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EBR-T, A HISTORIC LANDMARK

Experimental Breeder Reactor I, which was decommissioﬁed on December 30,
1963, is dedicated today (August 26, 1966) to become an integral piart of the
history of man's peaceful victory over the atom.

Much of the knowledge contributed to. current and future generations of
fast breeder reactors can and will be attributed to ERR-I's operation for 11
- years at the National Reactor Testing Station in Idaho. So much 80, that the
U. S. Atomic Energy Commission. is now committed to a long-range fast reactor
- development program calling for the construction of successively  larger power
" reactors on a schedule extending into the 1980s. Some time in that decade, a
fast breeder plant capable of generating 1,000 megawatts (1L billion watts) of
electricity should be in operation. . :

Argonne National Laboratory, which placed the world's firss: breeder
reactor-~--EBR-I--~~into successful operatvion in 1951, has been given an AEC
assignment as a principal center for the development of the fast breeder
concept. - - e o

- EBR-T, during its years of operation, has a host of "firsts" to., its credit:
K J Y 2 M -

. i A : . ..
"~ 1. Tt was the world's first reactor to produce useful amounts of
electricity from nuclear energy.
. " el o] L
2. It proved the feasibility of "breeding"; that is, the abiliky
to make fissionable plutonium,. an jexcellent. fuel, while it -
produced power. - ‘ o
: o b ‘ o
3» It was the first sizeable power regctor to use liquid metal ;-
- coolant. o N i
L. Tt was the first reactor to produce powar in useful amounts
» from a plutonium core. (The fourth and final core loaded =2
int¢ the reactor.) - 3 _ “n
£ l; b €.
o» It was the first reactor to be pladed in operation at the AEC's
vast National Reactor Testing Station, the home of about 20
i reagtors working in key ARC programs. LA
Ih,Noveﬁber, 1963, one month befoﬁe EBR-I completed. its world—réﬁpwned
missioﬁ, a more advanced Tast breeder reactor, designed and operated by Argonne,
- the Experimental Breeder Reactor IT, bggen qperation just 26 miles to the east
of the EBR-I mational historic site. EBR-IE, designed to produce 62.5 megawatts
of thermal héat with 20 megawatts of electricity through a conventional steam
system, is twenty times as large as EBE-I. 'As a second-generation reactor, its
systems and components are more sophisticated. Still, it is a pioneer. facility
to develop the fuels of future power-regactors and to process them through
another conceptual "first", the on-site,Fuel Cycle Facility adjacent. to the
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reactor itself. In this demonstration of & closed cycle operation, fuel from
.the reactor is disassembled, processed Pyrochemically, and Treassembled, all
by remote means for return to the reactor.

Argonne National Laboratory, operated by The University of Chicago under
contract to the U. 8. Atomic. Energy Commission, currently operates the Transient
Reactor Test Facility (TREAT), Zero Power Critical Facility No. 3 (ZPR-3}, and .
Argonne Fast Source Reactor (AFSR), in addition to EBR-II at the AEC-Idsho site.
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The objectives of building EBR -] included,first the investigation
of the feasibility of breading in a fast reactor by actualidemonstration and,
second, to gain experience in the design and use of é liquid metal reactor coolant
system.
Operation with two highly enriched uranium core loadings established
that a breeding ratle éf at least one had in fact been accomplished, and additienal
measuremants indicated that values a8 high as 1, 2to 1.3 could be expected in

a larger reactor of modified dealgn.

During eperation with the second fuel loading, iastability at powe
to coolant ratios above normal became apparent. In the investigation of this
effcct, the core was damaged, and the experiments were terminated, It beéamc
¢lear then th.aLt objsciive number three must be the hu-ﬁur undarstanding of
fast ruetoé kinstics with specific emphasis upen explaining the EBR -1 instability.
A third core (Mark II1) was thus designed which had the ability of
resisting motion of ite compenents by being made very rigid. Coolant flow
could also be in either series or parallel through the inner blanket and core.
Experiments with this arrangement have indeed provea that a fast
reactor does not exhibit any inharent kinetic characteristics which would produce
instabilities at levels which are many times design full power.
The completicn of this investigation mmst rest upon the demonstration
that reactor characteristics may be varied at will, Among these is the prowmpt

positive power coefficient. By removing support {rom the center of the fuel

elements, it is expected that a prompt positive coefficient will be seea. This





Would aid in the explanation of the second loading instability. Experiments of‘
this iype are currently being acmylithcd. |

Foliowing the completion et the kinw&i.@ stné.ieu. operation of the
Mark LI core will ba for the irradistion of va.rious fual sa.mplu which will be
placed in the reactor., It is expccted that this operation _wuld' be completed
by Jaly, 1960. | |

A fall plutonium core (Maik W)is belng d&gi@td for installation
into the rcaatar-fouoﬁng the Mark Ul cove. Fuel éimm‘u vrﬁl contain one
parce;xt aluminum piaténium #1101.. This high anﬁghmex_xt‘i_s ne&caauy_ because
of the amall Qin of the vsacter. |

Operation of thie core should result in iniormuen by comparison
with previocus ones. However, since the muterial will not be that which is
proposed for larger future reactors, this test will mean little in evaluating
new materials.

It is expected, as is usually the aﬁe. that actual operation will
point out new problems and thus might be worthwhile on that basis. The decision
to operate with & plutoniurm core has been mad&l largely through the urging and
interest of the AEC, | |

Camﬁaﬁm of the Mark IV operation is empected to be by July,
l‘v%lv. Following this, the reactor could be used to irradiate carbides or
cxides of uranium or plutonium in the form of full core loadings. Since the

reactor is small, it would probably have to be loaded with fuel in the blankset
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section, thus thinning the blanket and inereasing the power. thah would be pro-
duced ia the suter air eool#d blanket, Cooling of this m‘ld'he a problem
unless it were completely redesigned or replaced with one of non=fissionable
heavy metal.

Operation with leadings such as this would continue to July,
1964, By this time other larger fast breader reactors such as EBR.-II
should be available for such teste. If this is the eaﬁe. discontinuation of

opevation of this reactor at that time would be in order.





EBR~1

ETAFF MANPOWER REQUIREMENTS

FY 1966 1961 1962 1963 1964 1965

3 4 5 3 4 )

MAJOR ITEM COSTS
FY 1960 ' $100, 000
Faeility modification for Pu loading
New fusl subasssmblies
Additional instromestation
Yault modification {ventilation) '
Cave modification (new manipulators, sevized ventilation)
Foselbls hood ovar reactor
Cont of fuel not inclunded
¥Y 1901} $50, 600
Keagtor parts for ceramic loading
Y 1902 $154, 608

Modify reactor outer blanket
¥uel slementy

FY 1963 $54, 900
Fual slements
FY 1964 %25, 600

Fael asleropents






' UNITED STATES :
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
' IDAHO OPERATIONS OFFICE

550 Second St.
ldaho Falls, 1daho 83401

May 9, 1975

Mr. Meyer Novick

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, Illinois 60439

Dear Mr. Novick:

.Beginning in mid-June this year, the historic Experimental Breeder Reactor
No. 1 at the Idaho National Engineering Laboratory will be open daily for
public visits. You may recall that EBR-1 played a key role in the early
development and demonstration of technology associated with the liquid
metal fast breeder type reactor. As a result it was designated by the
National Park Service in 1966 as a Registered National Historic Landmark
and formally dedicated the same year by then President Lyndon B. Johnson.
Funds to make the facility suitable for public traffic became available
last year, and that work has now been completed.

Exhibits explaining the facility are being provided by the Energy Research
and Development Administration. The National Park Service will supervise
public visits during the summer months. '

I have scheduled a special ceremony in advance of the public opening, and
you are cordially invited to join us for this occasion at EBR~-1 on Tuesday,
June 10, at 9:30 a.m. The ceremony will last about one hour. Robert W. Fri,
ERDA Deputy Administrator, plans to participate, together with a number of
other national, state, and area officials. We are also hopeful of having
some of those associated with the facility during the time of its operation.

Bus transportation will be provided from Idaho Falls for those who wish to
depart from there. The bus will leave from the Westbank Motel at 8:00 a.m.
Those preferring to drive to the area are welcome to do so, of course. A
map is enclosed for your guidance in reaching EBR-1, which is circled in red.

Please fill out and return the attached card so we will know whether or not
you can attend the preview opening. Should you desire our assistance in
making reservations for motel accommodations, please so indicate.

I'11 look forward to learning that you plan to be with us on June 10.”

Sincerely yours, e
QO\’UT’ Ojv o ’ I

< 8, . N
Q O ol 7 4. v,",-"l.
T 3 ! : / o
] m v

?5 'é; R. Glenn Bradley

ﬁa’ ﬁérEnclosures: Manager

7776 4g1© Map
6-19 Return card






'PRESS RELEASE RECALLS 10TH ANNIVERSARY OF EER-I

© The following is the substance of a press réléaée issuéd on Decémber 20, -

1961, the 10th Amniversary of the first. generation of useful .amounts of elecw . -

o otricity by EBR-I. "It is reprinted here because of its background informhti@ﬁ:;f'
o and timeliness: S : S e S

- The participating scientists called it a. "routine" experiment, but within

~days it was news around the world. Ten years ago today at the U. S. Atomic
Energy Commission's National Reactor Testing Station west of Idaho Falls, Idaho,
the world's first useable .amount of electricity was generated from atomic power .
The reactor was Argonne National'Laboratoryfs‘Experimental Breeder Reactor I
(EBR~I), the first to be built and placed in operation at the Idaho test site.
Twenty nuclear reactors now Operating at this site have made vast technological
contributions to an industry that -vas only an infant ten years ago.

