of radiation on
materials, fuels, and equipment,

ADVANCED TEST
REACTOR

The Advanced Test Reactor (ATR) is located
“at TRA. The main purpose of the ATR is to
simulate a prototypical reactor test
environment for the study of radiation on
materials,

ATR produces an extremely high neutron
flux (up to 1x 10 nfem?fsec) for testing the
durability of reactor fuels and materials,
These tests determine how fuels and
matetials—relatively unaffected in more
conventlonal environments—react when
bombarded with streams of neutrons and
gamma rays in high pressure and high
temperature conditions. Data that would
normally require years to gather from
ordinary reactors can be obtained in weeks
or months by using ATR's high neutron flux
capability.

The 250-megawatt reactor core has a unique
fourleaf-clover design. The four-lobed core
delivers a wide variation of power levels to
nine main test spaces. Each main test space,
or loop, has its own separate environtnent
apart from the main core of the reactor. This
allows nine individual experiments to be
conducted simultaneously. Additional smaller
test spaces surrounding the loops allow even
more experiments to be conducted
independently.

In recent years, available space in the reactor
has been utilized to produce radioisotopes to
support the increasing needs of medicine,
industry, and research, ATR has achieved
new milestones in the production of the
following radioisotopes:

— Cobalt-60, for use as a source for cancer
radiation therapy and process irradiators

— Gadolinium-1s3, for use in dual-photon :
absorptiometry diagnostic equipment '

— Nickel-63, for use in the production of i
“beta cells” for long-lived, more reliable
power sources for control circuits

— Iridium-192, for use as an industrial
radiography soutce,

ADVANCED TEST
REACTOR CRITICAL
FACILITY

The Advanced Test Reactor Critical {ATRC)
Facility is a low-power (5 kW maximum
power), full'size nuclear duplicate of the
ATR, designed to provide physics data in
support of the ATR program, Typically, the
ATRC provides data for

— Reactivity effects of the insertion and
removal of experiments using nuclear
duplicates of the ATR tests

— Experiment void reactivities

— Capsule experiment reactivities using
prototypes '

— Thermal and fast neutron fAlux
distributions

— Gamma heat generation rates
— Fuel loading requirements,

The ATRC also tests new ATR design and
experiment concepts,



TEST REACTOR AREA
HOT CELL FACILITY

The TRA Hot Cell Facility supports ATR and
also Waste Management programs. Three
hot cells within the facility are equipped
with remotely operated machine tools,
measuring Instruments, and master-slave
manipulators, This equipment is used for
metallurgical study and irradiated sample
testing.

NUCLEAR PHYSICS
RESEARCH PROGRAMS

Special nuclear physics research programs are
conducted for DOE at TRA laboratories to
measure and evaluate the physics parameters
required for advanced reactar concepts,
These programs include

~— Measuring the radioactivity and decay
properties of radionuclides important to
fission and fusion energy programs

~ Participating in an internationally
coordinated reseatch program to improve
the base of precise decay data for
important radionuclides

— Developing improved techniques to
measure the properties of radionuclides

— Evaluating data to incorporate in the
Nuclear Data Sheets, which contain the
recommended values for the decay
properties of radionuclides.

ADVANCED
REACTIVITY
MEASUREMENT
FACILITY AND
COUPLED FAST
REACTIVITY
MEASUREMENT
FACILITY

The Advanced Reactivity Measurement
Facility (ARMF) and the Coupled Fast
Reactivity Measurement Facility (CFRMF} are
two small pool reactors that are operated at
mazximurm power levels of 100 kW and
produce neutron flux levels up to

1 x 10 n/em3/sec,

The ARMF and CFRMF reactors provide
irradiation services for research and materials
testing that include neutron radiography,
nchdestructive hydrogen determination,
uranium-235/uranium-238 fuel assay, fast
neutron damage, activation analysis, and
reactivity measurements.

10

The 250 megawatt ATR core

RADIATION
MEASUREMENTS
LABORATORY

The Radiation Measurements

Laboratory (RML) is a2 modern, well-equipped
radivanalytical laboratory specializing in
qualitative and quantitative measurements of
alpha, beta, gamma, and neutron radiation, It
develops and uses state-of-the-art radiation
measurement instrumentation and analysis
technigues to support a broad variety of
INEL programs.

RADIOCHEMISTRY
LABORATORY

The EG&G 1daho radiachemists at TRA are
responsible for radicanalytical support to the
Radiation Measurement Laboratory (RML)
and numerous independent R&D areas as
well.

Investigations are under way to produce and
purify medical radioisotopes, study the
effects of radiation on hazardous wastes, and
partition actinides from highly radicactive
fission product wastes for long-term
management of nuclear wastes, In addition,
custor analysis of such interesting



radioisotopes as lodine 129, Telerium 141,
Strontium 141, and environmental level alpha
emitters insplres the development of
improved techniques at this facility, Nine
laboratories and a-special chemical hot-cell
cave provide facilities for these efforts.

THE POWER BURST
FACILITY (PBF)

Located southeast of TRA, the Power Butst
Facility (PBF) is a one-of-akind facility. It is
the only reactor in the world that can
perform rapid power changes on the order
of milliseconds, perform severe rod fuel burst
tests, and simulate loss-of-coolant accidents
within a special assembly that fits inside the
main reactor core. '

The initial mission for PBF was in the testing
of light water reactor fuel rods under
representative accident conditions, Data
from these tests were used to develop and
validate fuel behavior computer cades for
the Nuclear Regulatory Commission. These
tests were completed in 1985, and the reactor
was placed on standby status pending new
programs.

Although officially on standby status, the PBF
reactor, because of its unique capabilities, is
currently being considered for use in several
defense-related programs and for use ina
brain cancer treatment program called Boron
Neutron Capture Therapy (BNCT). The
BNCT Program would be used to treat
patients with glioblastoma multiforme—a
form of brain cancer that kills approximately
4,000 peaple per year in the United States,

_BNCT uses neutrons to bombard and kill
‘cancerous cells. The treatment requires an
intense source of epithermal neutrons, or
neutrans in between the low-energy level
produced by thermal reactors and the
high-energy level produced by fast reactors,
With madification, the PBF reactor could be
made to produce epithermal neutrons to
treat patients in approximately 10 minutes,
and in sufficient quantity to treat hundreds
and possibly up to thousands of patlents per
year,

PBF is a one-of-a-kind facility

"




CHEMICAL
PROCESS/I
PLANT

ince 1953, the Idaho Chemical

| Processing Plant (ICPP) has

7 recovered uranium from

spent (used) nuclear fuel assemblies, largely
from government-owned reactors. The fuel
processed to date totals more than 24,300
kilograms of uranium-235 valued, at today’s
prices, at more than one billion dollars.
Secondary ICPP functions are to recaver
valuable rare gases and develop improved
fuel processing and waste management
methods. Westinghouse Idaho Nuclear
Company (WINCO) operates the ICPP for
the Department of Energy Idzho Operations
Office and employs more than 1400 people,

The ICPP was the first Facllity in the free
world to

— Reprocess highly enriched pure uranfum -

on a preduction basi;

— Process breeder reactor fuels, such as the
EBRI Core 1

— Dissolve spent nuclear fuel assemblies
continuously on a routine schedule

— Use fixed and soluble neutron poisons for
criticality control

— Store high-level acidic liquid waste in
stainless steel tanks

— Solidify (calcine) highly radioactive waste
liquids en both plant and production
scales

— Store solidified, high-level radicactive
waste in stainless steel storage bins

— Operate a dry storage facility for
{rradiated fuels

— Operate a radioactive rare gas recovery
plant in conjunction with a fuel recovery
process

— Show that multiple head-end processing
of various fuels is compatible with
comimon second- and third-cycle
purification -
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— Process graphite-base fuels as a
demonstration,

ICPP facilities include spent fuel storage and
reprocessing areas, a waste solidification
facility, calcine storage bin sets, a waste

~ disposal building, remote analytical

laboratories, service waste percolation ponds,
and a coalfired steam-generating facility
providing process and space heat.

URANIUM RECOVERY

When a reactor is operated, uranium atoms
in the fuel split, or fission, to create energy.
Fissioning also creates radioactive waste
products (fission products) inside the fuel
elements. After a time, but before all the
uranium atoms are consumed, the
radioactive fission products build up, causing
inefficient use of the fuel. At this point,
spent fuel elements are removed from the
reactor, and new fuel elements are installed.
Test reactor fuel elements may be replaced
when only 25 to 35 percent of the fissionable
uranium has been spent, The valuable
unused uranium is recovered from the spent
fuel and used in new fuel elements.

ICPP operations recover uranium from
reactor fuels encased, for example, in
aluminum or stainless steel alloys or graphite.
Radioactive waste products in the fuel are
separated from the vranium during
processing.

The ICPP processes highly enriched
fuels—those where the fissionable
uranium-235 isotope concentration has been
artificially increased from the o.7 percent
found in natural uranium ore to between 20
and go percent,

Plant operations also help recover the
valuable inert gas, krypton-8s, which s used
in many nonnuclear industries, such as
electronics for flaw detection,




The processing sequence begins when spent
government reactor fuel assemblies are
brought in shielded casks to the ICPP via rail
or truck, The assemblies are removed from
the casks for underwater storage in fuel
recelving and storage stations,
Graphite-matrix fuel assemblies and
liquid-metal reactor assemblies are stored
above ground or below ground in special dry
storage facilities.

Following storage and cocling, the fuel
assemnblies are transferred to fucl processing
operations. Here, the assemblies are dissolved
in liquid acid solutions containing nuclear
poisons for criticality control. The acid type
depends on the fuel and its cladding, The
ICPP has multiple processes to dissolve
several fuel types.

Once dissolved, the fuel, in 2 now aqueous
solution, passes through an organic solvent,
which selectively extracts the uranium and
separates it from the radioactive fission
products. The uranium is then stripped from
the organic solvent by a different aqueous
solution and further purified by passing
through two additional solvent-extraction
cycles using another organic solvent.

The purified uranium product is
uranyl-nitrate solution, essentially free of all
fission products and other impurities, The
uranyl-nitrate is denitrated to uranium-oxide
powder and transported to govemment
facilities at Qak Ridge, Tennessee, Further
processing follows, and the uranium is
ultimately remanufactured into reactor fuel.

ICPP FACILITIES

WASTE CALCINATION

Since 1963, the ICPP has processed highly
radioactive acidic liquid waste from its
operations into a safer solid form requiring
about one-eighth the storage space. The first
Waste Calcining Facility, originally designed
as a pilot demonstration plant, operated as
the nation's first plant-scale production
facility for more than 18 years. During that
time, more than 4 million gallons of waste
liquid were converted into solid form.

The New Waste Calcining Facility became
operational in 1982, and 15 the nation’s first
full-scale facility to convert highly radiocactive
liquid waste to solid form. In addition to
increasing the ICPP’s radioactive waste
management capabilities, this facility
incorporates new technologies in the areas of
fluidized-bed calcination, off-gas cleanup,
remote operations, and decontamination
methods.

13

The process begins with the waste solutions
being sprayed as a fine mist into a chamber
containing heated granules about the size of
coarse sand, A controlled airflow through the
material has the effect of “fluidizing” and
circulating the granular bed within the
chamber. Heat evaporates the water and
deposits dissolved aluminum and
fisston-product nitrates as coatings on the
granules, As the particle size increases, the
violent agitation continuously chips small
fragments off the granules. Some fragments
are carried as fine dust into the calciner's
off-gas cleanup system while some remain in
the chamber to form seed for new granules,

Calcined solid storage site
undear construction



Solid, nonfragmented granules are carried by
airflow through a shielded underground tube
Into stainless steel storage bins located inside
concrete vaults,

There are six sets of calcine bins, and a
seventh set is nearing completion. New
storage facilities are needed about every
three years to meet production
requirements. All calcine is retrievable to
allow further processing or offsite transport.
Research continues to evaluate the feasibility
of various compaction and encapsulation
alternatives to provide permanent storage,

The ICPP is not intended to serve as a
permanent high-level waste storage facility,
Eventually, the waste will be moved to a
federal repository.

FLUORINEL DISSOLUTION
AND FUEL STORAGE
FACILITY

The new Fluorinel Dissolution and Fuel
Storage Facility (FAST) augmentsand -~ °
improves existing and aged ICPP operations.
The multi-level, 120,000-square-foot facility
recelves, stores, and dissolves used nuclear.
fuel assemblies from govemment-owned
reactors. The uranium recovery payback is

expected to cover the facility's construction

costs by the early 1ggos. -

Fuel casks, brought to FAST by rail or tmd:,
are first cleaned and then put in an

unloading pool. While underwater, the casks
are openced and fuel assemblies are removed -

by cranes and transferred into one of six fuel

storage pools. While stored, decay heat from:
fission products inside the fuel assemblies is -

released and captured by facility processes to
help heat the building. When ready for -
dissolution, the fuel assemblies are:-
transferred underwater to the dissolver cell,

Once dissolved, the aqueous solution is
piped to other ICPP process areas where the
usable uranium is chemically extracted from
the fission products {see Uranium Recovery
section).

FAST operations employ versatile and

remotely replaceable equipment throughout.

This maintenance system keeps employee
radiation exposure low and reduces facility
downtime.,

REMOTE ANALYTICAL
LABORATORY

The Remote Analytical Laboratory {RAL) at
the ICPP incorporates the most modem and
sophisticated analytical chemistry techniques:
to support analyses of process operations at
the ICPP. The laboratory complex includes a
hot cell for analyzing highly radioactive
substances. The cell is 50 feet long, 20 feet
wide, and has 17 master/slave manipulatars
and ¢ shielded viewing windows.