With modest pride, the l6»persons prepent for the "experiment" chalked
their names on the concrete wall ahove the turbine shortly after the success:
'W. H. Zinn, M. Novick, E. W. Pettitt, R. Camercn, B. C. Cerutti, E. J. Barrow,
L. E. Loftin, C. R. Gibson, H. V. Lichtenberger, L. J. Koch, G. K. Whitham,
M. L. King, (G. H. Stonehocker, K. Johnson,yand F. D. McGinmnis. Above their
- names they wrote, "Electricity was first generated here from Atomic.Energy on
December 204 1951. On December 21, 1951, all of the electrical power in this

building was supplied from abomic energy."

Back im 1946, rolling toward pesgcetime applications of the atom.after the
war, The University of Chicago's Argagnne National Laboratory, began .active
experimental work on a liquid metal-cooled; fast neutron breeder reaghor.
1948, -the feasibility of building a reactor system using high-temperature
sodium-potassium alloy to carry away sthe heét of fission was established, and
construction of EBR-I was started late in 19k9. ;

By

g £ i e :
In reakity, the 1951 experiment was the culmination of a long series of
experiments that had preceded it; therefore, perhaps, the matter-of-fact atti-
tude of the men who made the news. The Ney York Times described it as follows:
"There was a restrained excitement, Hut no handshaking or backslapping as the
ten or a dozen men observed the manugl operation that cut in on the “house
circuit' atthe station ang brought about the operation of the entire equipment
of the station by electric power generated, from atomic energy." v
. W i e} W
The logal Idaho Falls Post-Register quoted the project engineen, H. V.
Lichtenberger, as saying, "It was one,of those things for which you have been
preparing for years and you expect it to come through. When I turfied the switch
I guess I was more interested in how the circuit breaker would function than I
was in the gignificance of the test. "y {

A Lo 1 5 T

Less than two years later, on July L,,..1953, it was annocunced that. EBR-I
had proved the feasibility of the b}eedincrconcept in which a reactqrjcreates

A

o5

as much or more fissionable materisl (fuel) as it "burns" during operation.

301
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Since the fuel material, U-235, exists in natural uranium ore in the small
proportion of T/lO of one per cent, it should now become possible to extend
these uranium resources .several hundredfold by breeding plutonium in a fast
breeder reactor. ‘ .

In January, 1955, the nucleus of the EBR-I staff formally became Argonne's
Idaho Division. The Division pioneered and proved the feasibility of another
reactor concept, the boiling water reactor, and in a series of experiments on
the BORAX reactors, in July of its initial year as a division, used BORAX IIT
to supply the town of Arco, Idaho, with all of i1ts power requirements for a
time--another 'world's first." Architect-engineer for the EBR-T was the Austin
Company, Cleveland, Ohio, and Bechtel Corporation, San Francisco, California,-
was the constructor. Total construction cost was about $2.7 million, with an
additional $2.5 million spent by the Laboratory for research and engineering
development over a four-year period. _

Argonne National Laboratory is operated by The University of Chicago for
the Atomic Energy Commission. Its main site is located 25 miles southwest of
Chicago, Tlhinois. Dr. Albert V. Crewe isnthe present director of the Labora-
tory.  Meyen Novick, one of the participanfis- in the EBR-I design, construction,
-and early experimente, is director of-the Fdaho Division. ;-
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View vertically downward of the EBR-I,
showing shield of the reactor and top
of the reactor tank.

Cross-section conception of

the EBR-I complex. Sl
\REACTOR CORE

Diagrammatic illustration of the nuclear
process which takes place in a breeder
reactor.

THS EMTTED NEUTRON

- REPLACES ONE WHICH
CALUSED FISSION

 ECEGTROMAGNETI

Control Room of the EBR-I.






EBR-1; Its Development and Construction

by Leonard |. Koch, Reactor Engineering Division

A significant aspect of the EBR-I development relates to
the state of technological development at the time. Little was
known about fast reactors or liquid metal coolants and the
capability for developing a broad-based technology did not
exist. It was not possible to undertake a full fledged investi-
gative program or to determine in detail the data required for
such an advanced reactor concept. It was necessary to exercise
judgment (and intuition) in almost every area and to pro-
ceed with faith in those judgments, EBR-I was perhaps the
most “under-developed” reactor ever constructed in peace
time. Its successful operation must be considered a tribute to
the application of judgment and intuition when facts and
knowledge were absent.

Walter H. Zinn fathered the concept and nurtured it to
maturity. He set the pattein for applying basic reasoning
when the facts were not available. By example rather than
edict, he stimulated curiosity, caution, and the exercise of
judgment.

Although there was a strong belief that fast reactors would
breed, there was little experimental evidence to prove this.
EBR-I was to be a “proof of principle” experiment to investi-
gate this phenomenon. Data from critical experiments and
other nuclear assemblies did not exist. It was necessary to
design the reactor on the basis of very fragmentary information.

The technology of alkali-metal coolants with respect to their
use as heat transfer fluids was essentially nonexistent. It was
known, however, that they were highly corrosive and very
reactive with water and air. Also, if the energy produced in
the reactor was to be used for breeding and the generation of
useful power, more had to be learned about the high tempera-
ture-heat transfer propertles of these materials. ,

Subsequent investigation revealed that the sodium-potas-
sium alloy (NaK) selected as the coolant was an extremely
poor lubricant and considerable ingenuity would be required
in the development of moving machinery to operate in the
coolant. In many cases, problems that could not be solved
were by-passed. The “lubrication” problem was by-passed
by eliminating bearings in the rotating mechanisms, such as
pumps, and the moving parts of the reactor control system
were arranged external to the reactor vessel and thus out of
the reactor coolant system.

It also was necessary to terminate investigations when the
first satisfactory solution was found even though it was quite
probable that a better solution could be found with more time
and effort.

A minimum study of corrosion and materials was made,
and Type 347 stainless steel (columbium stabilized 18-8 alloy)
was found to be satisfactory. On the basis of the experimental
evidence and known behavior of this alloy, the most favorable
composition within the normal specifications for this mate-
rial were established. A major task was then undertaken for
the fabrication of all of the reactor critical components from

this exact alloy. This was accomplished by having a single
blast furnace loading (known as a “heat”) of special 347
alloy produced to our specifications. This single heat of steel
was then fabricated into plate, tubes, sheet, etc, for subse-
quent fabrication into the variety of parts comprising the
reactor vessel and all of its internals. This involved the manu-
facture of forgings, plate, sheet, tube rounds, tubing, etc.
Many fabricators were involved, resulting in a difficult sched-
uling and coordinating job.

Many special developments were required—far too many
to describe; however, some can be selected as typical of the
variety of efforts involved.

The problem of pumping liquid NaK was a formidable
one. Very little experience was available from which to draw;
however, every possible avenue was exploited, including the
methods used for pumping molten magnesium in foundries.
It was decided that mechanical pumping and electromagnetic
pumping be explored simultaneously. Because of its high
electrical conductivity, it was possible to impart the pumping
force directly on the fluid in an electromagnetic type of pump.

Much effort was involved in the development of pump
theory and fabrication of practical units. The major chﬂiculty
confronting the use of mechanical pumps related to the “bear-
ing problem.” Although significant effort was given to the
development of bearings which would function in sodium,
the problem was finally circumvented by the development of

The late Arthur H. Barnes, Director of the Reactor Engineer-
ing Division at the time of his death, points to a schematic
darwing of the electromagnetic pump which he, G. Kirby
W hitham, now of the Idaho Division, and Fred A. Smith, now
of the COO-AEC, developed for the EBR-I. A sedled, all-
metal system with no moving parts, it was developed to pump
the coolant (NaK) through the fast breeder reactor.





Steam genevator developed at Argonne for wse with EBR-I.
In addition to dssuring high steam generating efficiency, the
generator contains unigne design features which prevent mix-
ing of the reactor’s alkali metal coolant and water or steam
*which, in contact, react violently. Steam from this generaior
is conducted to a superbeater from which it emerges at a
temperature of 550 degrees Fabrenheit and at a pressure of
400 pounds per square inch.

“over-hung pumps”
sodium.

Both pump developments were successful, and as a result
the EBR-I primary system contains one mechanical pump and
one electromagnetic pump operating in parallel. Both are
full capacity units, and normally the electromagnetic pump
is operated and the mechanical pump is maintained as a stand-
by. Both have functioned remarkably well and have provided
essentially trouble-free service over the life of the plant.

The development of the steam generator for the EBR-I
system posed another major problem. Violent reaction be-
tween NaK and water was of course well known, and it was
therefore impemtive that a heat exchanger be developed
which would insure the absolute separation of these two
fluids. This was accomplished by the development of a “triple-
tube” unit consisting of a nickel-copper-nickel concentric trip-
lex tube. A triple failure, i.e.,, of both nickel tubes and the
copper tube, was necessary for sodium and water to come in
contact. Grooves were machined in the copper tube to permit
testing of the annulus and the determination of a leak of
either water or sodium. These units have operated perfectly
and no failure has occurred.

Of course, one of the major areas of development involved
the fuel elements for the reactor. This included the fuel
itself, the structural material, and the over-all assembly. At
that time, unalloyed beta-treated uranium appeared to be the
most suitable fuel for this application. Methods of fabrica-

which contained no bearings in the

8

tion of the cylinders of fuel were developed as well as the
complex structure for permitting the close-packed assembly
necessary in the reactor. Methods of forming “ribbed tubing”
were necessary as well as extremely reliable weldments and
locking devices, etc.