Encapsulated samples from processing
facilities are transferred to the RAL via an
air-actuated pneumatic transfer system at
speeds up to 50 feet per second. This rapid
sample transfer system minimizes the time
between taking the samples and performing
the analyses while reducing radiation
exposure to workers, Results from the
analyses are relayed between the RAL and
the operating facility by interactive computer

© systems,

The new RAL replaces an earlier analytical
chemistry facility whose useful function had
become limited after more than 30 years of
service, '

FUEL PROCESSING FACILITY

Construction has started on the final facility
necessary to bring about a complete upgrade
of the ICPP. Excavation for the Fuel
Processing Facility began in April 1986,
Completion of construction is now
scheduled for 1993, The Fuel Processing
Facility (FPF) will increase uranium recovery
by more than a factor of four over present
capability. The FPF also will allow increased
on-stream availability through remote
maintenance and equipment replacement
and will permit more positive control of
effluent. Safety, security, and rigorous design
standards are being incorporated into the
design and construction of the FPF,
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SPECIAL ISOTOPE

SEPARATION PROJECT

The ICPP has been chosen as the DOE's
preferred site for the new Special Isotope
Separation (SIS) Project. SIS would use
high-technology lasers to remove unwanted
isotopes from government stocks of
fuel-grade plutonium. An offictal decision
concerning the building of SIS is expected in
late-1g88,




The RWMC receives two basic types of solid
radioactive waste:

" : E . ? — ‘Iransuranic (TRU) waste is contaminated

with transuranic nuclides such as
plutonium-239, an alpha emitter, and have
a half-life of more than 20 years, TRU
waste at the RWMC comes from national
defense and research programs at the
INEL and other DOE laboratories.

§ arious strategies of waste storage, — Low-level waste is contaminated with
processing, and disposal are beta- and gamma-emitting radionuckides,
studied by Waste Management "This waste generally has low radiation

personnel in support of the research and levels and decays to near background

development activities at the INEL, EG&G
Idaho operates the facilities built to manage
the wastes housed at the INEL for the DOE
{daho Operations Office,

levels in a relatively short time. Low-level
waste currently Is received at the RWMC
almost exclusively from INEL operations,

RADIOCACTIVE WASTE o o

Aarial view of Radioactive Waste
MANAGEMENT fManagement Complex
COMPLEX

Storage and disposal of solid radioactive
waste generated in national defense and
research programs are major areas of work at
the Radioactive Waste Management
Complex (RWMC),

16




TRANSURANIC WASTE
MANAGEMENT

Solid TRU waste, which includes such items
as cloth, paper, plastics, metal, rubber, sludge
and concrete, is stored at the RWMC on
above-ground asphalt pads or in steel pipe
vaults.

Since 1970, TR waste has been stored on
asphalt pads at the Transuranic Storage

Area {TSA). The waste is contained in
55-gallon steel drums, fiber glass-covered
wooden boxes, or steel bins, The containers
are stacked on the pads in cells separated by
earthen walls and covered with plywood,
tough polyviny! plastic, and two to three feet
of soil. During storage operations, a pad is
covered with an air support building to
protect workers and the waste containers
from weather until the pad is filled and the
waste is covered with soil.

The T5A has two pads, each measuring 150
by 750 feet. The first pad was filled and
closed in 1975,

TRU waste that must be remotely handled is
placed in steel pipe vaults at the
Intermediate-Level Transuranic Waste
Storage Facility within the TSA. About one
percent of the INEL-stored TRU waste is
placed in these vaults,

A major goa!l of the DOE radioactive waste
management program is to remaove all
retrievable TRU waste from the INEL and'
place it in 2 federal repository. Starting in
198g, INEL TRU waste is scheduled to be’
transported to the federal Waste Isolation
Pilot Plant (WIPP) In New Mexico for
permanent disposal. Before TRU waste can
be transported from the INEL, it must be
retrieved and examined to verify that the
waste and the waste containers meet WIPP
waste acceprance criteria,

Two experimental pilot plant facilities have
been constructed at the INEL to prepare
INEL TRU waste for acceptance at the WIPP.

The Stored Waste Exarnination Pilot

Plant’s (SWEPP) primary objective is to
nondestructively examine and certify
INELstored TRU waste for WIPE. SWEPP is
the first U.S. facility performing such
exarnination and certification. Examination
of waste and containers includes weighing,
real-time radiography examination, neutron
assay, container integrity examination, and
radiologlcal surveys. Waste and containers
certified for disposal at WIPP are in interim
storage until transportation starts.

Waste containers not meeting WIPP waste
acceptance criteria are sent to the Process
Experimental Pilot Plant (PREPP) located at

‘the INEL Test Area North. Here, uncertified

waste undergoes waste container shredding,
rotary kiln incineration, and product
immobilization in a grout mixture, The final
product, a cemented s55-gallon drum, is then
sent to SWEPP for neutron assay and
certification, and finally sent to WIPP for
permanent disposal. Processing of other
waste forms, incdluding hazardous and
classified materials, is also being
demonstrated by PREPP.
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LOW-LEVEL WASTE
MANAGEMENT

Existing since 1052, the RWMC has
developed technology to safely dispose of
the low-level waste (LLW} generated by the
INEL,

LLW primarily consists of protective clothing,
paper, rags, packing material, glassware, and
contaminated equipment. These materials
are either contaminated with radicactive
nuclides or contain radicactive activation
products from nuclear reactions, Most of
these materials have low radiation levels,
normally around 20 mR/h or less, at three
feet from the container surface,

An education and training program is in
place at the INEL to help minimize the LLW
at the points of generation, Waste is
segregated and separated into various
categories to best utilize disposal and
processing operations.

When received at the RWMC, LLW
shipments are surveyed for contamination,
radiation levels, and compliance with
approved packaging criteria for acceptance,
The waste containers are then placed in the
Subsurface Disposal Area or in soil vaults
depending upon the waste container and
radiation: level.

As part of a greater confinement technology
program, the RWMC is actively pursuing a
contaminated-soil grout-development
program. This program will improve disposal
space efficiency and stabilize LLW disposal
sites as they are filled. Completion of this
program is expected to extend the life
expectancy of the area, minimize the
migration of radionuclides, and reduce the
maintenance efforts required for unstabilized
areas.

To further extend the disposal life of the
RWMOC, a concerted effort has been made to
identify and develop methods to reduce the
volume of LIW at the INEL,

The Waste Experimental Reduction
Facility (WERF) has been established at the
PBF area, nine miles northeast of the
RWMC, to process LIW, It js the most
comprehensive reduction-scale treatment
facility in the DOE system.




At WERF, four methods of volume reduction
are used:

— Contaminated metal is sized at a rate of
several tons per year to reduce the
volume it occupies. The volume
reduction averages arate of 4 to 1.

~— Contamninated metal is melted and cast
into ingots. This volume reduction is
4101,

— Noncombustibles are compacted,
achieving a volume reduction of 510 to 1.

— Contaminated combustibles are
incinerated, achieving a volume reduction
of over 200 to 1,

Another process developed at WERF is the
ash solidiffcation process. Grout is added to
the ash from the incinerator to stabilize the
end product. Waste Engineering
Development is developing methaods to
stabilize unusual waste forms and mixed
hazardous waste.

NATIONAL LOW-LEVEL
WASTE MANAGEMENT

The INEL is the lead laboratory for the DOE
Low-Level Waste Management Program,
which provides management and technical
assistance to support the disposal of low-level
radioactive waste, Established in 1979, the
National Low-Level Waste Management
Program divides activities into two areas,
Defense and Nuclear Energy.

The Defense Program provides a central
organization to assess DOE-wide needs,
coordinate technology development
activities to meet those needs, and promote
the use of improved technology at DOE
facilities, Specific program objectives are to
ensure operation and maintenance of active
and inactive DOE low-level waste disposal
sites while protecting public health and
safety to meet applicable criteria and
standards for isolation of low-level waste
from the biosphere,

The mission of the Nuclear Energy LLW
Management Program is to assist states and
regions in establishing an effective
nationwide LLW management system.
Program objectives are

— To provide technical assistance to states
and regions,

— To manage assigned responsibilities for
surcharge rebates and unusual volume
allocations and provide oversight for LLW
management Systern progress,

— To develop recommendations and plans
for ensuring the safe disposal of
Greater-than-Class C LLW.

The technical assistance tasks provide
technical expertise, information, technology
development, and other technical resources
to states and regions to support their
development of LLW management facilities.
The Greater-than-Class C LLW disposal tasks
provide for preparation of DOE’s
recommendations and plans for ensuring the
safe disposal of Greater-than-Class C LLW.
The Program Integration tasks provide for
management, administration, planning, and
coordination of Program activities.
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SPENT FUEL
PROGRAMS

spent Fuel Programs comprise several
research and development programs for
spent fuel management being conducted by
the DOE at the INEL. The Nuclear Waste
Policy Act of 1982 directed DOE to establish a
national system for disposal of commercial
spent fuel and high-level radioactive waste,
The Office of Civillan Radioactive Waste
Management was established within the
DOE to implement the act. The purpose of
Spent Fuel Programs is to demonstrate the
feasibility of packaging, transporting, storing,
and consolidating aged spent fuel in support
of DOE's program for permanent disposal.

The Spent Fuel Storage Cask Testing Program
has demonstrated dry-storage cask
performance for spent fuel from pressurized
water reactors, This work is being performed
for the DOE with some actlvities sponsored
under a cooperative agreement with Virginia
Power and the DOE,

The objectives of the Program are

— To test and demonstrate dry storage casks
containing either unconsolidated ot
consolfdated fuel rods, using a range of
cask designs and materials;

— To provide loaded cask performance data
that can be used by utilities to facilitate
licensing at reactor dry storage
installations and that can be used by the
NRC for licensing dry storage by generic
rule.

The Test Area North (TAN) Hot Shop is used
to receive the shipping casks containing
spent fuel and to transfer the fuel into
storage casks by remote handling. The
storage casks are then moved into the TAN
Warm Shop for testing of containment,
shielding, heat transfer, and design. After the
testing is completed, the casks are
transferred to a newly constructed test pad
near the Hot Shop for long-term monitoring.
The monitoring and testing will provide data
on the condition of the casks and spent fuel
during long-term outdoor storage,



In conjunction with the Cask Testing
Program, a Dry Rod Consclidation
Technology (DRCT) Project has been
completed at the INEL. The DRCT
developed and operated semiautomatic
remote equipment designed to demonstrate
the dry horizontal consolidation of 15 x 15
Pressurized Water Reactor (PWR) spent
nuclear fue] assemblies. Forty-eight PWR fuel
assemblies were consolidated into
twenty-four canisters, The consolidated
canisters are being utilized in the DOE Spent
Fuel Storage Cask Testing Project to
determine cask performance with
consolidated fuel. The data collected will
directly benefit the Prototypical
Consolidation Demonstration Project (PCDP).

The PCDP will demonstrate production-scale
rod consolidation of commercial fuel
assemblies, The rod consolidation equipment
developed during this project will provide a
standard for future selection of licensable
equipment to be used at high-level waste
repositories or a Monitored Retrievable
Storage (MRS} facility. This project will
consolidate approximately 200 fuel
assemblies (approximately 100 Pressurized
Water Reactor and 100 Boiling Water Reactor
assemblies} in a hot demonstration. The
private sector has been involved in the
design of the hardware for the consolidation
process.

HOT CELLS

The Hot Cells are located at Test Area
North (TAN).and at TRA, QOperators use
specialized tools and state-of-the-art
technology for the disassembly and detailed
analyses of irradfated materlals,

The Hot Shop at TAN is the world’s largest
hat cell, measuring 51 feet wide by 165 feet
long by s5 feet high. Its 7foot-thick concrete
walls and 6-foot-thick windows afford
protection to personnel involved in the
examination, handling, analysis, or
disassembly and assembly of highly
radioactive or contaminated assemblies,
including reactor systems. Recently, the Hot
Shop was utilized for the transfer of spent
fuel from the shipping casks to the storage
casks.

Located within the same building and
immediately adjacent to the Hot Shop are
several smaller hot cells and other facilities
that supplement the capabilities of the Hot
Shop. The TAN Hot Cell is the facility where
Dry Rod Consolidation hardware was
recently tested. Within the Hot Cell, all work
was performed remotely and recorded on
video cameras for data collection.

Another specialized feature of the TAN Hot
Cells is a Scanning Electron

Microscope (SEM). In addition to providing
images magnified up to 300,000 times, the
SEM can perform both qualitative and
quantitative elemental analyses on atomic
numbers down to oxygen.

The Water Pit has become the interim
storage area for several research and
development activities at TAN. Fuel
skeletons from the Dry Rod Consolidation
Project are stored in the Water Pit. Another
specific use is the storage of irradiated
materfals taken from the Three Mile Island
Unit 2 (TMI-2) accident cleanup effort. An
estimated 125,000 cublc feet of core debris
will be placed in stainless steel canisters at
TMI-2 and transported to the INEL for
research and storage in the Water Pit Many
samples of the Three Mile Island materials
were also examined in the Hot Cells. Data
were collected to help determine the
composition of the core after the accident.
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A Warm Shop, immediately adjacent to the
Hot Shop, 1s used for direct-contact handling
of assemblies with low to medium radiation
or contamination, Railroad tracks connect
this shop to the Hot Shop and other facilities
at the TAN area, The Warm Shop is the site
for much of the testing and monitoring of
the spent fuel storage casks.