Perhaps the most interesting and difficult problems arose
with respect to the problem of transferring heat from the fuel
through the cladding and to the flowing coolant. The required
thermal performance could be achieved only if good heat
transfer could be accomplished between the fuel and the fuel
tube. This could not be done metallurgically because uranium
and stainless steel are incompatible and form a very poor alloy.
It was decided to accomplish-the heat transfer by means of a

“liquid-metal bond™ by filling the gap between the fuel and
the tube with liquid NaK. It was determined that liquid NaK
would “wet” both of these materials and would transfer the
heat with very little temperature drop. A major development
was then undertaken to establish the techniques for filling the
tubes and insuring that they were completely filled (without
bubbles or voids, etc.). It was also necessary to insure that
they were filled to the proper level. Although the procedures
were quite complex, they consisted of filling the tubes, con-
taining the uranium cylinders, with NaK from a hydraulic
cylinder. To insure filling to the proper level, each tube was
over-filled, and then the excess removed with a special syringe.
To insure that there wete no voids in the annulus, the tubes
were filled with radioactive NaK irradiated in CP-3. After
filling, each tube was placed in a casette with X-ray film,
producing a radiograph from the gamma rays emitted by the
NaK itself. This would, of course, indicate any voids by
virtue of under-exposute in that location. Needless to say,
a large effort went into developing the technique, the resolu-
tion of the data, and the conduct of the entire operation behind
shielding to protect the operators from the radioactivity.

There was considerable concern about the loss of the thud
metal bond inside of the fuel tubes, which would result in
overheating of the fuel. This could occur if the fuel tubes
were to leak at the bottom and the bond run out of the tube
or be forced out by internal pressure. As a result, it was
particularly important that pressure not build up inside of the
fuel tube which could force the liquid bond out if a leak were
to occur. The tubes were sealed at one-half atmosphere abso-
lute pressure after filling. The pressure increase due to tem-
perature in the reactor would raise this to almost atmospheric
pressure. A large gas volume was provided inside. of each
fuel element by utilizing its long “handle,” thus providing
space for fission gases which might be released from the fuel
during irradiation.

It was unknown to what extent pressure would increase in
the fuel elements, and because this was a critical matter very
ingenious pressure gauges were developed and installed in
the upper end of each fuel element handle, This was ex-
tremely difficult because space limitations permitted only about
%g-inch diameter for the pressure gauge. A gauge was finally
developed which consisted of a small bellows actuated by
pressure difference which in turn moved a small anvil adjacent
to an electromagnet. The movement of the anvil could be
measured electrically, and a system was developed whereby
each of the pressure gauges was scanned continuously and the
pressure recorded. It was impossible to build identical small
gauges, therefore it was necessaty to individually calibrate





each unit and retain the calibration. In a sense, each fuel ele-
ment was made into an experimental unit.

It is interesting to note that liquid metal bonding of fuel
elements has been employed since in many reactors and is a
most acceptable method of providing the needed heat transfer
where the fuel and the jacket cannot be metallurgically joined.

There were, of course, many other necessary developments.
A large number can be related to the intricate geometries and
close tolerances resulting from the necessity for close packing
of the fuel elements within the reactor. Since it was neces-
sary that the fuel be well supported, the internal structure of
the reactor represented a challenging design and fabrication
problem.

Another complex area relates to the reactor control system
and the externa] reflector of the reactor. The control rods were
located in the cup-shaped reflector surrounding the reactor
vessel, all mounted on a hydraulically operated elevator located
immediately below the reactor. It was necessary that the cup
be removable so that pie-shaped bricks, from which the re-
flector was fabricated, could be removed and stacked. This
required accurate movement of the five-ton cup assembly to
an adjacent hot lab where remotely operated machinery for
“brick stacking” and other manipulations could be performed.

A third general area of development involved the various
components required in the NaK circulation systems, including
instrumentation, valves, etc. All of these required basic develop-
ment since circulation of NaK as a heat transfer fluid was
essentially unknown. '

EBR-I was a “first” in the true context of a developmental
project in new and unchasted areas. It was accomplished in
a somewhat different administrative manner from that
employed by the Labordtory for subsequent reactors. EBR-I
was not the province or responsibility of a single division of
the Laboratory. Although many participated in its develop-
ment, the basic responsibility for the development and con-
struction (and later its operation) was assigned to a small
project group reporting directly to Walter Zinn, the Laboratory
Director. Because of his personal interest, Mr. Zinn certainly
was the unofficial Manager or Coordinator of the entire opera-
tion. Needless to say, his ability to exert “influence” within
the entire Laboratory family was extremely helpful and con-
tributed to the success of this undertaking.

Harold Lichtenberger, the Project Engineer, led the Project
Group and assumed personal responsibility for the basic over-
all facilities design. He also assumed primary responsibility
for directing the efforts of the Architect-Engineer (The Austin
Company). The close proximity of all concerned assisted
immensely in achieving the communication and getting the
job accomplished. The Project Group and the Architect-Engi-
neer forces both were housed in Building 12 at the DuPage
site during the early and critical design phases.

Other members of the Project Group and their primary
responsibilities included:

Leonard Koch (Associate Project Engineer), Bernard

Cerutti, and Elmo Stone: Reactor Components.
Meyer Novick (Senior Engineer), Datrel McGinnis: Heat
Transfer, Flow Systems, etc.

Newman Pettitt: Physics, Shielding and Instrumentation.

Reid Cameron: Fuel Element Bonding

This group transferred to Idaho and assumed responsibility
for placing the plant into operation. Other groups not directly

Twelve who were in Idaho ten years ago when Argonne gen-
erated the first electricity from nuclear power pose in front of
the bistoric sign chalked on wall over the turbine at the EBR-I.
Of the twelve, only Leonard |. Koch of the Reactor Engineer-
ing is not a member of the Idaho Division. Front row, I to r,
are Mrs. Wilma S. Mangum, Charles R. Gibson, Orin E. Mar-
cum, G. Kirby Whitham, Meyer Novick, Milton Wilkey,
Frank D. McGinnis, Mr. Koch, and Weslie E. Molen. Back
row: Bernard C. Cerniti, Lester E. Loftin, and Earl |. Barrow.

within the project, but very closely associated and inter-
related, included:

Arthur Barnes, Kirby Whitham, and Fred Smith: Electro-
magnetic Pumps and Special Sodium Instrumentation.
(Kirby Whitham also transferred to Idaho with the
Project Group.)

Robert A. Noland, Arthur B. Shuck, and David E. Walker:
Fuel Elements, Blanket, Metallurgical Control, and the
development of fabrication techniques.

Many other groups, of course, participated and assisted in
providing the “back-up” required. Because of the large amount
of design performed by the Laboratory staff, 2 small segment .
of the Drafting Group which eventually became the Reactor
Engineering Division Drafting Section must be included; par-
ticularly Ernest Hutter, who worked on many of the more
difficult design problems and served in a sense as Mr. Zinn's
petsonal designer; Leonard Bogorad, who scheduled the work
through the drafting group and kept many items from falling
into “‘cracks”; and Jim Shimkus, who served as the checker
for most of the Argonne generated design drawings.

Similarly, much of the equipment was assembled and tested
at the Laboratory. A small group of technicians was deeply
involved and Otto Hillig, Clarence Edburg, Vincent Shoe-
maker, and Joseph Reid, along with many others, should
be remembered.

‘The EBR-I must be recognized as'a tribute to bold imagi-
nation, cooperation, and the willingness to undertake calculated
risks in the absence of complete technological data. Its success
is evidence of the rewards which can be obtained by employing
these judiciously. :
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2.1 INTRODUCTION

The purpose of this document is to provide an Idaho National Engineering and Environmental
Laboratory (INEEL) “Site” profile that contains technical basis information, to evaluate the total
individual occupational dose for claimants under the Energy Employees Occupational lllness

Compensation Program Act of 2000 (EEOICPA).

Technical Basis Documents and Site Profile Documents are general working documents that provide
guidance concerning the preparation of dose reconstructions at particular sites or categories of sites.
They will be revised in the event additional relevant information is obtained about the affected site(s).
These documents may be used to assist NIOSH in the completion of the individual work required for
each dose reconstruction.

In this document the word “facility” is used as a general term for an area, building or group of buildings
that served a specific purpose at a site. It does not necessarily connote an “atomic weapons
employer facility” or a “Department of Energy facility” as defined in the EEOICPA (42 U.S.C. § 7384l
(5) and (12)).

The INEEL played a major role in early reactor research and development. The Site has operated 52
reactors plus fuel handling and reprocessing and radioactive waste storage and disposal facilities
since it began operations in 1949. The purpose of this Technical Basis Document (TBD) is to assist in
the evaluation of worker dose from INEEL processes using the methodology in NIOSH OCAS-1G-001
External Dose Reconstruction Implementation Guideline (NIOSH 2002a) and OCAS-IG-002 Internal
Dose Reconstruction Implementation Guideline (NIOSH 2002b).

This TBD provides supporting technical data with claimant-favorable assumptions to evaluate the total
INEEL occupational dose that can be reasonably associated with worker radiation exposure as
covered under EEOICPA legislation. The documentation in this TBD addresses evaluation of
monitored and unmonitored worker exposure and missed dose. In addition, it presents the technical
basis of methods used to prepare the INEEL worker dose records for input to the NIOSH Interactive
RadioEpidemiological Program (IREP) and the Internal Modular Bioassay Analysis (IMBA) computer
codes used to evaluate worker dose. It also presents information on the uncertainty for recorded
INEEL exposure and dose values.

This section describes the facilities and processes and historical information related to worker internal
and external exposures for use when actual monitoring data may be unavailable.

Proving the Principle, A History of the Idaho National Engineering and Environmental Laboratory,
1949-1999, by Susan M. Stacy (Stacy 2000) was used as a resource in the development of facility
and process descriptions.

INEEL or “the Site” is an 890-square-mile reservation encompassing almost 572,000 acres with a
maximum distance of about 39 miles from north to south and 36 miles from east to west. It is 30 to 60
miles west of Idaho Falls, Idaho. Major Site-related research facilities and offices are in Idaho Falls.
The Site, situated on the Snake River Plain of southeastern Idaho at an elevation of about 5,000 ft., is
above the Snake River Plain Aquifer.