The TRA Hot Cells are used primarily for
beta-gamma radiation work, e.g., radioactive
metallography. One cell contains specialized
mounting, grinding, polishing, cleaning, and
etching equipment. Other equipment
includes two shielded metallographs,
monocular and stereoscopic periscopes, thin
sectioning saws, and vacuum impregnation
equipment,




CASK SYSTEMS
DEVELOPMENT
PROGRAM

Cask Systerns Development Phase I includes
the development of prototypical spent fuel
and radioactive waste casks required by the

* DOE for civillan radioactive waste transport,
Three initiatives will allow the DOE to
ensure the availability of certified casks for
the following uses: :

— Shipments of spent fuel and consolidated
fuel rods from most reactors to facilities
in the federal disposal system

— shipments of spent fuel between an MRS
faclity and a repository in an integrated
disposal system

— Shipment of nonstandard spent fuel and
nonfuel materials from reactors or other
facilities to federal disposal facilities.

These cask initiatives are respectively
referred to as From-Reactor Casks,
From-MRS-to-Repository Casks, and
Nonstandard Spent Fuel and Components
Casks. The term “cask” includes not only the
packaging or cask, but also the tie-downs,
vehicular conveyance, and associated
ancillary equipment.

Cask Systems Development Program (CSDP}
Initiative 1 consists of procurement action
from private industry which will result in a
family of NRC-certified prototype casks. The
activity will include cask preliminary design,
detailed design and engineering, test model
and prototype fabrication (trailer and railcar
included), quality assurance inspection,
component testing, certification by the NRC,
and startup and acceptance testing of the
configuration. The activity will be performed
for at least two legal-weight
truck-transported cask designs. Three designs
will be completed for casks which can be
transported by rail or barge.

Spent-fuel casks developed under this
program will be certified by the NRC, The
cask contractor will be responsible for
obtaining a valid Certificate of Compliance
on behalf of DOE from the NRC for the cask
being developed before the prototype cask
will be fabricated. CSDP will provide
assistance in resolution of broad technical
issues that may arise during the design
certification process through its procedural
agreement with the NRC and through
applied-technology tasks sponsored by the
DOE Office of Civilian Radioactive Waste
Management.
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ur major installations make up the
Naval Reactors Facility (NRF). These
= are the Submarine Prototype (S1W),
the Large Ship Reactor {AaW), the Natural
Circulation Submarine Prototype ($5G), and
the Expended Core Facility (ECF). NRF is
operated for DOE and the U8, Navy by
Westinghouse Electric Corporation under
jurisdiction of DOE’s Pittsburgh Naval
Reactors Office:

It was in the S1W, originally called the
Submarine Thermal Reactor, or STR, that the
United States Nuclear Navy was born. The
project, aimed at freeing naval vessels from
their need for refueling at sea or frequent
returns to port, achieved success with an
initial power run in the Nautilus prototype

on May 31, 1953. -

A subsequent test simulated a nonstop
voyage from Newfoundland to Ireland,
submerged and at full power, This proved
atomic propulsion of ships was feasible and
that the Naulilis, long before it set out to sea,
could do remarkable things, such as a later
accomplishment of subnavigating the polar
cap from the Pacific to the Atlantic,

The next logical step was to develop a
prototype for surface ships, However, other
problems, including the necessity of proving
reactors can be teamed up to drive one
turbine, remained to be solved. In the late
19508, the AIW attained criticality and
full-power aperation of both reactors. The
aircraft carrler Enterprise and the missile cruiser
Long Beach were the first ships powered by the
A1W-type plants. One of the A1W reactor
plants was modified in 1972 to provide test
and prototype operation of a new-type
reactor design, which has since been used in
the newest aircraft carriers like the Nimilz,
Eisenfiower, and Vinson.
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In addition to the major technological studies
made at NRF, the three Nuclear Prototype
Plant Facilities (S1W, A1W, $5G) are used to
provide a comprehensive nuclear plant
operational training program, Numerous

. naval officers and enlisted personnel have

received training in operation of nuclear
power plants at this site, and continuing
training will provide personnel to operate
the current and future naval
nudear-powered ships.

S1IW PROTOTYPE PLANT

Started in 1953, the S1W Facility still houses
the prototype of the Nautilus, although the
testing program has changed from simulating
the Nautilus power plant to testing advanced
design equipment with prototypes of new
systems for current nuclear projects to obtain
data for future naval vessel power plants,




A1W PROTOTYPE
PLANT

The A1W is a prototype facility consisting
basically of a dual pressurized water reactor
plant within a portion of a steel hutl, built to
simulate the aircraft carrier Enterprise. All
components could withstand seagoing use.

Operational since 1958, this nuclear plant {s
the first to have two reactors powering one
ship propeller shaft. The prototype powers
the plant’s propeller shaft through a
single-geared turbine propulsion unit, New
advanced cores and equipment have
replaced many of the original components.
This plant has the capability of, and is
presently operating with, reactor plants of
two different reactor designs operating
independently. Thus, flexibility and
operational experience are provided for both
testing purposes and training naval
personnel.

S5G PROTOTYPE PLANT

First operated in 1965, the 85G is a prototype
pressurized water reactor that can operate in
either a forced circulation or a natural
circulation flow mode where cooling flow
through the reactor is caused by thermal
circulation rather than by pumps. Using
natural circulation improves plant safety,
simplifies plant design, increases reliability,
and reduces noise level,

To prove that the new design concepts
would work in an operating ship at sea, the
prototype plant was installed in an actual
submarine hull section capable of simulating
the rolling motions of a ship at sea.

EXPENDED CORE
FACILITY

The Expended Core Facility (ECF), also
operated for DOE and the U.S. Navy by
Westinghouse, recefves, examines, and
prepares naval expended cores for
reprocessing.

Another ECF activity is to handle and
examine irradiation tests (small-scale
representations of current or future core
designs) in the INEL's Advanced Test Reactor,

providing test information for design
personnel at the Bettis and Knolls Atomic
Power Laboratories,

Part of the building contains deep,
water-filled pits for safe underwater
disassembly, examination, and preparation
for analysis of radioactive components and
irradiation tests. Portions of the disassembled
components are sent to hot cells within the
building for further examination and testing.
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The United States Nuclear Navy
was born at the INEL.



INDUSTRIAL
ENERGY

CONSERVATION

he INEL Industrial Energy
Conservation Program is aimed at
il finding new ways to help U.S.
industries conserve fuel, improve
productivity, and improve the nation's
competitive position. Industry currently uses
about 37 percent of the energy consumed in
the U.S. According to some estimates,
widespread adoption of successful
technologies being developed through the
Department of Energy Industrial Energy
Conscrvation Programs at the INEL and
elsewhere could conserve more than three
qiradrillion Btu’s each year, This translates
into a savings of about #12 billion annually.

The INEL program includes in-house research
and development as well as contracting,
planning, and coordinating programs
performed by universities and industrial firms
throughout the WS, Specific activities include
research and development for new waste
heat recovery technologies, increased
combustion efficiency, industrial heat pump
technologies, new autornated process control
systems, advanced separation processes,
waste products utilization, advanced iron
and steel production and manufacturing
technologies, advanced aluminum reduction
and production technologies, and
energy-integrated farm practices.

In addition, the INEL has been appointed
lead laboratory for the Thermal Sciences
portion of the DOE Energy Conservation and
Utilization Technologies (ECUT) Program.
Program development and research activities
in heat and mass transfer as well as
thermodynamics and fluid systems are
currently under way, The INEL's newly
installed CRAY-XMP/24 supercomputer is
used extensively to support the analytical
development that is a major part of the
ECUT program. The INEL also has projects in
the Materials and Biocatalysis areas of the
ECUT program.

ELECTRIC VEHICLE

The purpose of the DOE Electric and Hybrid
Vehicle Testing Program is to test the
performance of various battery types and
other equipment to help determine the
future role that electric vehicles may play in
the U5,

INEL researchers work with the enginecring
divisions of major automobile manufacturers
to test newly designed batteries and drive
trains, A computer-controlled dynamometer
is used in the laboratory to simulate actual
driving conditions.

A prototype rendering of an
electric van.
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GEOTHERMAL

The INEL is a leading center for geothermal
energy expertise and technology
development, One major area of activity is
the Injection Research Program, which is
designed to provide a better understanding
of the characteristics of geothermal reservoirs
.in underground fractured rock structures.

Other areas involve developing and
coflecting technical information for transfer
to various state agencies and to the private

sector, researching and developing advanced

geothermal power plant concepts, and
providing technical support to other
government agencies in developing
geothermal resources.

HYDROPOWER

The National Small Scale Hydroelectric
Technology Development Program,
administered by DOE-ID, provides technical
assistance and cost-sharing for the
development of small-scale hydroelectric
projects throughout the (.S, Successful
projects have been developed in Arizona,
California, Florida, Idaho, Maine, Michigan,
New Hampshire, New Jersey, New York,
South Carolina, Texas, Vermont, Virginia,
Washington, and Wyoming. These projects
demonstrate the technical and economic
feasibility of small-scale hydroelectric
systems.

TECHNOLOGY
TRANSFER

Federally funded research and development
programs produce discoveries, products, and

processes that have applications outside the . -
confines of the laboratory. Part of the INEL .+
mission is to ensure that these technologles ™ .

are used by (S, businesses and industries
and by state and local governments. It is in
the interest of national productivity and
competitive position 1o encourage domestic
businesses to use the resources of the federal
laboratory system.

‘Materials research, which develops advanced

One of those resources Is the Office of
Research and Technology

Applications (ORTA} at the INEL. ORTA
coordinates activities that will lead to the
greatest possible use of federal technologies
in the private and public sectors by offering
access to INEL technologies and to those of
300 other federal Jaboratories through the
technology transfer network of the Federal
Laboratory Consortium,

FOSSIL ENERGY

Advanced fossil energy research at the INEL
is aimed at developing methods to process
and effectively utilize the nation’s vast fossil
fuel resources, One primary area of research
is microbial processing of coal to praduce a
liquid fuel and to reduce the environmental -
hazards associated with coal combustion,

‘materfals for fossil applications, is also
investigating techniques to fabricate thin
films of superconducting ceramics.

Anoather area of research is the investigation
of methods to effectively mine oil shale
residues. A new research and development:-
program in enhanced oil recovery has the
goal of rapid and efficient expansion of
domestic oil production in the event of an
international ol crisis.
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CENTRAL
FACILITIES
AREA

1 any services for the entire

INEL site are located or

& headquartered at the Central
Facilities Area (CFA). These include the DOE
Radiological and Environmental Sclences
Laboratory; Security; a site-wide
communications system; the power
distribution system; onsite railroad facilities;
fire, medical, and ambulance services;
warehouses; supplies and materials;
cafeterlas; equipment, vehicle, and labor
paols; Site bus services; and a laundry for
radioactively contaminated apparel articles.

HEALTH AND SAFETY
REQUIREMENTS

DOE-ID is responsible [or protecting the
property, the environment, and the health
and safety of people on or near the INEL,
Elaborate safeguards are constantly in ‘effect
to minimize any possible hazard from Site
activities. Nuclear safety overview, provided
by DOE-ID, ensures that INEL nuclear
reactors and nuclear facilities operate with
the highest degree of safety,

Health and safety interests encompass all
phases of safety, including industrial safety,
industrial hygiene, fire protection,
radiological safety, radiological shipments,
environmental protection, reactor safety,
nuclear criticality safety, and emergency
planining. The program includes developing
and enforcing safety policies and standards,
conducting evaluations of contractors and
facilities, performing review of new designs
and safety analyses, providing radiological
assistance, carrying out accident
investigations, and supplying technical advice
and consultation,

CONSTRUCTION
MANAGEMENT

MEK-Ferguson of 1daho Company, the INEL
Construction Management Services
Contractor under prime contract to DOE-ID,
completed about 1,930 construction projects
between 1979 and 1988. The projects varted
in difficulty from the simple installation of
concrete pads to the very complex
demoalition and rebuilding of a process cell,
The costs of such projects range from a few
hundred dollars to several million dollars.

RADIOLOGICAL
ASSISTANCE PROGRAM

The INEL Radiological Assistance Program
provides assistance if incidents invalving
radioactive materials occur in Colorado,
Idaho, Montana, Utah, or Wyaming. Special
teams, cansisting of radiological monitoring
personnel, can be dispatched immediately in
response to calls conceming radioactive
accidents. As part of a nationwide network,
the teams can evaluate situations and
recommend measures to control radiation
hazards in the interest of the public safety.

Whole body counter usad as part
of individual health protection
program
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esponsibility for the INEL's g
Safeguards and Security Program, §
an integral part of all INEL )
operations, is shared by every contractor at JRA
the INEL. 14

DOE Safeguards and Security, the Site
protective force, and other INEL security
personnel are responsible for protecting
government property and classified
information; processing and granting
clearances and access authorizations for
day-to-day operations and visitor controls;
providing nuclear material accountability,
control, and management; and maintaining a
24-hour Warning Communications Center,

Helicoptors are used for routine
and emergency situations

All INEL access locations are controlled by
guard stations to verify the identities and
purpose of visits of both visitors and
employees, Helicopters perform regular Site
patrols and are used in security emergencies,

. No firearms, explosives, illegal drugs, or
alcoholic beverages may be transported on
INEL land. Cametas and recording devices
are allowed only with previously written
approval,

INEL trespassing restrictions are strictly
enforced, and boundaries are clearly marked
where public highways enter federally
protected areas. The Federal Aviation
Administration recommends that all
non-INEL authorized aircraft flights do not
fly lower than 2000 feet above ground level.
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he INEL Computer Science

1 Center (CSC) is dedicated to

e supporting the scientific,
engineering, and operations needs of the
Department of Energy and other
government agencies.

With the recent installation of the CRAY
X-MiPf24 for enhanced scientific computing
and the [BM 3090 to perform business
computing, the INEL now serves as one of
the leading computing centers in the DOE
famly.

The INEL computing facility employs about
300 Programmers, Engineers, computer
scientists, hardware designers, and systems
analysts. Several areas of expertise are
available: computer simulation and
modeling, computer graphics and animation,
artificial intelligence, systems architecture,
Computer Aided Drafting/Computer Aided
Modeling (CAD/CAM), an automated office
systern, and networking and
telecommunications, to name a few.

The CSC is recognized as a valuable resource
in providing information, state-of-the-art
technology, and services to other DOE sites
and federal agencies throughout the U.S.

The CRAY X-MP/24



.he INEL Research Center (IRC),
located in Idaho Falls, is the

21 DOE-ID Operations Office’s
multidisciplinary research center. With a staff
of more than 400 scientists, engineers, and
support personnel, research is conducted in
such wide-ranging disciplines as materials
science, chemistry, biotechnology, physical
sciences, and environmental sciences, Work
in these and other areas supports programs
for such organizations as the Department of
Energy, the Nuclear Regulatary Commission,
the Environmental Protection Agency, the
Department of Defense, and the
Department of the Interior.

" The IRC is a focal point for INEL research
and development activities, With its
70 individual and versatile laboratory units, it
is instrumental in bringing to the INEL new
customets, new programs, and new
challenges. In addition to the work
conducted for a wide variety of federal
agencies, cooperative programs are under
way with private industry, universities, and
nonprofit organizations, The IRC also has
become the focal polnt for the INEL's thrust
in transferting technology to the private
sector as well as fostering extensive
university cooperation in 2 number of
research efforts,
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The IRC is a comerstone for present and
future government-based technology
programs that are geared toward achieving
energy selfsufficiency and improving
industrial productivity and competitiveness
for the United States. The program spectrum
js impressive, embracing such activities as
biocorrosion, supercritical fluid chemistry,
muon-catalyzed fusion, powder metallurgy,
environmental monitoring, and many others,

- The INEL facility, fostering close

muttidisciplinary cooperation a2mong
scientists, engineers, and program managers,
is clearly a pivoral force in the pursuit of
advanced research and development in
energy-related programs and other facets of
technology that are critical to the country.

The INEL Research Center (IRC)

e




INITIATIVES

he INEL continues to expand its
program base and has received

i1 new initiatives as industry, other
government agencies, and the worldwide
scientific community recogriize the unigue
facilities, capabilities, and expertise available
here, Defense and aerospace programs are
becoming more important to the INEL as are
cooperative research projects with
universities and private industry.

In addition to the Department of Energy and
the Nuclear Regulatory Commission, the
INEL has new programs sponsored by the
Department of Defense, the National
Aceronautics and Space Administration, the
Department of Interior, and the
Environmental Protection Agency.

The DOE-ID Operations Office has been
named as project office for the
Multimegawatt Space Power Progtam, a
Strategic Defense Initiative (SDI) Project. The
INEL has also been designated as the
preferred site for the Special Isotope
Separation Project.

INEL has new programs sponsored
by NASA

—106—-

The INEL Is a strong contender for siting or
involvement in various national programs,
such as

—- Global Atmospheric Monitoring and
Control

— TACS, an electronic engineering
prototype of a [ield communication
center for the Air Force

— Tactical Source Regional Simulator

— Medical reactor research for the
application of reactors to the health field

— Nuclear racket propulsion {or space
programs

— Norfolk Shipyard Power System Upgrade
for the Navy

— McClellan AFB and Air Training
Cormmand waste management projects

— Materials research for the Army
Laboratory Command

— Data architecture conversion support for
the Army Corps of Engineers

— Small Modular Advanced Reactor Test
facility




ISTORY OF
CILITIES
AN,

EXPERIMENTAL
BREEDER
REACTOR (EBR)

EBR, the first reactor built at INEL, began
operation in 1951 and was decommissioned
early in 1964 for lack of further assignments.
This reactor produced the first usable
electricity from nuclear heat in

December 1951. In 1953 the facility confirmed
that a nuclear reactor designed to operate in
the high-energy neutron range is capable of
breeding {creating more fuel than its
operation consumes). The reactor was
unmoderated and used sodium-potassium
alloy (NaK) as coolant and enriched uranium
{largely wranium-235) as fuel. A blanket of
uranium-238 around the core provided the
“fertile” material in which breeding took
place. The liquid-metal coolant permitted
the neutron energies to be kept high to
promote fissionable material breeding. In
addition, the coolant enabled
high-temperature and low-pressure
operation, both conducive to efficient power
‘production.

EBR-I was brought to full power with the
Mark-I core on December 21, 1g51, with an
operational loading of 52 kilograms of
uranium-235 and subsequently operated with
three different core loadings including a
plutonium-fuel core,

On August 26, 1066, President

Lyndon B. Johnson participated in
ceremonies at the INEL officially designating
EBR- as a national historic landmark.

The historic reactor facility is open to the
public seven days a week from Memorial
Day weekend through Labor Day. Group
tours can be arranged any time of the year.
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BOILING WATER
REACTOR

- EXPERIMENTS (BORAX]

BORAX-1 was the first in a serles of five INEL
reactors to pioneer intensive work on boiling
water reactors. In these reactor types, the
coolant/maderator boils in the core and
passes saturated steam directly to the turbine
for power generation,

BORAX-I was constructed in 1953 to
demonstrate the feasibility of this type of
reactor concept, It was designed for -

1.4 megawatts (thermal). The facility was
deliberately destroyed in July 1954 to
determine its inherent safety under extreme
conditions,

BORAX-II was constructed in late 1954 for
furthgr tests, New core combinations were
installed using varying enrichments of
uranium-235 in the metal fuel plates, The
power level was 6 megawatts {thermal).

BORAX-IHI, operated in 1955, was designed
for 15 megawatts (thermal) with a
2000-kilowatt turbine generator to investigate
use of boiling water reactors for generating
electric power. On July 17, 1955, it produced
sufficient power to experimentally power’
and light the city of Arco, Idaho--a world
first, The reactor generated approximately
2000 kilowatts {electrical) over a period of
about two hours, distributed as follows: so0
1o light Arco, 500 to power the BORAX
facility, and 1000 to power the Central
Facilities Area at INEL.

BORAX-IV operated from December 1956
until June 1958. This reactor, 20 megawatts
(thermal), was used principally to test
high-thermal capacity fuel elements made
from mixed oxides (ceramics) of uranium
and thorium.

The ceramic core of uranium-thorium-oxide
fuel elements demonstrated the feasibility of
stable operation with this fuel. This fuel can
be aperated at higher temperatures, is less
reactive with water coolant in case of
cladding rupture, is cheaper to manufacture,
and has higher bumup possibilities. The
reactor also produced measurable quantities
of the artficial, thorium-derived fuel,
uranium-233. BORAX-IV was operated



satisfactorily with several experimentally
defective fuel elements in the core.
Relatively minor contamination of auxiliary
equipment resulted.

BORAX-V, with a design power of

40 megawatts (thermal), provided an
extremely flexible facility for determining
the safety aspects and feasibility of an
integral, nuclear superheat system. BORAX-V
achieved criticality on February g, 1062, and
on October 10, 1963, produced superheated
{dry} steam wholly by nuclear means for the
first time, The reactor demonstrated that
improved efficiency from manufactured
steam is obtainable by incorporating as a
design feature a number of superheated fuel
assemblies in the reactor core lattice,

ZERO POWER REACTOR
NO. 3 (ZPRII)

A split-table machine used to achieve
criticality by bringing two halves of a fuel
configuration together, ZPR-II was used to
determine the accuracy of predicted critical
mass geometries and critical measurements
in connection with various loadings for
makeup of fast reactor core designs. The
cores of EBR-I, Fermi, Rapsodie, and SEFOR
reactors were originally mocked up in this
facility.

Theoretical predictions of the system's
performances took into account neutron
reactions important to the neutron chatn
over a wide range of energies, e.g,, from

50 kilovolts to a few million volts,
Experimental critical assembly results in this
field were almost completely lacking before
the advent of the ZPRl facility in

October 1955, The reactor was placed on
standby in 1970 and is now on display in the
EBR:I visitor center.

MATERIALS TESTING
REACTOR (MTR)

MTR first achieved nuclear startup on
March 31, 1952, the second reactor to be
operated at the INEL. The historic reactor
went into retirement April 23, 1970, Its
materials testing workload was taken over by
the new and larger Advanced Test Reactor,
The MTR was decommissioned in 1074,

The choice of core structural materials and
fuel elements for every reactor designed in
the country since 1952 has been influenced
by information obtained from tests in the
MTR. High-flux radiation fields available in
this reactor made greatly accelerated
screening tests possible, which were of
immediate benefit to reactor design. In its
earliest stages, it contributed vitally to work
on pressurized water reactors and later to the
Yankee and Dresden power stations, organic
reactors, liquid-metal-cooled reactors, and
even homogeneaus reactors, Successful MTR
operation was in itself a great experiment
resulting in a family of plate-type reactors.

The reactor was operated at 30 megawatts
(thermal) until September 1955 when the
thermal output was increased to

40 megawatts,

MTR logged more than 125,000 operating

-hours and more than 19,000 neutron

irradiations, During August 1958, the MTR
became the First reactor to be operated using
plutonium-239 as fuel at power levels up to
30 megawatts, the original design power of
the reactor, The demonstration proved the
feasibility of fabricating 2 plutonium fuel
core capable of withstanding high-power,
high-flux conditions, The test also
demonstrated that a reactor fueled with
plutonium can be satisfactorily controlled.

ENGINEERING TEST
REACTOR (ETR)

ETR first achieved nuclear startup in 1957. At
that time it was the largest and most
advanced materials test reactor in the world.

ETR was a 175-megawatt (thermal) reactor,
built to provide more testing space and
flexibility than the older MTR, ETR was used
to evaluate fuels, coolant, and moderator
characteristics under environments simlar to
those in many types of power reactors,

In 1972, the ETR was modified for a new role
to support DOE's breeder reactor safety
program, Test programs relating to reactor
core design and operation were performed
by means of the Sodium Laop Safety

Facility {SLSF) inserted into the ETR core. As
the testing progressed, the reactor was again
modified with a new top closure
accommodating the irradiation loop. Other
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madifications included adding a helium
coolant system and sodium-handling system.

ETR went into retirement in 1082. It was the
first complete reactor facility to be
deactivated and documented immediately
after shutdown.

ETR CRITICAL (ETRC)
FACILITY

ETRC was a full-scale, low-power nuclear
facsimile of ETR. The facility, achieving
criticality on May 20, 1957, was used to
determine in advance the nuclear
characteristics of experiments planned for
irradiation in ETR. It also determined the
power distrlbution effects for a given ETR
fuel and experiment loading.

Since no two ETR loadings were identical,
the ETRC allowed prediction of the ETR's
nuclear environment when completed
experiments were removed or new ones
were added, This information was necessary
to calculate the experiment irradiation and
determine core life, control rod withdrawal
sequences, reactivity worths, and core safety
reqguirements.

Proposed fuel and experiment loadings were
first mocked up in ETRC and manipulated
until a desired power distribution throughout
the core was attained, satisfying pertinent
safety reguirements,

The reactor tests provided substantial savings
of time and money through necessary

" low-power testing without interruption of

full-power ETR operation. ETRC was retired
from service with the ETR in 1g82.

REACTIVITY
MEASUREMENT (RMF)
FACILITY

RMEF, 2 detector reactor, which measured
reactivity changes in materials irradiated in
the MTR or ETR, was operated for more
than eight years following startup on
February 11, 1954, The RMF was used to assay
new and spent fuel elements and to assist in
experiment scheduling by evaluating
reactivity losses and flux depression caused
by in-pile apparatus, The RMF was retired
April 10, 1962.




SPECIAL POWER
EXCURSION REACTOR
TEST (SPERT)
FACILITIES

Four SPERT reactors were designed and
operated to study a wide range of variables
such as plate design; core configuration;
coolant flow; and reflector, moderator, void,
and temperature coefficients.

The SPERT reactor experiments fell into four
major classifications: (a) static experiments to
determine such core characteristics as void
and temperature cocificients, (b) step tests in
which the system is suddenly made
supercritical, (c) ramp tests where reactivity
is added to the reactor at a constant rate,
and (d} stability tests involving either
spontaneous or externally induced
oscillations.

These tests were performed under various
conditions of temperature, pressure, and
coolant flow on differing core designs. All
operations were conducted from a central
control building, one-half mile from the
reactors, Most of the experiments conducted
in the SPERT reactors were safely below the
threshold of core damage. Fuel damage was
sustained in only a few tests,

SPERTI was placed in operation June 11, 1955,
and decommissioned in the Fall of 1964, It
was an open-tank, light-water-moderated and
reflected reactor, originally using g2 percent
enriched uranium fuel. The reactor tank,
about 4 feet in diameter and 14 feet high,
was filled with water to a level about 2 feet
above the core,

In general, the SPERT tests were
characterized by sudden power rises, arrested
by inherent shutdown or self-limiting
tendencies of the reactor. In a typical
excursion, reactor power would attain a peak
in a fraction of a second and, without
manipulation of control rods, drop to much
lower, though generally steady, levels.