In 1949, the U.S. Atomic Energy Commission (AEC) established the National Reactor Testing Station
(NRTS) in Idaho as a Federal reservation to build, test, and operate nuclear reactors. The Site
utilized a variety of support facilities and equipment. In 1974, the NRTS became the Idaho National
Engineering Laboratory (INEL) and, in 1997, the Idaho National Engineering and Environmental
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Laboratory (INEEL). On February 1, 2005, the site became the Idaho National Laboratory (INL)
combining the research side of the INEEL and ANL-W and the Idaho Cleanup Project (ICP) working
on closure of inactive portions of the site.

INEEL is unique among U.S. Department of Energy (DOE) facilities because it is a large complex site
with many independent technical areas, contractors, goals, and missions. Table 2-1 lists historical
prime Site contractors and the years they operated. The prime contractor provided some services to
the other contractors and operated most of the facilities. Some of the specific technical areas were
operated in part by other contractors during the tenure of the prime contractor. Table 2-2 lists those
facilities and technical areas and the dates contractors other than the prime contractor operated them.

Table 2-1. INEEL prime site contractors.

Operating years Prime contractor

1950-1966 Phillips Petroleum Company

1966-1972 Idaho Nuclear Corporation (Allied Chemical Corporation, Aerojet General Corporation,
and Phillips Petroleum Company)

1972-1976 Aerojet Nuclear Corporation

1976-1994 EG&G Idaho

1994-1999 Lockheed Martin Idaho Technologies Company

1999-2004 Bechtel BWXT Idaho, LLC

2005 Battelle Energy Alliance for INL, CH2M Washington Group for ICP

Table 2-2. Other operating facility technical area contractors.

Argonne National Laboratory—West

1949-2004 | University of Chicago

Idaho Chemical Processing Plant (Idaho Nuclear Technology and Engineering Center)

1950-1953 American Cyanamid Company
1953-1966 Phillips Petroleum Company
1966-1971 Idaho Nuclear Corporation

1971-1979 Allied Chemical Corporation
1979-1984 Exxon Nuclear Idaho Company
1984-1994 Westinghouse Idaho Nuclear Company

Aircraft Nuclear Propulsion Program (ANPP)

1952-1961 | General Electric

Specific Manufacturing Capability

1983-1986 Exxon Nuclear Idaho Company
1986-1991 Rockwell INEL

1991-1994 Babcock & Wilcox Idaho, Inc.

Dosimetry services at INEEL were unique among DOE facilities in that DOE Idaho Operations Office
(DOE-ID) personnel operated and provided internal and external dosimetry services. The DOE-ID
dosimetry branch provided and analyzed external dosimetry badges, counted workers in the whole
body counter, and analyzed bioassay samples. DOE also provided portable radiation survey
instruments and maintained and calibrated them. Originally, DOE-ID personnel at the Radiological
Environmental Sciences Laboratory (RESL) in Building CF-690 in Central Facilities Area maintained
exposure histories of personnel based on dosimetry records, including bioassay data. With the
advent of the DOE Laboratory Accreditation Program (DOELAP), dosimetry responsibility was
transferred to the prime contractor on January 2, 1989, to eliminate a conflict of interest on the part of
DOE-ID.
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Figure 2-1 shows the relative location of each facility or technical area discussed in this TBD. The
following sections describe each facility and its processes, with the exception of the Naval Reactors
Facility (NRF), a naval propulsion facility exempted under EEOICPA. The subsections for the facilities
and technical areas and processes contain information on the particular area.

TO BLACKROOT

Figure 2-1. Map of the Idaho National Engineering and Environmental Laboratory.
Facilities include the Argonne National Laboratory-West (ANL-W), where the
Experimental Breeder Reactor No. 2 (EBR-II), Transient Reactor Test Facility
(TREAT) and Zero Power Plutonium Reactor (ZPPR) are located; Auxiliary Reactor
Area (ARA); Central Facilities Area (CFA); Idaho Chemical Processing Plant (ICPP)
[now the Idaho Nuclear Technology and Engineering Complex (INTEC)];
Experimental Breeder Reactor No. 1 (EBR-I); Boiling Water Reactor Experiment
(BORAX); Radioactive Waste Management Complex (RWMC); Special Power
Excursion Reactor Test (SPERT) area; Grid lll, the test grid where the Fuel Element
Burn Tests (FEBT) A and B occurred; Test Reactor Area (TRA); the Experimental
Field Station (EFS); Naval Reactors Facility; Test Area North (TAN), where the Initial
Engine Tests (IETs) occurred; and the Core Test Facility (CTF) at TAN.
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Personnel working at INEEL in designated radiological areas were typically required to wear state-of-
the-art dosimetry (film badges, thermoluminescent dosimeters [TLDs], personal ion chambers [PICs],
respiratory protection, anti-contamination clothing, etc.). Facilities and radiological areas were
monitored by remote and portable radiation/remote area monitors (RAMS) and continuous air monitors
(CAMs). Portable RAMs, CAMs, air samplers, etc., were used for work where fixed units were not
available. In cases where airborne radioactivity might be present or where internal exposure was
possible, applicable respirators were provided to prevent/reduce internal exposure.

Engineered systems were incorporated as practicable to minimize the potential for radiological
airborne radioactivity and direct radiation exposure. Bioassay programs were instituted to monitor
and assess potential internal exposures. Environmental monitoring systems were placed around the
Site at multiple locations to measure direct radiation, fallout, effluent discharges or releases to onsite
personnel and to members of the public. Each facility has had film or TLD badges in specific building
areas and around perimeter fences to measure direct environmental radiation accumulation at the
location as a check and balance on source terms within Site locations.

In addition to the nuclear reactor experiments discussed below in relation to the TRA, there have been
other such experiments at INEEL. Table 2-3 lists common radionuclides for reactors.

2.2 TEST AREA NORTH

TAN is 30 miles northeast of the Central Facilities Area. General Electric Corporation (GE) opened
TAN in 1952 for the Aircraft Nuclear Propulsion (ANP) Program, which operated during the 1950s and
early 1960s. Additional facilities built to support the program were the Initial Engine Test (IET)
Facility, the Technical Support Facility (TSF), and the Water Reactor Research Test Facility
(WRRTF).

During the 1970s the Loss of Fluid Test (LOFT) Facility was built at the west end of the TAN area next
to the aircraft hanger built to support the ANP Program. LOFT was a smaller version of a commercial
pressurized-water reactor designed to allow, create, or recreate loss-of-fluid accidents. In 1983,
construction started on the classified Project X, which later became the Specific Manufacturing
Capability (SMC). The SMC, which was inside the aircraft hanger, manufactured depleted uranium
(DU) armor for the M1-Al Abrams Main Battle Tank.

221 Technical Support Facilities

TSF was built to provide technical and administrative support for the ANP Program. The facilities
included a large Hot Shop, hot cells, storage pool, cafeteria, machine shop, office space, etc. A four-
rail railroad system, with a shielded locomotive and two turntables, connected the IET facility to the
Hot Shop, the Warm Shop, and eventually the LOFT facility.

221.1 Hot Shop/Warm Shop/Hot Cells Annex, 1955 to present

The TAN Hot Shop is in the TAN-607 building. It is 51 feet wide by 165 feet long by 55 feet high. The
walls are 7 feet thick and the windows are 6 feet thick to provide protection to personnel involved in
the examination, handling, analysis, or disassembly of radioactive components.

The Warm Shop, immediately adjacent to the Hot Shop, is one large open room measuring 51 feet
wide by 80 feet long by 50 feet high. A four-rail track system connects the Warm Shop to the Hot
Shop and supports TAN projects. Experiments, projects, or equipment with relatively low-level
contamination or direct radiation were brought to the Warm Shop for modification or repair.
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The Hot Cell annex is on the south side of the Hot Shop and consists of a hot cell and control
galleries. The interior of the Hot Cell is 10 feet wide by 35 feet long. The Hot Cell Annex (TAN-633)
is a one-story building north of and adjoining the storage pool. It consists of four shielded cells with
interlocking sliding drawers for transferring samples.

The Hot Shop and Hot Cells are equipped with cranes, manipulators, and other equipment for remote
handling and work on experiments of all types. The Hot Shop was used extensively for refueling and
repairs on the Heat Transfer Reactor Experiment (HTRE) reactors. Many other activities involving
radiation levels measured up to 50 rad hr™ for brief periods have occurred in the facilities, including
disassembling the Stationary Low-Power Reactor (SL-1) and receiving, examining, and storing Three
Mile Island (TMI) fuel and debris.

Internal exposure potential exists from airborne radioactivity of mixed fission products and activation
products associated with reactor operation (Table 2.1.3).

External exposure exists from mixed fission products and mixed activation products (MAP). Radiation
levels varied from background levels to measured levels greater than 50 rad hr*, principally gamma
rays with energy greater than 250 keV.

2.2.1.2 TAN 607 Storage Pool 1955 to present

The TAN Storage Pool is adjacent to the north side of the Hot Shop. It is 70 feet long, 48 feet wide,
and 24 feet deep. An underground passageway (19 feet by 24 feet) under the Hot Shop north wall
connects the main pool to the Hot Shop vestibule. The vestibule, in the northeast corner of the Hot
Shop, is 25 feet long, 24 feet wide and 24 feet deep. The top of the passageway under the shield wall
is 5 feet under water to protect the main pool area from radiation sources in the Hot Shop.

The TAN Pool was used for storage of reactor fuel, including some commercial fuel and TMI core
debris. In mid-2002, the TMI fuel and debris were moved to INTEC for storage. Radioactive
materials being put in the pool or removed are generally transferred in shielded casks. The casks can
be transferred via the vestibule in the Hot Shop or loaded directly on a truck in the north end of the
pool. The pool is not lined and does not meet current criteria for radioactive storage pools (Bonney et
al. 1995).