Before being phased out in the fall of 1g64,
SPERTI demonstrated the damage-resistant
capabilities of low-enrichment (4 percent
uranium-235) uranfum-oxide fuel pins similar
to those used in water-cooled reactors
powering large central stations,

SPERTII sustained initial criticality March 11,

1960, This facility consisted of a pressurized

water reactor with coolant flow systems
designed for operation with either light ar
heavy water pressures up to 375 pounds per
square inch, temperatures up to 400°F, and
flow rates up to 20,000 gpm, SPERTII was
placed in standby in 1964 and
decommissioned in 1980,

SPERTII became operative December 19,
1958, It was considered to be the most
versatile facility yet developed for studying
the inherent safety characteristics of nuclear
reactors. This reactor provided the widest
practical range of control over three
variables: temperature, pressure, and coolant
flow. SPERTII was placed in standby upon
completion of its programmed operations in
1968. The facility was decommissioned in
1980 and is now used for the Waste
Experimental Reduction Facility.

SPERTIV construction was completed in
October 1961, and criticality was achieved
July 24, 1g62. This was an open-tank,
twin-pool facility that permitted detailed
studies of reactor stability as affected by
varying conditions induding forced coolant
flow, variable height of water abave the core,
hydrostatic head, and other hydrodynamic
effects,

The Capsule Driver Core (CDC) was operated
for several years in the SPERTIV reactor to
gain information on fuel-destructive
mechanisms pending completion of the new
Power Burst Facility. The CDC program in
SPERTIV ended in 1970.

SYSTEMS FOR
NUCLEAR AUXILIARY
POWER TRANSIENT
PROGRAMS

An extension of the SPERT program, known
as the Safety Testing Engineering Program, or
STEP, was canducted in the 19605 by Phillips
Petroleum Company in the Initial
Engineering Test Facility at Test Area North.
STEP involved engineering-scale field testing
to demonstrate the safety of aerospace as
well as land-based reactor systems.
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The successful testing of a SNAP-10A
auxiliary power space reactor on April 1,
1964, was one of the early STEP
undertakings. Designated SNAPTRAN-3, the
test showed that if such a device should fall
into water, it would immediately destroy
itself instead of building up a high inventory
of radicactive fisston products. Successful
follow-on tests of the SNAP-10A system were
SNAPTRAN-1 and SNAPTRAN-2.

AIRCRAFT NUCLEAR
PROPULSION (ANP)
PROGRAM

Test Area North was originally the site of the
ANP program where significant progress was
made in the 1g50s toward development of a
nuclear airplane. The program involved
building and testing three Heat Transfer
Reactor Experiments (HTRE-1, HTRE-2, and
HTRE-3, which developed 20, 14, and

32 megawatts of heat energy, respectively),
These air-cooled reactors proved the
feasibility of operating an aircraft turbojet
engine with nuclear heat.

Three low-power reactors were also operated
at TAN in support of the ANP program: the
Shield Test Pool Facility Reactor (SUSIE),
Critical Experiment Tank {(CET), and Hot
Critical Experiment (HOTCE). Since the ANP
program was discontinued (by order of the
President) an March 28, 1961, several other
programs have been assigned to the area,




SPHERICAL CAVITY
REACTOR CRITICAL
EXPERIMENT (SCRCE)

SCRCE in Test Area North was an outgrowth
of a program begun in the 1g6cs to
investigate the feasibility of a space
propulsion reactor concept.

The purpose of the reactor was to test the
nuclear feasibility of heating hydrogen
propeliant to approximately 10,000°F by a
ball, or core, of low-density gaseous uranium
hexafluoride {UF6). The ball of uranium gas
would be held in place by the hydrogen

" flowing around it, something like a
ping-pong ball suspended in a stream of air,
Uranium core temperatures as high as
100,000°F were considered possible.

On May 17, 1667, the world's first gas-core
reactor, SCRCE, was successfully operated,

FAST SPECTRUM
REFRACTORY METALS
REACTOR (710)

‘This low-power critical facility was operated
from 1962 to 1968 to callect data on a
proposed fast spectrum refractory-metal
reactor concept called the 710 reactor, The
concept involved using metals, such as
tungsten and tantalum, in developing a
compact, very high temperature reactor for
generating power in space.

HIGH TEMPERATURE
MARINE PROPULSION
REACTOR (630-A)

The 630-A Reactor Critical Experiment was
operated to explore the feasibility of an
air-cooled, water-moderated system for
nuclear-powered merchant ships. Further
development was discontinued in
December 1964 when decisions were made
to lower the priority of the entire nuclear
power merchant ship program.

LOSS-OF-FLUID
TEST (LOFT)

The LOFT reactor was inactivated in 1986,
following completion of the LP-FP-2
experiment, the most significant severe fuel
damage test ever conducted in a nuclear
reactor. This test, which involved the heatup
and melting of an 1c0rod experimental fuel
bundle, is providing information on the
release and transport of fission products that
may occur during an actual commercial
reactor accident where core damage occurs,
The facility is now available for new
programs,

The internationally famous LOFT reactar, a
scaled version of a commercial pressurized
water reactor, was the only reactor in the
world used for total pressurized water
systems simulations of loss-of-coolant
accidents (LOCAs).
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The LOFT reactor

Thirty-eight nuclear power tests were
conducted on various accident scenarios
between 1978 and 1985. A major aspect of
the program was to investigate the capability
of emergency core cooling systems to
prevent core damage during a LOCA,
Experiments at LOFT have simulated small-,
medium-, and large-break LOCASs, sometimes
complicated with other events such as “loss
of offsite power.”

Experimental data from the program have
been used to evaluate and improve
computer predictive cades that NRC uses to
assess the adequacy of licensing
requirements for commercial nuclear power
plants, and to aid NRC in making regulatory
judgments, Information generated from the
LOFT program has been instrumental in
helping the nuclear industry maintain its safe
operating record.



EXPERIMENTAL
BERYLLIUM OXIDE
REACTOR (EBOR)

Modifications of an existing facility at Test
Area North were begun in May 1963 to
house EBOR. Work was terminated in 1966
before construction completion, The
project’s objective was to develop
technology for using beryllium oxide as a
neutron moderator in high-temperature,
gas-cooled reactors. Among the reasons for
the cancellation was the encouraging
progress achieved, concurrent with EBOR
canstruction, in developing graphite as a
moderator, which lessened the importance of
developing the alternate moderator,

GAS-COOLED REACTOR
EXPERIMENT (GCRE)
AND MOBILE LOW
POWER PLANT

NO. 1 (ML:1)

From 1957 through 1945, a nine-year,
military-oriented program in the Auxiliary
Reactor Area (then known as the Army
Reactor Area) saw near fruition of the U8,
Army’s quest for a compact, light weight,
mobile power reactor that could be
transported by air or tractor-trailer, with
minimal intervals between shutdown and.
restartup in 2 new location.

The most successful portion of the army
program involved GCRE and the ML-1, GCRE
was a water-moderated, nitrogen-cooled,
direct- and closed-cycle reactor generating
2200 kilowatts of heat, but no electricity. It
actifeved criticality February 23, 1g60. After
accomplishing its mission {the
proof-of-principle phase of a mobile nuclear
power plant followed by three months
testing of a prototype reactor package for
ML), it was placed on standby April 6, 1961.

ML-1 reactor operation gccurred in a
separate facility, beginning with criticality
March 30, 1961, Operation ended May 29,
1964, after a series of power runs climaged by
664 consecutive operating hours, A
determination by the Army in late 1965
resulted in phasing out the ML-1 program

because of an inability to identify a specific
current mission and questions about
cost-effectiveness,

NUCLEAR EFFECTS
REACTOR (FRAN|

A'small-pulsed reactor, capable of supplying
bursts of high-intensity fast neutrons and
gamma radiation, was transferred to the Site
in mid-1g67 from the Nevada Test Site, where
it had been operated by Lawrence Livermore
Laboratory.

Beginning with first criticality August 28,
1968, in the former ML reactor building,
FRAN was used for a short time to test pew
detection instrument performance then
being developed for reactor control
purposes. The reactor was moved to DOE's
Lawrence Livermore Laboratory at
Livermore, California, in June 1970.

ORGANIC MODERATED
REACTOR
EXPERIMENT (OMRE)

OMRE was constructed and operated at the
INEL for several years to demonstrate the
technical and economic feasibility of using a
liquid hydrocarbon as both the coolant and
the moderator, a reactor concept developed
and partfally financed by Atomics
International,

The primary purpose was to study the
radiation and thermal stability of the organic
materials used and the associated physical
property changes under actual reactor
operating conditions, OMRE was phased out
in April 1963 after accomplishing this
purpose, OMRE first achieved criticality
September 17, 1957. OMRE was
decommissioned in 1979, and the area was
released for unrestricted use,

SPLIT TABLE
REACTOR (STR)

STR was 2 low-power facility at Test Area
North. Its nuclear core was placed in two
halves of a vertical, aluminum,
honeycomb-like matrix. The reactor could
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not be operated until the two halves were
brought together to form the critical fuel
mass, STR served to mock up reactor design
concepts for both thermal and fast neutron
reactor systems, It obtained basic physics and
design data for such concepts,




SEMISCALE

Semiscale is a nonnuclear facility at the INEL é;& B
Test Area North used for investigating the 3%
behavior of pressurized water reactor %— )
systems, Specifically, the facility conducts A%
tests on thermal-hydraulic phenomena that
can occur during reactor power transients,

he Snake River Plain is classified in

the Pleistacene epoch, which

g3 began one million years ago and is
one of the most recent geologic time
categories. Fossils of prehistoric mammals
have been found in excavations at the INEL
Site, It is postulated that the fossils are from
camels and mastodons that inhabited the
region about 35,000 years ago. A fossil taken
from carboniferous strata, encountered
during well drilling at approximately 100 feet
below land surface, has been determined to
be over 40,000 years old.

The facility has undergone many
modifications since it started operating in
1965 and, through hundreds of tests, has
played an important role in developing
computer safety codes for nuclear power
plants. Semiscale was the nation’s major
source of experimental data on reactor

' system petformance until results from the
INEL Loss-of-Fluid Test Facility became
available in 1978,

Semiscale is also used to develop and test
advanced instrurnents for reactors and
experimental facilities. The facility has an
electrically heated core with piping and
components scaled down from a large
nuclear power plant,

Recent archaeological investigations disclosed
evidence that man has been in the Eastern
Idaho region for perhaps 10,000 to

12,000 years, Fur trappers were the first white
men to enter the area.

Thyery Godin, a French-Canadian trapper

A unique aspect of the facility is that it can representing the English Northwest

be quickly modified to meet new test Company, discovered what was then known
conditions. This ability was demonstrated _ as the Godin River in 1820, Later it became
during the Three Mile Island Unit 2 accident known as the Big Lost River because of the
in 1979 when the facility was used to provide phenomenon of the river’s “disappearance”
information on the hydrogen buildup in the in the area now circumscribed by the Site
TMi-2 reactor vessel. Modifications were boundaries. Alexander Ross, representing the
quickly installed, and the information was Hudson Bay Company, visited the Godin

River in 1824 and mentioned the “Three Pilot
Knaobs,” which could have been the Three
Buttes on the INEL Site or the Teton
Mountains, which were also referred to by
this name. The Lost River Sinks and the

available within 24 hours of the request.

Located near the Semiscale Facility is the *
Two-Phase Flow Loop, a nonnuclear facility

with the capability of delivering controlled Three Buttes were shown on map sketches
steam/water flow to a test section, The made by Captain Bonneville, U.5. Army, in
facility, used to investigate some of the 1332-34. In the winter of 183233, he referred to
intricate steam and water relationships that the Snake River Plain as the great plain of the
may occur during a nuclear power plant Three Buttes.

accident, is instrumented to measure
two-phase flow variables such as flow rate,
mass, and energy. The Two-Phase Flow Loop
is one of the largest test loops in the world,

33

-112-



In the late 1870%, the INEL Site area was
crassed by a trail used for large cattle herds
moving eastward from Oregon to eastern
markets and ranges made available in
Wyoming by treaties with the Indians, Two
stagecoach lines also crossed the plain near
the Twin Buttes, which served as landmarks
for early gold seekers. A branch of the
Oregon Short Line Railroad Company was
constructed in 1910, Cerro Grande, now only
a location name at the southern boundary of
the Site, was the terminus until the rails were
extended to Arco and the mining town of
Mackay,

An area within the INEL Site boundary was
once a part of the Big Lost River lrrigation
Project, one of the historically colorful
reclamation projects in the West, It was
authorized under the Carey Act of 1804,
which provided that each state could be
given land suitable for irrigation if the states
did the reclaiming. Idaho accepted the
application on the basis that private capital
cotild be induced to construct the works and
that the state would provide supervision,

A dam on the Lost River was started in 1gog
to provide storage to irrigate some

100,000 acres, 30,000 of which were known as
the Powell Tract, lying within what is now
the boundaries of the Site. During 1g10,
canals, ditches, and channel structures were
constructed. The project was plagued with
grave errors of engineering, financial
difficulties, and legat and political
controversies. Construction of the Powell
Tract was discontinued in the spring of 1911,
The old canals and structures are still
prominent Jandmarks,

A similar project on the Little Lost River
involved a small tract of land on the
northwest side of the Site. The Mud Lake
Project in the northeast also included land
within the Site boundary. Both projects were
the result of overly optimistic estimates. The
dry canal systems are all that remain. '

During World War 11, the 113, Navy utilized
about 270 square miles of the plain as a
gunnery range. An area southwest of the
naval area was once used by the 118, Army
Alr Corps as an aerial gunnery range. The
present Site included all of the former
military area and 2 large adjacent area
withdrawn from the public domain for use
by DOE. The former navy administration
shop, warehouse, and housing area are today
the Central Facilities Area of the INEL Site.

Two stagecoach lines crossed the
plain near the Twin Buttes,
landmarks for early gold seekers




APPENDIX

FACILITIES AT THE IDAHO
NATIONAL ENGINEERING LABORATORY

Reactors Operating or Operable
{As of 1986)

Name

Advanced Reactivity Measurement Facility No. | ... ..
Advanced TestReactor . ........ .o iiiiiinnnn--
Advanced Test Reactor Critical . ................. ..
Argonne Fast Source Reactor .....................
Coupled Fast Reactivity Measurement Facility . ... ....
Experimental Breeder Reactor-l! ... ........... ... ...
Large Ship Reactor "A" ......... ... .. oot
Large Ship Reactor “B” ............ s
Natural Circulation Reactor .........ccvcvvvnennn
10. Neutron Radiography Facility .....................

WO NG oA WM

11. Submarine Thermal Reactor.......... e :

12. Transient Reactor TestFacility . .............. .. ..
13. Zero Power Plutonium Reactor . ...................
14. PowerBurstFacility ....... ... . ... i,

Page
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Abbreviation

ARMFI
ATR
ATRC
AFSR
CFRMF
EBR-II
ATWLA)
AITW-B)
S5G
NRAD
STWISTR)
TREAT
ZPPR
PBF

35

Operating
Contractor

EG&G Idaho
EG&G ldaho
EG&G ldaho
ANL
EGEG Idaho
ANL
WEC
WEC
WEC
ANL
WEC
ANL
ANL
EG&G Idaho



Reactors Dismaniled, Transferred, or on Standby Status

COEND O D WN -

10.
11.
12.
13.

14.
16.
16.
17.
18,
19,
20.
21
22,
23.
24,
25,
286.
27.
28
29.
30.
31,
32,
33.
34,
35.
36,
37.
38.
39,

Advanced Reactivity Measurernent Facility No. Il ... .. 10
Boiling Water Reactor ExperimentNo. 1 ............ 28
Boiling Water Reactor ExperimentNo. 2 ............ 28
Boiling Water Reactor Experiment No. 3 ............ 28
Boiling Water Reactor Experiment No. 4 ............ 28
Boiling Water Reactor Experiment No. 5 ............ 29
Cavity Reactor Critical Experiment .. ............... 31
Critical Experiment Tank . .............. ... c...... 30
Engineering TestReactor ........................ 29
Engineering Test Reactor Critical ................ .. 29
Experimental Beryllium Cxide Reactor .............. 32
Experimental Breeder Reactor-l ................... - 28

Experimental Organic Cooled Reactor ..............
{mothballed before startup)

FAST Spectrum Refractory Metals Reactor .......... 31
Gas-Cooled Reactor Experiment . . ................. 32
Heat Transfer Reactor ExperimentNo. 1............. 30
Heat Transfer Reactor ExperimentNo. 2 ............. 30
Heat Transfer Reactor ExperimentNo. 3............. 30
High Temperature Marine Propuision Reactor ........ 31
Hot Critical Experiment . .. .. ...... . ... ... ....... 30
Loss-of-Fluid Test Facility ........................ 31
Materials Testing Reactor .. ...............oviutt, 29
Mobile Low Power Reactor No. 1{Army) ............ 32
Nuclear Effects Reactor ......................... 32
Organic Moderated Reactor Experiment . ........... 32
Power Burst Facility ............... . .o vvrnnn. 1
Reactivity Measurement Facility ................... 29
Shield Test Pool Facility Reactor ................... 30
SNAP-10A TransientNo. 1 .. ... ... oo, 30
SNAP-10A TransientNo. 2 .. ... ... .. ... ...... 30
SNAP-10A TransientNo. 3 ... .. uviiiinnnn s, 30
Special Power Excursion Reactor TestNo. | .......... 30
Special Power Excursion Reactor Test No. Il ......... 30
Special Power Excursion Reactor Test No. Il ......... 30
Special Power Excursion Reactor Test No. IV . ... ..... 30
Spherical Cavity Reactor Critical Experiment . ........ 31
SplitTableReactor . ....... ... i iinnninn, 32
Stationary Low Power ReactorNo. 1@ .. ............ *
ZeroPowerReactor NO. 3 .. ..o oov i 29

ARMHI
BORAX-
BORAX-I
BORAXAI
BORAX-V
BORAX-V
SCRCE

- CET

ETR

ETRC
EBOR
EBRH
EOCR

710

GCRE

HTRE-
HTREAN
HTREHI
630-A

HOTCE

LOFT

MTR

ML~

FRAN

OMRE

PBF

RMF

SUSIE
SNAPTRAN-1
SNAPTRAN-2
SNAPTRAN-3
SPERTI
SPERTI
SPERT-II
SPERT-IV
SCRCE

STR

SL

ZPRAI

PPCo
ANL
ANL
ANL
ANL
ANL
GE, INC
GE

INC, ANC, EG&G |daho
INC, ANC, EG&G |daho

GA
ANL
PPCo

GE
AGC
GE
GE
GE
GE
GE

INC, ANC, EG&G Idaho

PPCo
AGC
INC
AL

INC, ANC, EG&G Idaho

PPCo
GE
AlfPPCo
AlfPPCo
Al/PPCo
PPCo
PPCo
PPCo
PPCo
ANC
GE, INC, ANC
CE
ANL

a. Accidently destroved during shutdown, January 3, 1861, following 931.56 megawatt days of operation.

* Not covered in this brochure,
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Other Facilities in Use

Name
1. Argonne National Laboratory-West Area ............ 7
2. Central Facilities Area . . ..o inn i, 24
3. Coal-Fired Steam Generating Facilfity ............... *
4, Computer Science Center (in Idaho Falls} ........... 25
5. CFRMF Neutron Radiography Facility .............. *
6. Expended CoreFacility ............ ... ..o vinn. 21
7. Experimental Field Station ............ ... ... ..... *
8. Fluorinel Dissolution and Fuel Storage Facility . ... .... 14
9. HotCeliFacility (TRAY . ... ... ... .. ... ccoiiian., 18
10. Hot Fuel Examination Facilities ............ ... ..., 8
11. Hot Shop Facilities (TAN) . ........... ..ot 18
12. ldaho Chemical ProcessingPlant .................. 12
13. INEL Research Center(inldaho falls) ............... 26
14. NavalReactors Facility ........... ..o, 20
15, New Waste Calcination Facility ................... 13
16.  Process Experimental Pifot Plant .. ................ 16
17. Radiation Measurements Laboratory ............... 10
18. Radioactive Waste Management Complex .......... 15
19. Radiological and Environmental Sciences
17 T T 1= | (o] 4
20. Reactor Training Facility ............... ... ... ... *
21. Remote Analytical Laboratory . ............. ... ... 14
22, Semiscale TestFacility .............. . ... oo 33
23. Standards Cafibration Laboratory (CF698) ........... 24
24.  Stored Waste Examination Pilot Plant ........... ... 16
26.  Technical Services Center (CF688,68%) ............. 24
26. Technical Support Buiidings A&B ................. 2
27. TestAreaNorth. ... ... ...t 17
28. TestReactorArga .........cc-ocoiuiininunenenenns 9
29. Waste Experimental Reduction Facility ............. 16
30. Willow Creek Building {in Idaho Falish .............. 2
Facilities Under Construction
1. Fuels Processing Facility Project . ... ........... ..., 14

Abbreviation

ANL-W
CFA
CFSGF
csC
ECF
EFS
FAST

HFEF

ICPP
IRC
NRF
NWCF
PREPP
RML
RWMC

RESL
RTF
RAL
STF
SCL
SWEPP
TSC
TSA; TSB
TAN
TRA
WERF
wcCB

FPF

Facilities Dismantled, Transferred, or on Standby Status

Ll SN

Alcohol Fuels Plant ... ..ot eiii i *
Raft River Geothermal Project .................... *
Waste Calcining Facility ........ ..o, 13
Semiscale Test Facility ...........oooviiiiiiy,. 33

* Not covered in this brochure.
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STF

37

Operéting
Contractor

ANL

EG&G Idaho
WINCO
EG&G Idaho
EGEG Idaho
WEC
DOE-D
WINCO

EG&G Idaho

ANL

EG&G Idaho
WINCO
EG&G Idaho
WEC
WINCO
EG&G Idaho
EG&G Idaho
EG&G Idaho

DOE-ID

EGEG Idaho
WINCO

EG&G ldaho
EG&G idaho
EG&G Idaho
EG&G Idaho
EGHG Idaho
EG&G Idaho
EG&G ldaho
EG&G Idaho
EG&G Idaho

WINCO

EG&G ldaho
£G&G Idaho

PPCo, AL, ENICO

EG&G Idaho



IDAHO NATIONAL ENGINEERING LABORATORY AND VICINITY

¥ <
Bittarroot Range ,—'
,
Fremont
| Madison

b East |/

ﬁ

o'
LTI Milddie Butte
Atomic City Butte

Big Southern Butta ¢% ,
—I Butte ' '

Blaine

Bannock

A
it

Scale in Miles

38 -117-




_—

IDAHO NATIONAL ENGINEERING LABORATORY

TAN
(33

Est
Middle Butte

Tarraton

To Idaho Falls

BP380-R-0788-5/i-A






Z2ZEBHN

1988

Joseph E. Stiegler

Manager
Transportation System
%i&}a; Development Department
A1

; Sandfa National Laboratories
| Albuquerque, New Mexico 87185-5800
1) Phone {505} 846-0896 FTS 846-0896
|

Sandia National Laboratories

Albuyuergue, Maw Meico Livermaora, California

Prime Contractor
to the
Department of Enargy

.Sandia National Laboratories, Albuquerque, New Mexico
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Sandia National Laboratories, Livermore, California

the Department of Energy on a no-profit, no-fee basis. The Labs’ responsibility is national security programs in
defense and energy, with primary emphasis on nuclear weapon research and development. Sandia also doeg a
limited amount of work for the Department of Defense and other federal agencies on a non-interference basis.

1
CONTENTS
SANDIA OVERVIEW ..ot 3
NUCLEAR WEAPON PROGRAMS 4
OTHER DEFENSE PROGRAMS ........... 7
Verification Technology ......cccoeveeeecvvivresrecnnnn, 7
Other Weapon Systems .......cccccoecrivinrinirineens 8
Pulsed-Power Research ........ocooveeveevereereveernn, 9
Strategic Defense Initiative .......ccccoooerrervinicinennnann. 9
ENERGY PROGRAMS
Solar/Wind ...,
Fossil Energy .............
Fusion /Fission
Nuclear Waste Management ............ocooovevrenne... 12
FACILITIES .ottt sree s s e er e ans i3
Environmental Testing .........coocvvmeereenrisvenennenen. 13
Radiation Research .......cicviiieeiceeivvreesssceenennnes 13
January 1988 Combustion Research .......cccccevvvvvseviverereesenns 13
Published by Public Information Division 3161, Computer Systems ............. R ——— L
Sandia National Laboratories, Albuquerque, New Microelectronics Facilities ........coveceeerecvevenennn.. 15
Mexico 87185-5800. Requests for additional Test RANEES .....ccoeeeiriereie e see sttt e eaee e 15
information on Albuquerque projects should be TECHNOLOGY TRANSFER ...ooeeeeeeeee v eeevveen i 16
sent to the above address, or telephone (505) STATISTICS ..o 18

844-4207; Livermore projects, (415) 294-2447.

2 -121-




SANDIA OVERVIEW

Sandia National Laboratories is one of the nation’s
largest research and development engineering
facilities. Sandia headquarters and its main
iaboratory are located on Kirtland Air Force Base
on the southeast edge of Albuquerque. Sandia
Livermore, located in the San Francisco Bay area
just east of the city of Livermore, adjoins Lawrence
Livermore National Laboratory and was established
in 1956 to provide a close working relationship
with that lab. Test ranges are operated near
Tonopah, Nevada, and on Kauai, Hawaii.

About 60 percent of Sandia’s research and
development effort—including applied research in
semiconductors, materials, etc.—involves the
weaponization of nuclear explosives for national
defense; the remainder involves energy programs
and advanced military technologies.

Sandia employs about 8400 persons. Almost 60
percent are in technical and scientific positions,
and the remainder are in crafts, skilled labor, and
administrative classifications. About 7200 persons

work in Albuquerque and about 1080 in Livermore.

The total includes more than 100 at the Tonopah
Test Range, the Nevada Test Site, and elsewhere.

NUCLEAR WEAPON PROGRAMS

The Labs’ primary mission is to monitor and
maintain the health and safety of the nuclear-
weapon stockpile; to develop and engineer new
nuclear weapons for production; to explore
advanced weapon concepts and perform research
that will keep the nation second to none in this
arena; and finally to maintain for the future all of
these capabilities as a continuing strategic national
defense resource.