The water in the Storage Pool is contaminated with mixed fission (MFP) products, activation products
and transuranics. The major isotopes in the pool are **’Cs, **’Pm, ***Pu, ***Am, and *°Sr, with an
average water concentration of 4.6 X 10 * pCi mI* (Bonney et al. 1995).

Internal exposure potential exists from airborne radioactivity primarily from the nuclides listed above.

External exposure exists from the nuclides listed above.

2213 Storage Pads TAN 690 and TAN 691

The Storage Pads are near the main east-west railroad west of the Hot Shop and east of the
turntable. The TAN 690 pad was used to store three “Abnormal Waste Casks.” Two of the casks are
empty; the third contains filter elements with activity greater than or equal to 100 nCi g™ of
transuranics. External radiation levels are less than or equal to 0.1 mrem hr™.

Storage Pad TAN-691 is west of TAN 607 and contains the “Spent Fuel Storage Casks.” These
casks were designed to investigate the feasibility of storing spent nuclear fuel from commercial





| Document No. ORAUT-TKBS-0007-2 | Revision No. 02 | Effective Date: 07/29/2005 | Page 18 of 71 |

reactors in a dry state without external cooling requirements. The casks have fuel from a Virginia
Power reactor and from LOFT. The casks, which are filled with helium gas and sealed, are monitored
for temperature and pressure and alarm if either deviates from accepted limits. Measured radiation
levels near the casks are 25 to 30 mrem hr™* gamma and about 40 mrem hr™ neutron. The casks are
periodically surveyed and assessed for radioactive contamination.

Internal exposure potential exists from potential airborne leaks.

External exposure exists from activities proximate to the casks. Not all personnel wear neutron
dosimetry.

2214 Radioactive Liquid Waste Disposal System 1959 to present

A radioactive liquid waste system (TAN 666), which was built in 1959, collected and processed
intermediate-level liquid wastes generated in the TAN area and transferred them to one of three
underground 10,000-gallon, stainless-steel collection tanks (V1, V2, and V3). The liquid wastes were
concentrated in an evaporator in TAN 616, and the concentrated solution was pumped to one of two
50,000-gallon underground liquid waste feed tanks (V9 and V10). Solids were separated and sent to
the RWMC. Originally, the liquid effluent was combined with low-level radioactive liquid waste and
discharged to a disposal well. In 1972, INEEL replaced the disposal well with a disposal pond. The
pond was an unlined diked area encompassing about 35 acres that could receive about 33 million
gallons per year (ERDA 1977). From 1959 to 1974, TAN reported liquid effluent releases to the
disposal well or pond of 58 curies, with highest releases in 1959, 1968, and 1969.

Internal exposure exists from potential airborne mixed fission products and activation products.

External exposure exists from activities around the liquid waste system.

2215 Radioactive Parts Service and Storage Area 1955 to present

Storage buildings (TAN-647/TAN-648) and the adjacent storage pads are known as the Radioactive
Parts Service and Storage Area (RPSSA). The facility is in the northwest portion of the TAN TSF
area. The area has residual contamination from earlier projects, including the Heat Transfer Reactor
HTRE-2 and HTRE-3 reactors. The buildings and the contaminated areas are marked with perimeter
fencing and warning signs. Some of the radiologically contaminated soil in the area resulted from
movement of SL-1 debris into the Hot Shop, and some particles were measured as high as 50 rad hr*
beta near contact (*°Sr/Y). The gates and buildings are locked when access is not required.

The RPSSA buildings and areas on and around the pads contain casks, boxes, and equipment of all
types that is either contaminated or radioactive and has to be in a controlled storage area.

Internal exposure potential exists from airborne radioactivity of leaking packages or disturbing
contaminated soil areas containing mixed fission products and/or activation products.

External exposure comes from several items in storage that have had radiation levels in the R hr*
range from mixed fission products and activation products.

2.2.1.6 TAN 607 Radiography Facility

The TAN 607 Radiography Facility was in TAN 607, south of the TAN Warm Shop. The facility used
®Co and '**Ir sources and X-ray units for nondestructive examination of metal welds, parts, or
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equipment. Some of the isotopic sources were in the 100-curie range when first purchased.
Radiography was performed by trained and certified technicians according to approved procedures.
Periodic radiography would be required on a reactor or piece of equipment that could not be brought
to the facility. Applicable procedures were required to evaluate radiological hazards and establish
necessary controls. The Radiography Facility is not operational at present.

Internal exposure is negligible for radiographic activities in the Radiography Facility.

External exposure occurred from activities associated with radiographic sources.

222 Initial Engine Test Facility, 1955 to 1966

The IET (TAN-620) was approximately 1 mile north of the TAN TSF area. It was built as a shielded
test facility to prove that heat from a nuclear energy source could run a turbojet engine. The IET had
high-density reinforced concrete walls 2 feet thick and ceilings 3 feet thick. The floor of the facility
was 15 feet below grade with 14 feet of dirt over the top. After a HTRE test, a locomotive driver in a
shielded cab would hook onto the reactor and return it to the TAN TSF Hot Shop. There were a total
of 26 IET runs involving three separate reactor assemblies — HTRE 1, 2, and 3. Jet engines were
fitted to a HTRE reactor at TSF and transported by the four-rail system to the IET facility.

During the early 1960s, the AEC initiated another nuclear safety program at IET, called Systems for
Nuclear Auxiliary Power (SNAP) Transient (SNAPTRAN). The program evaluated the hazards
associated with using nuclear reactors for aerospace auxiliary power systems. In addition, it was
designed to investigate the consequences of a nuclear accident. Three SNAPTRAN tests were
conducted, with the last two ending in destruction of the SNAP 10A/2 reactors.

The various test series involved a number of power reactor operations that resulted in the release of
radionuclides to the environment. The dates and times of reactor operations, and consequent
releases, varied throughout the duration of the project. Therefore, the meteorological conditions that
existed depended on the time of the tests. All operations were under strict meteorological control, and
permissible wind directions seriously limited operations. On many days, it was impossible to operate
at all, and most of the time operation was possible only a few hours each day (Thornton, Rothstein,
and Culver 1962).

Internal exposure was possible from airborne mixed fission products and activation products. It was
minimized by a filtered intake air system that kept the air pressure in the occupied areas positive in
relation to outside air. The exhaust from the HTRE jet engines was vented up a 150-foot stack.

External exposure occurred from the activation and mixed fission product inventory after tests were
completed and personnel worked on the associated test assemblies.

2221 Heat Transfer Reactor Experiment No.1, December 27, 1955 to January 3, 1959

On November 4, 1955, the HTRE-1 reactor was placed on the test pad at the IET and brought to
power. On December 30, 1955, the reactor was again brought to power with a J47 turbojet engine
attached. The reactor was run on the test stand for 150.8 hours at full power, 20 MW thermal,
exceeding the design requirement of 100 hours. During the first 6 hours of ful-power operation, fuel
element damage occurred in three cartridges caused by a defect in the insulation liners. After the
damaged elements were replaced, power operation resumed. The test was successful in proving the
reactor could run the engines without chemical fuel. The water-moderated and water-cooled reactor
used enriched uranium fuel clad in nickel-chromium (Thornton, Rothstein, and Culver 1962).
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2222 Heat Transfer Reactor Experiment No. 2, July 1957 to March 28, 1961

The HTRE-2 "parent core” was similar to the HTRE-1 core except the central seven air tubes were
removed and replaced by a hexagonal void 11 inches across the flat. A corresponding opening was
made in the top shield plug so sections of advanced reactors could be inserted in the parent core
without requiring removal of the core from the shield. This converted it to a materials test reactor,
which subjected test fuels to environments reaching 2,800°F for extended periods and higher
temperatures for short periods. The ANP Program advanced the technology of high-heat ceramic
reactor fuels. HTRE-2 operated for 1,299 hours at powers up to 14 MW. Test sections consisted of
metallic fuel elements combined with air-cooled zirconium hydride moderators and beryllium oxide
fuel elements for use in ceramic reactors (Thornton, Rothstein, and Culver 1962; Stacy 2000).

2.2.2.3 Heat Transfer Experiment No. 3, 1958 to December 1960

A new HTRE engine was developed with the reactor, engine shielding, and heat transfer system
arranged in a horizontal configuration anticipating final design in an airframe. HTRE-3 operated for
126 hours, running two modified J47 jet engines at power as high as 32 MW thermal. This reactor
was water-cooled and water-moderated, and used uranium fuel clad in nickel-chromium. In
December 1960, HTRE-3 ran two turbojet engines at 2000°F without the help of any chemical fuel
(Thornton, Rothstein, and Culver 1962).

On November 18, 1958, a nuclear excursion occurred during the IET No. 13 test. The excursion was
the result of the dynamic and shim rods being withdrawn by the control system under the influence of
an erroneous reactor power indication. Activity was released from the exhaust stack and a narrow
band of fallout was contained fully within the boundaries of the NRTS. The maximum dose rate
observed in the Assembly and Maintenance area and approximately 3,000 feet from the cloud
centerline was .04 mrem hr’. The maximum fallout observed, at about 4 hours after the incident,
measured 0.8 to 2.0 mrem hr™ at contact roughly 1 1/2 miles from IET (DOE 1991a).

After each HTRE test, the cooling water was drained and replaced with mercury to provide shielding
to personnel working on the reactors. After the HTRE program ended, HTRE 2 and 3 reactors were
parked in the RPSSA. The HTRE engines were moved to the EBR-1 historic site in 1988.

Internal exposure potential existed from the airborne release inventory during reactor operation as
argon and other constituents in the cooling air became radioactive. Fuel elements occasionally
ruptured, which released mixed fission products and activation products to the outdoor environment.
In some cases the cooling air flow to fuel elements was deliberately blocked to determine fuel failure
parameters and characteristics. Fourteen of the tests were categorized as group 1 releases under
National Council on Radiation Protection and Measurements (NCRP) methodology (NCRP 1996);
tests 10 and 4 were ranked the highest. Seven tests were ranked group 2. Fission Product
inventories were based on documented reactor operating histories (RAC 2002). Operations and
support personnel were inside the pressurized control room (TAN-620) during reactor operation
during the testing phase of the HTRE reactor program minimizing their exposure potential.

External Exposure occurred from the mixed fission product and activation product inventory during
work associated with test assemblies after tests were completed.

2224 Systems for Nuclear Auxiliary Power 10A Transient No.1, Early 1960s

The AEC initiated a safety program to evaluate hazards associated with using nuclear reactors for
aerospace power systems. The portion of the program concerned with determining the kinetic
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behavior of the SNAP 10A/2 reactors and the consequences of certain nuclear accidents involving
these reactors was called SNAPTRAN. The tests were conducted at the IET facility at TAN. The
SNAPTRAN program extended the SPERT reactor safety testing program (see Section 2.9) to
aerospace applications. Three test series involving three reactors investigated the behavior of
SNAP10A/2 fuel under large-transient, power-excursion conditions. SNAPTRAN-1 was subjected to
nondestructive tests in conditions approaching but not resulting in damage to the zirconium-hydride-
uranium fuel. The SNAP 10A/2 reactors were 9 inches in diameter by 12 inches long and were
composed of a sodium/potassium (NaK)-cooled core containing 37 rods of fully enriched uranium in a
zirconium-hydride matrix.

2.2.25 Systems for Nuclear Auxiliary Power 10A Transient No. 3, April 1, 1964

SNAPTRAN-3 was the first of two destructive tests on a version of the small reactor (SNAP10A/2)
designed to supply auxiliary power in space. The test, conducted at the IET Facility on April 1, 1964,
simulated the accidental fall of a reactor into water or wet earth, as could occur during assembly,
transport, or launch abort. The test demonstrated that the reactor would destroy itself immediately
instead of building up a high inventory of radioactive fission products. The test involved reactor
operation at a power level of 30,000 MW for 1.5 milliseconds (ms). More than 99% of the fission
products inventory was retained in the surrounding water and reactor fuel remains. No airborne
iodine was detected, so it was presumed that halogens were retained in the water as well as
particulate radionuclides (Cordes et al. 1967).

2.2.2.6 Systems for Nuclear Auxiliary Power 10A Transient No. 2, 1965 to January 11, 1966

This test version of the small space reactor, SNAP 10A/2, was intentionally destroyed on January 11,
1966. It provided information on the dynamic response, fuel behavior, and inherent shutdown
mechanisms of these reactors in an open-air environment. In normal operation, the control drums of
the SNAP10A/2 would be rotated to obtain criticality after the reactor was in orbit. In a launch abort,
however, impact on the earth might cause the reactor drums to rotate inward and the core to go
critical and conceivably destroy itself, releasing fission products to the surrounding environment. The
test data contributed to an understanding of reactor disassembly on impact and methods for
assessing or predicting the radiological consequences. The reactor core was 93% enriched fuel,
containing 4.75 kg of “**U. The reactor operated at a power level of 36,000 MW for 1.5 ms. The
fission product release fractions were reported to be 0.75 for noble gases, 0.70 for iodines, 0.45 for
tellurium, and 0.04 for solids. Reactor operation was assumed to generate 4681 curies of **Ar.
SNAPTRAN meteorological conditions for testing were strict. Weather requirements were to consist
of lapse conditions with no rainfall, and were to persist a minimum of 3 hours after the tests. Wind
had to be southwest (180° to 240°) between 10 and 30 mph (Cordes et al.1965).

Internal exposure potential during the SNAP 10A test series was well controlled by requiring
personnel to stay inside the IET during tests. During the SNAPTRAN 2 and 3 tests, the reactors were
totally destroyed, releasing fission products including **'1, all of which was tracked.

External exposure to mixed fission products and mixed activation products was received during
cleanup of the reactor debris, which was scattered around the test pad and along the four-track rail
system. Dosimetry was required for all personnel.

223 Water Reactor Research Test Facility, 1958 to 1973

The WRRTF is approximately 1.25 miles southeast of the TSF area. The first facility constructed at
WRRTF was the Low Power Test Facility (LPTF) in 1958. This facility was also known as Semiscale
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and was in the east quadrant of WRRTF. The Shield Test Pool Facility (STPF), in the west quadrant
of WRRTF, was built as part of the ANP Shielding Experimentation Program; in 1963, the pool facility
was modified for the Experimental Beryllium Oxide Reactor (EBOR). The EBOR project was
cancelled in 1966 before construction was complete.

The Semiscale facility in LPTF was a forerunner of the LOFT. It was a scaled mockup of one loop of
a four-loop pressurized-water reactor (PWR). The facility was electrically heated to provide steam to
run blowdown tests (Shaw, Boucher, and Loomis undated). No radiological exposure resulted from
the blowdown tests.

Due to the electrically heated experiment cores in the facilities listed in the subsections of 2.2.3,
internal and external exposure from neutron reactions in the reactors did not exist. Exposures will be
noted as applicable at the end of the pertinent test series.

223.1 Shield Test Pool Facility

The STPF, initially used for a reactor experiment known as Susie, was used for bulk shielding
experiments performed in support of the ANP Shielding Experimentation Program. Susie utilized a
sample canister box that was pressurized with inert gas or air to keep it dry. It was at the reactor
centerline and contained 16 sample tubes in which organic samples were irradiated. Susie was a
swimming-pool-type reactor; water-moderated, water-cooled, water-reflected, and shielded by
approximately 17 feet of water. The fuel loading was 4 kg of >*U and the nominal power level was 2
MW thermal. After the ANP Program ended in 1961, Susie was used by other programs at the NRTS
(Walsh 1961). The facility would later become known as EBOR. Since the EBOR project was
cancelled, other experiments were conducted using tracer-level nuclides to investigate the reaction of
water in piping, as well as instrument calibrations. The cell area was filled with piping for pressurized
water tests using up to 25-curie **'Cs sources in a radiography-type environment in which the source
material was cranked out of a shielding cask to be in the proximity of the piping. The Cs and tracer
sources have been removed.

Internal exposure at the STPF was not known to occur due to the low power of Susie, the water
environment, and use of sealed small sources.

External exposures occurred from the use of sealed sources, primarily **'Cs.

2.2.3.2 Low Power Test Facility (LPTF), 1958 to 1973

The LPTF was used to conduct several low-power (less than 100-watt) reactor research programs.
The LPTF contained two shielded cells with three independent control rooms and necessary support
facilities. The north cell, Room 101, was called the Critical Experiment (CE) cell and the south cell,
Room 102, was the Initial Criticality (IC) cell. The test cells are of poured concrete construction with a
4-foot-thick wall between them. The walls between the cells and the control room are 5 feet thick for a
height of 30 feet. The outside wall of the IC cell is 2 feet thick, and the outside wall of the CE cell is 3
feet thick for a height of 30 feet (Kunze and Chase 1970).

The construction of the facility was such that more than one reactor program could be running at the
same time. Heavy experiment pieces could be moved in or out of each cell through large rollup doors
in the back.
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2.2.3.2.1 Critical Experiment Tank, 1958 to 1960

The Critical Experiment Tank (CET) reactor was part of the ANP Program in the CE Cell of the LPTF.
The CET was a low-power reactor originally designed to mock-up the HTRE-1 and HTRE-2 reactors.
It was used primarily to perform critical experiments for insert tests in the HTRE-2 power plant. Fuel
test bundles intended for testing in HTRE-2 were first evaluated for reactivity characteristics in the
CET. The water-moderated CET utilized a beryllium reflector (Becar et al. 1961).

CET was one of three low-power reactors supporting the ANP Program, along with the STPF Reactor
(Susie) and the Hot Critical Experiment (HOTCE) (Hoefer 1957). The ANP Program ended in 1961.

2.2.3.2.2 Hot Critical Experiment, 1958 to March 28, 1961

Located in the LPTF CE cell, HOTCE was an elevated-temperature critical experiment designed to
obtain information on temperature coefficients of solid moderated reactors. The fuel elements
consisted of fuel bearing stainless-steel wire 1/8 inch diameter. The maximum loading was 50.4 kg of
93.2% enriched UO,. The reactor used a hydrided zirconium moderator and a beryllium reflector.
The hexagonal prism-shaped core and reflector were mounted such that the fuel cells were horizontal.
One half was mounted on a fixed table and the other in a movable table so the two halves were
separated. The normal operating power was 1 watt for a period of 1 to 3 hours. The reactor could be
operated at 100 watts for short periods (Hoefer 1957).

2.2.3.2.3 Split Table Reactor System, 1971

The purpose of the Split Table Reactor System was to provide nuclear information on a variety of fast
and thermal spectrum reactors. The reactors were to be assembled, operated, and revised to perform
experiments with both thermal and fast systems. The reactor was operated in the CE cell of the
LPTF.

The reactor was a split-table type, 7 ft 2 in wide and 11 ft long. The reactor was opened and closed
using a hydraulic system. The table was an aluminum matrix structure composed of a stack of
hexagonal tubes mounted horizontally on each table half. When the two halves were brought
together, a single reactor assembly was formed. Normal operating power level was 0 to 500 watts
thermal not to exceed 1000 watts or 10 kilowatt hours per month (Lofthouse 1971).

2.2.3.2.4 Fast Spectrum Refractory Metals Reactor (710), March 1962 to 1968

The 710 reactor was a split-table, low-power critical facility at LPTF. The objective was to collect data
for a proposed fast-spectrum, refractory-metal reactor concept called the 710 Reactor. The concept
involved using metals such as tungsten and tantalum in a compact, very-high-temperature reactor for
generating power in space.