Sandia’s work on nuclear ordnance—principally
weapon safety, control, arming, fuzing, and firing
systems; aerodynamics and structures; and related
testing and instrumentation—is carried out in close
cooperation with Los Alamos National Laboratory
(LANL) and Lawrence Livermore National
Laboratory (LLNL), DOE’s other two nuclear
weapon laboratories. Operated by the University of
California, LANL and LLNL design the nuclear
explosive systems used in the weapons.

Sandia does not manufacture or assemble weapons;
this work is performed by other contractors, using
design information provided by Sandia, LANL, and
LLNL. After the weapons reach stockpile, Sandia
quality assurance evaluators periodically obtain

—-122-

Sandia operates a broad range of facilities, many of
them unique. They are used for a wide variety of
projects, ranging from basic materials research, a
relatively large program, to the design of
specialized parachutes. Assets, owned by DOE and
acquired at a cost of more than $922 million,
include about 500 major buildings containing some
4 million square feet of floor space. They are
located on land totaling approximately 562 square
miles, most of which is at Tonopah Test Range.

The facilities include state-of-the-art equipment for
environmental testing, radiation research,
combustion research, computing, and
microelectronics research and production (see
pages 13-15).

Other major facilities include a full-service
Technical Library for employees; a Primary
Standards Laboratory; transonic, supersonic, and
hypersonic wind tunnels; and design, fabrication,
and process development laboratories.

Sandia is a major factor in its area and state
economies. In FY 1987, purchases totaled almost
$244 million in New Mexico and $53 million in
California (sée page 18 for payrolls).

representative samples and test them in laboratory
and field exercises to ensure that they continue to
operate safely and reliably. Procedural manuals,
used by military personnel with the weapons in
the field, are prepared and verified. Sandia is thus
involved with a nuclear weapon from its inception
until its retirement from stockpile.

Several important changes have occurred in
nuclear weapon research and development over the
years. The Limited Test Ban Treaty that went into
effect in 1963 halted nuclear explosion tests above
ground, causing the weapon laboratories to focus
their attention on underground testing and on
developing means of simulating nuclear weapon
effects in the laboratory. The latter development
has led to expanded use of nuclear reactors and
particle beam accelerators to study the effects of
radiation on materials. A new facility at Sandia, the
Simulation Technology Laboratory, provides
improved capabilities for testing nuclear weapon
systems for vulnerability and survivability within
intense radiation environments.

Weapon designers have been challenged in recent
years with the requirement to develop smaller,
more versatile weapons that can be used with a



Saturn x-ray simulation machine is used to test effects of high x-ray radiation doses on weapon components

variety of new delivery systems. At the same time,
designers also are involved in development of
weapons that operate reliably in all types of
environments, even after years of deployment or
storage, and to improve systems that protect against
accidental or unauthorized detonation.

To enhance military deployment strategies, Sandia
develops nuclear weapon concepts that provide a
variety of delivery options. For example, systems
that penetrate a short distance into the earth before
detonating are an ocutgrowth of Sandia earth-
penetration (terradynamics) technology. Such
weapons could be used to create barriers and
craters to impede movement of equipment and
personnel or to destroy targets below ground.

The Labs has made major contributions to the
development of smaller, lighter missile warheads
containing minjaturized components. The
integrated arming, fuzing, and firing systems of
such missiles as the Navy's Poseidon and Trident
rely heavily on this technology.

Sandia has pioneered concepts and hardware that
prohibit unauthorized use of nuclear weapons. One
such concept involves security locks, generally
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known as Permissive Action Links, which contain
sophisticated microelectronic logic systems and are
small enough to be embedded in critical weapon
components. Another development enables a
weapon to disable or destroy itself if it detects
tampering.

In addition to developing security measures
internal to nuclear weapons, the Labs conducts an
extensive program of research, development, and
implementation of safeguards and security
techniques to protect weapons and nuclear
materials, in transit and at sensitive facilities. The
goal is to protect such items from terrorist, insider,
and other threats. The program has two key
elements. First is the development of components
for intrusion sensing and assessment, access denial,
entry control, communications, and response. The
second involves the application of systems
engineering principles to combine components into
a coordinated, operational system.




The Sandia Interior Robot was built to research the
possibility of using autonomous robots as roving sentries
inside high-security buildings

Unmanned automatic seismic stations like this Sandia-
developed prototype are now deployed to monitor
worldwide compliance with weapons test ban treaties

OTHER DEFENSE PROGRAMS

Verification Technoiogy

Sandia has the largest arms-control verification
technology program in the country and has
contributed significantly to the development of

- major satellite and ground-based verification

systems.

The work began with the early development of
satellite instrumentation for monitoring arms-
control agreements. Since then, the Labs has
maintained a leading role in reliable miniature

" electronics and sensor technology. Sandia provided

data processing logic and sensor systems for the
Vela satellite program, begun in 1963 to detect
nuclear detonations in the atmosphere and in
space. Sandia continues to design and provide
similar systems for satellite programs that include
the Global Positioning System (GPS) multi-satellite
constellation.

In ground-based systems, Sandia pioneered
automated seismic stations used to monitor nuclear
weapon testing. The Labs’ verification technology
expertise is now being applied to develop systems

for monitoring compliance with proposed
agreements to limit nuclear weapon delivery
systems.

Other Weapon Systems

Technologies developed to satisfy DOE-funded
nuclear weapon, verification, and security program
requirements are used for other applications,
including “smart” weapon systems, and other
systems for specialized Department of Defense
(DoD) and National Aeronautics and Space
Administration space applications.

Agreements between the DoD and DOE have
increased the Labs’ work in advanced conventional
weapons. Work in this area combines certain
aspects of nuclear weapon engineering with
technologies in the developing area of intelligent
machines. For example, terrain-aided navigation
systems, which use inertial navigation systems and
associated flight computers initially developed for
re-eniry vehicles, are being applied to land
vehicles and aircraft.

Sandia is among the world’s leaders in the
development of rugged, miniaturized computers.
Originally developed for weapon uses, the
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SANDAC (for Sandia Airborne Computer) puts the
computational power of a desk-sized general-
purpose computer into a very small package. The
latest model, SANDAC V, is a full 32-bit multi-
processor design. A three-parallel-processor unit in
a navigational configuration uses only 30 watts of
power, weighs just 5 pounds, and occupies about
210 cubic inches (less space than a shoe box).
SANDACSs are used to control re-entry vehicles and
to help pilots of complex helicopters manage
numerous control and weapon functions under
battle conditions. The miniature computers are
being considered for ground-based and space-
station robotic systems.

Pulsed-Power Research

Sandia is the DOE center for pulsed-power
research. This technology is applied to produce
intense pulses of energy for feasibility studies of
controlled thermonuclear fusion, for nuclear-
weapon-effects simulation, and for directed-energy
weaponry research for the Strategic Defense
Initiative (SDI) program. The Saturn and HERMES-
IIf accelerators, capable of 20-terawatt (TW) power
levels, are being developed for nuclear-weapon-
effects testing as part of the Simulation Technology
Laboratory.

part of the Strategic Defense Initiative program. In
addition to pulsed-power research and technology,
SDI work at Sandia includes research in physics to
establish the feasibility, in mission analysis to
study the viability, and in engineering to
determine the producibility of concepts. Analysis
and testing are done to determine the survivability
and vulnerability levels of prospective weapon
systems. Specialized design of various components
and materials also is done. Sandia’s SDI projects for
. DOE are with nuclear-based systems; other, non-
nuclear SDI work is done for DoD. A three-
building Strategic Defense Facility is being
constructed in Albuquerque, and a Defense
Engineering Laboratory is planned for Livermore.

ENERGY PROGRAMS

Soiar/Wind

Improved use of solar energy is being investigated
by Labs researchers, who have major roles in
several of DOE's solar R&D programs. The Labs’
lead role in photovoltaic conversion includes
crystalline cell research and development,
photovoltaic (PV) concentrator development, and
systems research and evaluation. The PV Design

10

Sandia’s Particle Beam Fusion Accelerator II

(PBFA II) is the world’s most powerful particle
accelerator and is considered to be the first
machine with the potential for igniting a
controlled fusion reaction in the laboratory. PBFA
11 consists of 36 pulsed-power modules, arranged
around a central hub, which deliver power from all

‘directions. Built at a cost of $48 million, PBFA U

delivers at least 100 trillion watts of power. Sandia
is DOE’s lead laboratory for inertial confinement
fusion experimentation with light ions.
Considerable collaboration takes place with the
Naval Research Laboratory, Cornell University,
LANL, and LLNL.

Pulsed power is applied to developing directed-
energy weapons using lethal electron beams for
endo- and exo-atmospheric applications,
microwaves, optical lasers, x-ray lasers, and
hypervelocity projectiles. These technologies will
be studied and developed in Sandia’s new Strategic
Defense Facility, scheduled to be fully operational
in 1991.

Strategic Defense Initiative

The Labs is involved in laboratory and field
research to study concepts that may be used as a

Assistance Center and the PV Advanced Systems
Test Facility are both operated by Sandia for DOE.

Sandia also is the DOE lead center for the Solar
Thermal program and operates the nationally
recognized Solar Thermal Test Facility in

A Sandia solar energy researcher tests a new type of
lightweight heliostat mirror made by gluing silver polymer
filrn over very thin metal
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Albyquerque. This facility is developing and
evaluating direct-absorption central receivers,
stretched-membrane heliostats and parabolic
dishes, advanced engines for dishes,
thermochemical heat transport, and high
temperature photo-thermal chemical processing.

In the Wind Energy Program, Sandia is evaluating
advanced airfoil technology for vertical axis wind
turbines near Amarillo, Texas, and provides
research support on viscous flow and material
fatigue for various wind systems.

Fossil Energy

Sandia has a number of projects related to fossil
energy extraction or conversion technology. One
such effort is the Multi-Well Experiment located in
the Piceance Basin of Colorado. The objective of
this project is to develop technology for locating
and extracting natural gas trapped in tight, lens-
shaped sandstones of the western US.

Coal science projects are directed toward increasing
the understanding of coal structure, chemistry, and
reactivity for various applications. Emphasis is
placed on using advanced catalysts to pretreat or
liquefy coal and on understanding the

Experiment room at the underground Waste Isalation Pilot
Plant in Southeastern New Mexico

12

fundamentals of coal combustion. Computer-aided
design techniques are being used to develop
catalysts capable of converting methane, a gas, to
methanol, a liquid fuel, in a single step. .

Other projects include developing advanced
diagnostic instrumentation for improved oil
recovery, providing geotechnology for the Strategic
Petroleum Reserve, developing hard rock
penetration technology and high temperature
instrumentation for geothermal resource recovery,
and exploring the feasibility of extracting energy
from.underground magma bodies.

Fusion/Fission

Sandia is involved in a range of activities for the
Magnetic Fusion Energy program. Labs scientists
and engineers are working with the US and
international fusion community to develop
materials and devices that can survive the high
heat flux environment of an operating fusion
reactor. Sandia staff serve as the international
resource for determining estimates of the tritium
inventory in the walls of an operating reactor.

Laboratories personnel are working on DOE and
Nuclear Regulatory Commission projects related to

11

the safe and efficient use of nuclear fission energy.
Sandia is actively engaged in the development and
application of probabilistic risk assessment
methodologies for all segments of the nuclear fuel
cycle. In addition, advanced reactor concepts for
earth and space-based applications are being
developed and evaluated,

Nuclear Waste Management

The Labs has several project responsibilities in
nuclear waste management. Work extends from
geologic site evaluations to repository conceptual
designs, and from there to risk-assessment studies.
Two large projects are in process. One is the Waste
Isolation Pilot Plant (WIPP), which has been
constructed for the storage of low-level nuclear
waste in underground salt beds in southeastern
New Mexico. The second is the Nevada Nuclear
Waste Storage Investigations project, which is
assessing the feasibility of storing high-level
nuclear waste in underground volcanic tuff in
southern Nevada. New-generation radioactive
material transportation systems are designed and
evaluated at the Transportation Technology Center,

also located at Sandia.

-126-—



FACILITIES

Environmental Testing

Extensive environmental test facilities are located
in the headquarters area and in a 60-square-mile
hazardous-test area 6 miles south, also on Kirtland
Air Force Base. In addition to classic environmental
test capabilities for component and system
development, Sandia has a variety of unique
facilities. Examples include two of the world’s
largest centrifuges; blast tubes operating from 1 to
2000 psi; a facility for impulse testing using
sprayed, light-initiated high explosives; a low field,
broadband electromagnetic radiation facility; a
radiant heat facility; a facility to provide large
quantities of moiten metal oxides for studying
nuclear reactor accident conditions; a 10,000-foot
rocket sled track; a multiple stroke lightning
facility capabie of simulating natural lightning
strokes; drop towers (including one to simulate
water impact); and a 5,000-foot aerial cable facility
for extreme impact tests.

Radiation Research

The Laboratories operates 17 major radiation
facilities, which are used in radiation effects
investigations, reactor safety studies and inertial

Located outside the Sandia security area, the
51,500-square-foot facility permits easy access for
visitors. The CRF has three centrally located lasers
and a facility beam distribution (periscope) system.
The CRF provides state-of-the-art diagnostics
capabilities, access to a broad range of computers,
and a sophisticated, microprocessor-controlled
laboratory safety system.