2.2.3.2.5 Cavity Reactor Critical Experiment, May 17, 1967, to Early 1970s

The Cavity Reactor Critical Experiment (CRCE) was an outgrowth of a program started by the
National Aeronautics and Space Administration (NASA) at LPTF to investigate the propulsion of
space rockets by nuclear power, offering the possibility of much greater thrust per pound of propellant
than chemical rockets. The concept for the cavity reactor core was that the uranium would be in a
vapor, or gaseous state. Hydrogen propellant flowing around it would theoretically attain much higher
temperatures (up to 10,000°F) than in conventional solid-core rockets. The experiments at TAN used
simulated hydrogen propellant and produced data on the reactor physics feasibility of a gaseous core
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being able to go critical. The core was uranium hexafluoride (UF¢); the experiments were performed
at the relatively low temperature of about 200°F. In the proposed ultimate application, the ball of
uranium gas would have been 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. During the CRCE program, the UFs was always contained in the storage vessel
or the reactor cavity.

2.2.3.2.6 Spherical Cavity Reactor Critical Facility, 1972 to November 1973

The Spherical Cavity Reactor Critical Facility (SCRCE) was the final experiment in reactor physics
work for the NASA-sponsored program to determine the feasibility of a reactor going critical with a
gaseous core of UF¢. Previous work used a cylindrical configuration because of its ease of
construction. The spherical shape was considered a more likely geometry for the ultimate application
in a rocket to Mars. The SCRCE assembly consisted of two aluminum tanks, one inside the other,
with D,O in the space between the two tanks. The D,O would act as a reflector and moderator and,
during normal shutdown, would be transferred from the reactor to a storage tank (INC 1969).

2.2.3.2.7 High Temperature Marine Propulsion Reactor (630-A), 1962 to 1964

The 630-A reactor was a low-power critical experiment operated at the LPTF. The mission of the 630-
A was to explore the feasibility of an air-cooled, water-moderated system for nuclear-powered
merchant ships. Development ended in December 1964 after decisions to lower the priority of the
entire Nuclear Power Merchant Ship Program.

Internal exposure was not known to occur.

External exposures occurred during cell entry after a reactor run.

224 Loss of Fluid Test Facility, 1973 to July 9, 1985

The LOFT reactor at TAN 650 was a centerpiece in the safety testing program for commercial power
reactors. The reactor was a scale model of a commercial pressurized-water power plant built to
explore the effects of loss-of-coolant accidents (LOCAS). Thirty-eight nuclear power tests were
conducted with various accident scenarios, including the accident at TMI. Among other goals, the
program investigated the capability of emergency core cooling systems to prevent core damage
during a LOCA. Experiments at LOFT simulated small-, medium-, and large-break LOCAs,
sometimes complicated with other events such as “loss of offsite power.” LOFT was deactivated in
1986, following completion of the LP-FP-2 experiment, the most significant severe fuel damage test
ever conducted in a nuclear reactor. That test, which involved the heating and melting of a 100-rod
experimental fuel bundle, provided information on the release and transport of fission products that
could happen during an actual commercial reactor accident where core damage occurred.

The LOFT facility was built in a steel domed reactor containment vessel, 97 feet high, with a
basement. The LOFT Control and Support Building is four stories high with a basement. The
structures are attached at the basement level, and both have reinforced concrete exterior walls.

The control room, visitor center, experimental data recording and display area, sample counting area,
and operation support room were in TAN 630, a two-story underground building. During the final
preparations for a test, the containment vessel doors were closed and the only access to the facility
was through a shielded underground tunnel. During reactor operation and testing, personnel were
restricted to safe facilities in TAN 630.
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Internal exposure was possible from airborne fission product activity in the containment soon after
shutdown. Entries were monitored with a CAM, and respiratory protection was worn as required. On
July 9, 1985, following completion of the LOFT LP-FP-2 test, leakage was discovered from the fission
product monitoring system and the primary coolant system, allowing fission products to enter the
reactor building. Over the following 2-month period, 8,780 curies of noble gas (* Kr) and 0.09 curie of
lodine (**'I) were released to the environment (Hoff, Chew, and Rope 1986; Stachew 1985).

External exposure occurred to personnel working inside the containment vessel or on the primary
system or sample systems associated with the reactor. During initial entry after a test, the fields in
containment were = 100 mrad hr' beta gamma. The short-lived fission products would die off rapidly,
reducing the general fields to = 10 mrad hr* beta gamma.

2.25 Specific Manufacturing Capability (SMC), 1985 to present

The SMC project is in the ANP Program aircraft hanger (TAN 629) and surrounding buildings. The
project consists of Phase I, Phase Il, and support facilities. A Materials Development Facility (MDF),
located in TAN 607A and the TAN Hazardous Waste Storage Area, located in TAN-628, were
formerly part of the SMC project, but have been decommissioned and turned over for other use. The
SMC project is classified. In 1991, the mission was declassified in that the SMC manufactures armor
for the Army made out of depleted uranium (DU). The major radioactivity in the DU is U, ?**Th,
234”‘Pa, and 234U.

The SMC facilities consist of Phase | in TAN 629 and Phase Il in TAN-679 and TAN-681. Metal
fabrication activities are performed in Phase | facilities. Phase Il facilities perform metal rolling in
TAN-679 and waste processing in TAN-681. SMC formerly used a nitric acid system and this waste
was processed in TAN-681. This system was removed and replaced with an aqueous system. The
aqueous waste is processed in TAN-681. All radioactive aqueous waste is collected in storage tanks
for treatment through an evaporator system and the remaining aqueous waste is solidified and
disposed of as low-level radioactive waste.

Internal exposure occurred from normal operations using the DU processes. Metal fabrication is the
primary source of airborne radiological activity, followed by a paint coating process.

External exposure occurred through working with the billets of DU. The large pieces were primarily
handled remotely to minimize exposure.

2.3 IDAHO NUCLEAR TECHNOLOGY AND ENGINEERING CENTER, November 1951 to
present

INTEC, formerly the Idaho Chemical Processing Plant (ICPP or CPP), commonly known as the
“Chem Plant”, is 53 miles west of Idaho Falls and occupies 200 acres in the middle of the INEEL
reservation. The plant stored and processed spent nuclear fuel from university and test reactors all
over the world, from commercial power plants, from most of the reactors at INEEL, and from U.S.
Department of Defense (DOD) projects. INTEC received the first fuel shipment in November 1951.
The first hot run started in February 1953. Reprocessing continued until the fuel reprocessing project
was cancelled in 1992,

The primary INTEC mission involved reprocessing spent nuclear fuel with highly enriched uranium,
which entailed extracting reusable uranium from spent fuels. Each cladding (e.g., aluminum,
zirconium, stainless steel, and graphite) or fuel type called for a different process. The numerous fuel
recycling processes required support facilities for fuel dissolution and recovery of fissionable materials
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(e.g., 29 different process cells) and waste processing. An innovative high-level liquid waste (HLLW)
treatment process known as calcining was developed at INTEC as an additional major mission.
Calcination reduced the volume of liquid radioactive waste generated during reprocessing and placed
it in a more stable granular solid form.

In addition to calcination and fuel reprocessing operations, INTEC is a major fuel storage facility
(FSF). INTEC houses a HLLW evaporation facility, HLLW storage (Tank Farm), airborne radioactive
waste processing, non-radioactive liquid waste disposal, and the Remote Analytical Laboratory (RAL).

Although fuel reprocessing ended in 1992, INTEC continues to support other nuclear projects. For
example, chemical research continues to improve fuel recovery processes, spent nuclear fuel is safely
stored and prepared for shipment to an offsite repository, development of technology to safely treat
high-level and liquid radioactive waste that resulted from reprocessing spent fuel continues, past
environmental releases are being remediated, and some facilities have been decontaminated and
decommissioned. Inactive INTEC facilities are being evaluated for D&D.

Table 2-3 lists the primary long-lived nuclides in the INTEC processes.

Internal exposure might have occurred when workers were near breached and or leaking systems
containing mixed fission products, transuranics, activation products, etc.

External exposure occurred during maintenance work, laboratory work, fuel cutting, and other support
work which briefly exposed workers to radiation rates from background levels to measured levels of =
50 rad hr' beta/gamma.

231 Fuel Processing Facility, CPP 601/602, February 1953 to 1992

The INTEC Fuel Processing Facility (FPF) CPP 601/602 was used for the chemical separation of
highly enriched uranium (HEU) from dissolved spent fuel during reprocessing and to solidify the
recovered HEU for shipment off the site. The process dissolved the fuel in acid, producing uranyl
nitrate and nitrates of fission products and some transuranics. Solvent extraction with hexone and
tributyl phosphate (Boardman ~1956) separated uranium from the fission products.

The Process Building CPP 601 contains 29 heavily shielded underground process cells. The building
is 250 feet long by 102 feet wide and extends up to 57 feet below grade and 38 feet above grade and
features at least seven corridors for different functions (Cederberg et al. 1974). Table 2-4 lists the
cells and processes associated with the fuel reprocessing. With the exception of the Health Physics
field office in V cell, cells were accessible only during shutdown periods for maintenance and
decontamination activities. The process building was designed for handling modest quantities (up to
several kg) of enriched spent fuel due to criticality considerations. It was designed to be remotely
decontaminated so that hands on maintenance could occur. This design feature results in many
activities being conducted with significant dose rates and/or contamination levels.

The Laboratory Building CPP 602 shares a common wall with CPP 601 and is 147 feet long, 102 feet
wide, and about 80 feet high (much underground). It is used to support activities in the process
building.