Computer Systems

Scientific computing at Albuquerque and
Livermore is done with a CDC CYBER 170/730, a
CYBER 180/855, three CRAY-1Ss, a CRAY X-MP/
24, and a Cray 416. A growing number of DEC
VAX-class computers serve specific user areas. Data
reduction needs are satisfied by three Data General
MV /10,000s. Most business and management
information needs are handled by two Sperry 1100s
and a distributed network of IBM 43XX processors.
A new NCUBE/ten paraliel supercomputer is used
for computer science research in massive
parallelism. Many other computers serve
specialized needs throughout Sandia.

Sandia’s computer applications inciude more than
250 computer-aided engineering graphics
workstations. Approximately 40 percent of all
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confinement fusion research. The Annular Core
Research Reactor, which is used for weapon effects
tests and reactor safety studies, can be pulsed to a
peak power of 35,000 MW and Sandia Pulse
Reactors If and III to about 150,000 MW. The
HERMES II electron beam accelerator, used in a
variety of x-ray experiments, can be discharged in
60 billionths of a second, with a peak power of
more than 1 trillion watts.

Other facilities located in the main laboratory
complex at Albuquerque include a Van de Graaff
accelerator and a Cockcroft-Walton accelerator. At
Livermore, an advanced Tritium Research
Laboratory permits safe handling of tritium
compounds during a variety of experiments.

Combustion Research

The Combustion Research Facility (CRF) at Sandia
National Laboratories/Livermore develops and
applies new research tools, particularly laser
diagnostics and computer modeling, to
fundamental and applied problems in combustion
research. To encourage the transfer of advanced
technology, the facility is available for use by
qualified combustion researchers from other
organizations.
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design definition is being completed with these
stations. The Laboratories plans to attain full CAE/
CAD/CAM (computer-aided engineering/design/
manufacturing) capabilities by the end of the
decade. Sandia is the lead laboratory to coordinate
the integration of CAD/CAM capabilities within
the DOE nuclear weapon complex.

These Sandia Livermore scientists worked cooperatively
with Lawrence Livermore National Lab to develop this
x-ray microanalyzer that allows different kinds of
measuremerts to be made simultaneously from a singie
material sample



Microelectronics Facilities

Sandia is heavily engaged in specialized
microelectronics research and development. Its
work is concentrated in two major facilities—the
Center for Radiation-hardened Microelectronics
{CRM) and the Compound Semiconductor
Laboratory (CSL). The CRM concentrates on
conventional silicon-based microelectronics, while
the CSL develops new types of materials and
components made from a combination of elements.

The CRM develops very large scale integrated
circuits for applications requiring resistance to high
levels of radiation, e.g., weapon systems, satellites
and space probes. These circuits are at least 100
times more resistant to radiation than commercial
counterparts. The CRM is completely equipped to
design, fabricate, and test integrated circuits
containing hundreds of thousands of devices. It
makes substantial use of the laminar air flow clean
room principle invented at the Labs in 1961, and
now used worldwide in clean room airborne
contamination control.

The new Radiation-hardened Integrated Circuit
facility has been designed to support development
and pilot production of ultra-large scale integrated

Test gun fires 8-inch diameter projectiles at the Tonopah
Test Range
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circuits, using techniques that eventually will allow
circuits with features smaller than 1 micron in
diameter. The facility has a 12,500-square-foot Class
1 clean room that limits airborne particles to not
more than one microscopic particle per cubic foot.

A significant advance in semiconductor science
occurred at the CSL when a Sandia team devised
the strained-layer superlattice (SLS) semiconductor.
The SLS semiconductors consist of many very thin
alternating layers of semiconductor materials. SLS
technology allows fabrication of semiconductors
with completely new electronic and optical
properties.

Test Ranges

The Tonopah Test Range (TTR), a major test facility
for DOE-funded weapon programs, is a permanent
outdoor testing laboratory with unique capabilities
for gathering data from a variety of test vehicles.
This 577-square-mile area is located on the north
end of the Nellis Bombing and Gunnery Range and
about 32 miles southeast of Tonopah, Nevada. The
range provides state-of-the-art integrated
instrumentation systems for test vehicle tracking
and data acquisition. Multiple radars, optical
trackers, telemetry stations, a central computer
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complex, and communication systems provide full
coverage for tests involving artillery fired
projectiles, rocket-launched payloads and high-
performance aircraft-delivered test units. Although
the range’s primary mission is to support DOE
programs, a number of DoD development programs
have used TTR’s unique test capabilities and
instrumentation network. In addition to the
airborne vehicular tests, various areas of the range
have been used for explosives studies involving
blast effects, case ruptures, shock wave phenomena
and cratering.

The Kauai Test Facility (KTF} in Hawaii, resident
on the Pacific Missile Range Facility, has a rocket-
preparation and launching capability for high-
altitude scientific research and re-entry vehicle
studies. The emphasis at the KTF is on research and
development of materials and components. Various
small rockets are launched to test various types of
non-nuclear payloads. Recent DOE-sponsored
launches have included exploratory and
development testing of water entry penetrators.

TECHNOLOGY TRANSFER

Sandia actively transfers tax-funded technology to
private enterprise, universities, and state and local
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government. US enterprise is the primary
beneficiary of Sandia’s Technology Transfer
program; national security is enhanced by
improving commercial capabilities and
opportunities. The Technology Transfer and
Management Department (telephone 505-846-4945)
is the contact point for the program.

Technical staff members from throughout the
laboratories supply information in both proactive
and responsive efforts. Some of the methods used
are conference p'resentations; news releases;
publication of papers, journal articles, and reports;
sponsorship of meetings on subjects of particular
interest; alliances with industry; hosting visitors
and conducting visits to unclassified facilities; and

answering questions received by mail or telephone,

Sandia interacts extensively with universities by
sponsoring research programs and allowing
laboratory staff to teach selected courses.

Some technology transfer activities have had
significant economic impact. For example, Sandia
scientists and engineers recognized some “weak
links” in petroleum recovery and developed
techniques that now save the industry hundreds of
millions of dollars annually. Other examples of

successful transfer activity include laminar air flow
clean room technology, advanced integrated circuit
and semiconductor technology, vertical axis wind
turbine designs, and solar energy technology.

A 14,000-square-foot Technology Transfer Center,
completed in 1984, is used to host meetings
between Sandia personnel and industry
representatives. The Labs spends about 1 percent of
its annual research and development budget on
technology transfer activities.

Sandia specialists are designing and testing a new
parachute system that will slow the descent of the crew
escape module on an F111 aircraft to 25 feet/second
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STATISTICS Payroll ($ in millions)
. FY Albuquerque* Livermore . Total
SANDIA EXPEND|TURES—FY 1987 1987 $295.7 $45.8 $341.5
1986 275.2 42.7 3179
1985 269.8 422 312.0
($ in millions) 1984 249.1 40.3 289.4
1983 231.1 37.7 268.8
Defense Programs .......cc.cccoeeerinrinniciieninnsineenns $ 626 1982 208.5 342 242.7°
Conservation and Renewable Energy ............. 39 1981 1R7.4 30.4 217.8
Fossil Energy /Strategic Petroleum Reserve ... 11 1980 165.5 26.8 192.3
Nuclear ENETBY .....ccovvrevrvvrrvrenionrirearesrmassessenanans 3 1979 148.1 23.8 171.9
Energy Research ......iiiniciicincncneneeerenens, 20 1978 134.2 218 156.0
Civilian Radioactive Waste Management ....... 23
Number of employees
Total—Department of Energy............... 722 FY Albuquerque* Livermore Total
. 1987 7,317 1,080 8,397
Federal Agency Reimbursables.............. .. _.306 1986 7,216 1,061 8,277
: 1985 7,179 1,074 8,253
Total Operating............... - 1028 1984 7,326 1,101 8,427
_ 1983 7,024 1,106 8,130
Capital Equipment............... 48 - 1982 6,862 1,088 7,950
1981 6,935 1,083 8,018
Major Construction............... 70 1980 6,792 1,055 7,847
1979 6,588 1,030 7,618
TOTAL...... $1,146 1978 6,470 1,008 7,478

*includes Tonopah and Nevada Test Site
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SANDIA NATIONAL LABORATORIES TECHNICAL CAPABILITIES

SCIENCE AND ENGINEERING

Physical Sclences

Physics of Surfaces and Near-Surface Layers
Physics of Solids

Computational Physics and Mechanics
Quantum Chemistry

Solid Dynamics and Shock Wave Phenomena
Interaction of Radiation with Matter

Laser Physics

Particle Beam Research

Research Reactors

Superconductivity

Applied Mathematics
Discrete Mathematics
Mathematical Physics
Theoretical Mathematics
~ Parallel Processing
Statistical Analysis
Cryptology
Artificial Intelligence:
Optical Computing
Computer Sciences
Parailel Processing
Artificial Intelligence
Computer Engineering
Reliability Assurance
Reliability Assessment
Statistical Design and Analysis
Human Factors '
Quality Control

Electrochemistry
Electrochemical Power Sources
Physical Chemistry

Thermal Analysis

Corrosion

Earth Sciences

Numerical Methods

Geophysics

Analysis of Faults

Geochemistry

Drilling, Magma, and Diagnostic
Technologies

Rock Mechanics

Materials and Processes
Metaliurgy
Composites
Surface Characterization and Film Deposition
Pelymers
Ceramics and Glasses
High-Temperature Characterization
of Materials
Materials Analysis

Electronics

Compound Semiconductors
Microcircuits

Pulsed High Energy Technology
Electro-optics

Radiation Hardening
Microwave Devices

Imaging Radars

Electromechanics
Guidance and Control
Robotics

Dynamics Mechanisms Analysis
Aerosciences
Aeroballistics
Aerodynamics

Atomic and Fluid Physics
Aerothermodynamics
Aerophysics

Atmospheric Environments
Fluid Dynamics
Aeromechanical Design
Combustion Sciences
Combustion Diagnostics

Physics and Chemistry of Combustion

Combustion Moedeling

Coal and Engine Combustion
Pollution Control
Explosives

Detonation Physics
Chemistry of Explosives
Quality Assurance

Program Implementation
Test Program Development

Product Acceptance and Production

Control

New and Field Material Surveillance

Data Base Management
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Educational Béckground of
Technical Staff Members (MTS)

Technical Fields

Electrical Engineering
Mechanical Engineering ...

Physics .o
COmMPULING oo
Chemistry ..... -

Nuclear Engineering..........ccouvivininiiiiiiiinn
Chemical Engineering .......cccvvivvivirniiiiineas 106
Mathematics ........cccoveiiimnmnsiinsieeneenereneeienees 99
Civil Engineering .......ccceovconnviccncscsccrre. 86
Aeronautical Engineering ... 80
Materials Science ...t 67

Earth SCiences .....cooccviivreriieniveneenissssinsiesinransesaes 32
All Others ..ooviiiciieiiiiivteiie e
Total .....ccoooiiiiiiniainn, 2944

Highest Degrees. Attained

DPoctorate .......ccooeeee lieviineeennens evesesreeseresrrnerrharanninas 1161
Master ..o e ses s e 1330

~ Bachelor .... s 407
AsSS0CIAte oo errvenreaeres eerreereene e 41
None ..., e _5
Total .oovvecrerrreericernrenens 2944

Educational Level of Administrative
& Technical Support Staff (MLS)

W _162.

Highest Degrees Attained

Doctorate
Master ...............
|2 T T3 ) U

Personnel by Categories

Technical Staff (IMTS) ..o, 2944

Administrative & Technical
Support Staff (MLS) ....cccoeicirieirenes 707
Section Supervisors 164
Technical Staff Associates 361
Senior Technical Aides.....ccoiicviicimiiineniiinns 1048
Technical Aides .....cccocininvrsmnires e 758
Staff Assistants Technical i iverrecrerenercnrcens 62
Management Aides f ... 589
Graded Employees......covviviiininnisnnnnnns 1764
8397

Note: Information current as of
September 24, 1987.
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ANALYSIS AND TESTING

Systems Analysis

Problem Definition and Assessment
Concept Formulation

System Evaluation

Concept Optimization

Engineering Analysis

" Structural Mechanics

Stress Wave Analysis
Explosives Technology
Heat Transfer
Mechanism Analysis
Environment Analysis
Controls Engineering
Reactor Safety Analysis
Solids Modeling

Testing
Environmental Simulation
Mechanical Loading
Radiation Loading
Development and Evaluation
Aerosciences
Material Response
Nondestructive Testing
Sclar Energy Systems
Field Testing
Tonopah Test Range
Nevada Test Site
Kauai Test Facility
Mobile Facilities
Remote Ranges

Safety Assurance
Safety Assessment
Safety Assurance
System Safety
instrumentation
Data Acquisition
Transducers
Telemetry
Communications
Optical Recording
Mobile and Transportable Instrumentation
Special Instrumentation
Meteorological
Photometric
Laser Diagnostics
Quality Assurance
Radiation Analysis
In Situ Measurements and Control

SUPPORT FUNCTIONS

Fabrication

Metals

Glasses and Ceramics
Composites and Plastics
Electrical Components

Heat Treating and Finishing

Information Science
Information Management
Information Dissemination
Reference and Translation

Computation Systems

System Planning, Develepment and Support
Central Computing

Remote Computing

Interactive Graphics

Computer-based Special-Purpose Systems
Dasign Definition

Design Drawings and Specifications
Computer-Aided Design

Information Control Sytems
Measurement Standards

DOE Standardization Program Management
Direct-Current Electrical Quantities
Microwave Quantities

Radiation

Mechanical

Environmental

Environmental Health

Hazard Control

Radiation Dosimetry

Radiation Counting

Effluent Documentation
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