The final product was uranyl nitrate solution essentially free of impurities and fission products. It was
shipped to Y-12 in 10 liter polyethylene bottles in concentrations exceeding 250 grams uranium/liter
(Lewis et al. 2000). Beginning in 1971 a denitrator in a glove box in CPP 602 was used to convert the
uranyl nitrate to solid UO; using a fluidized bed thermal conversion process.
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In 1956, a process for the recovery of radioactive **°La (RalLa) was assigned to ICPP. The RalLa
process took place in the complicated “L” Cell, and lasted into 1963. As freshly irradiated Materials
Testing Reactor (MTR) fuel was dissolved in acid, the dissolving process liberated gases, one of
which was 8 day half-life ***1. The RaLa process recovered *°Ba for its **°La daughter product and
shipped it to Los Alamos National Laboratory (LANL) for use in weapon research projects.

Beginning in 1965, neptunium was collected from the second cycle partitioning step. In 1972, this
material was cleaned up using two cycles of hexone. Approximately 6.6 kg of neptunium was shipped
to the Savannah River site for use as targets in making Pu-238 in this demonstration project. The
processing was done in CPP-601 and bottling of the product was done in the multi-curie cell of CPP-
627. Afterwards the process did not separate the neptunium so it remained a minor constituent of the
product and waste.

When reprocessing was discontinued in 1992, these facilities were flushed to remove uranium and
hazardous materials and placed in a standby condition. The Fuel Processing Restoration (FPR)
Project would have replaced these facilities. FPR was about 40% complete when construction
stopped in 1992. FPR was discontinued in a manner that preserves the facility for possible use in
future missions at INTEC.

Three criticality events occurred during FPF operation:

Criticality Accident of October 16, 1959 (Ginkel et al. 1960). A bank of storage cylinders
containing dissolved spent EBR-1 fuel elements with enriched uranium was air-sparged (air
was bubbled violently into the solution to mix it). The cylinders were geometrically safe, but
the sparging initiated a siphon that transferred 200 liters of the solution to a 5,000-gallon tank
containing about 600 to 900 liters of water. The resulting criticality lasted about 20 minutes.
No workers were exposed to gamma or neutron radiation from the criticality because the
criticality occurred in an unoccupied below-ground cell. Airborne activity with some entrained
liquid spread through the plant through vent lines and drain connections, triggering alarms and
an evacuation. Pressure in the vessel with the criticality removed about 900 liters of solution
(76 liters remained in the vessel) and unexplainably moved about 600 liters into a companion
vessel. High radiation level (>25 R/hr) was discovered near the RalLa area above the waste
tank. Fields beyond the guardhouse were 2 R/hr. The high fields were probably due to the
large activity in the dissolved spent fuel outside of its intended location. Two people who
evacuated received internal exposures (< 30 mrem) as they passed the evacuation route area
where radioactive gas was being released into the room from floor drains. Twelve evacuees
received film badge doses from 2 to 50 rem (beta + gamma, mostly beta).

Criticality Accident of January 25, 1961. About 40 liters of uranyl nitrate solution (200 grams of
uranium per liter) was forced upward from a 5-inch-diameter section of an evaporator into a
24-inch-diameter vapor disengagement cylinder, well above normal solution level. Analysts
later assumed that air entered associated lines while operators were attempting to clear a
plugged line and improve a pump. When the air bubble reached the evaporator, solution was
expelled from the lower section, and a momentary criticality occurred in the upper section.
Radiation triggered alarms, but no personnel received =100 mrem exposure (Stacy 2000).
Concrete shielding walls surrounded the location of the criticality; the vent system prevented
airborne activity from entering work areas; and equipment design prevented a persistent
excursion.

ICPP Criticality Accident of October 17, 1978. A criticality event occurred in the first-cycle
tributylphosphate extraction system in the CPP-601 process building at the ICPP. The
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incident resulted in no personnel injury, no onsite or offsite contamination, and no damage to
equipment or property, and the plume traveled over uninhabited areas to the southwest of the
site (Casto 1980). The criticality caused approximately 3 x 10" fissions of **°U. The
Atmospheric Protection System (APS) at INTEC, which became operational in 1975,
significantly reduced particulate emissions, and filtered all releases associated with the
criticality event.

Internal exposure potential existed at the FPF and its support facilities from work with radioactive
airborne particulates during maintenance activities, piping/valve changes, the criticality accidents, and
stack releases.

External exposure occurred from work performed in Radiation Areas (RAs) and High Radiation Areas
(HRASs) containing the nuclides referenced in Table 2-3. Brief exposures to measured levels of 50 rad
hr' existed in the cells during piping/valve changes, decontamination, maintenance activities, working
production samples in the laboratories, etc.

2.3.2 Ancillary Facilities

New fuels presented special problems in reprocessing. The Process Improvement Facilities (PIF)
(CPP 620 and CPP 637) and the Hot Pilot Plant (HPP, later Headend Processing Plant) (CPP 640)
were used to provide information to improve these processes.

The PIF also includes a laboratory building with office space for the technical group. New ideas in
reprocessing are developed and investigated at the laboratory bench scale. The laboratories were
designed to handle as much as 1 curie of radioactive materials from Table 2-3 per laboratory. The
waste stream discharged to the HPP waste system.

The HPP(CPP 640) was used to test unproven equipment and systems. The facility consisted of five
cells and associated utilities. The partition between two of these cells could be removed, making one
large cell. The shielding around the cells was equivalent to that of the main plant and provided
sufficient radiation shielding to run plant-level radioactive material. The graphite based ROVER
(nuclear rocket) fuels were processed beginning in 1983 for 14 months in CPP 640 using two stages
of burning to reduce the carbon content (Knecht et al. 1997). The ash was leached with a
nitric/hydrofluoric acid mixture, extracted through three cycles of extraction and then converted to
UO;. Over 100 kg of uranium was still in the ash at CPP after the burners were cleaned out in 1998.

The HPP waste system consists of three-level storage. High-level waste in storage can be routed to
permanent storage tanks. Intermediate-level waste can be routed either to the waste evaporator
system or the low-level waste tanks. Low-level waste is monitored and discharged to the disposal
well downstream from the main service waste monitoring system. A service waste monitoring system
is provided for this secondary stream.

The Remote Analytical Facility (RAF) in CPP-627 houses the Remote Analytical Laboratories (RAL),
the multi-curie cell, a radio-chemistry laboratory, and a decontamination facility.

The decontamination facility in CPP-627 provided support for cleaning tools and equipment for INTEC
and other INEEL facilities. Items such as water pit gates, cooling pumps, vehicles, etc., were
decontaminated in this facility. It was also used as a morgue and autopsy facility following the SL-1
accident. Radiation levels to 25 rem hr* open window beta gamma were experienced for brief
periods in the decontamination facility. Shielding other than temporary was not provided between the
several work stations there.
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The RAL provides two rows of 15 analytical boxes behind a 9” iron shield wall (Stevenson and Lyon
1955). The boxes can be remotely replaced to provide changed analytical capability. A sample
transfer system below the boxes provided remote handling of samples brought to the boxes. The
equipment is operated by hand-operated manipulators extending through the shielding, pneumatically,
or with electronic controls. This facility has been used for remote examination of hazardous and
radioactive materials to support INTEC operations. It continues to support INEEL and INTEC
activities. The RAL handles, processes, analyzes, and experiments on hazardous and radioactive
materials of all types. Samples collected in stations in the CPP-601 sample corridor were transferred
to the RAL for analysis. Frequent samples during fuel reprocessing, taken in 10-ml sample bottles,
had radiation readings of greater than or equal to 25 rad hr*. During the analytical process the
samples were diluted to reduce personnel exposure.

The multi-curie cell has walls 5’ thick of barytes concrete and is designed to reduce the field from
75,000 Ci of 1.6 MeV gamma emitter to 1 mR/hr. There is also a radiochemistry laboratory nearby to
support operations in the multi-curie cell. A walk-in hood in this area contained the custom processing
facility. On 9 February 1991 a small explosion destroyed the 6” OD borosilicate glass dissolver
section, contaminating 4 employees and a portion of the lab. Internal exposures ranged from 0.24 to
9.1 mreml/yr for 50 years. The unirradiated material came from a cleanup campaign at ANL-E and is
suspected to have contained zirconium which would react explosively with the nitric acid being used
to dissolve the uranium (Decker 1991).

2.3.3 INTEC Fuel Storage Facility (CPP-603), 1950 to present

The original fuel storage facility at INTEC CPP-603 included a special fuel-storage building with three
20-ft-deep storage pools for spent nuclear fuel. The facility is about a third of a mile south of the main
processing building.

Levels of airborne radioactivity of MFP around the 603 unlined storage pools were a chronic problem
from sodium contaminated EBR 1 fuel which also led to contamination in the building. Efforts to clean
up the water were aggravated by deionized water attacking the concrete pool. Anti-contamination
apparel was provided, but generally respiratory protection was not required. Air activity was routinely
measured at 10 to 25% (Rich et al. 1974) of the RCG, for soluble *°Sr.

In addition, CPP-603 contains the Irradiated Fuel Storage Facility (IFSF), a graphite fuel storage area,
and a Fuel Cutting Facility (FCF). The IFSF stores dry fuel that is incompatible with underwater
storage. The IFSF has 636 storage positions and is more than half full. Most of the spent fuel stored
there came from the Fort St. Vrain commercial reactor in Colorado. Shipments from Fort St. Vrain
ended in 1991.

In the 1950s, the ICPP received a request to process spent fuel elements from Savannah River Site
(SRS) reactors. The 14-foot elements were clad in aluminum and had to be cut to 18-inch lengths to
fit in the dissolver vessel. Irradiation of the fuel changed metallurgical characteristics, so instead of
cutting like regular aluminum they crumbled, necessitating development of a new technique and
procedure. Equipment change and maintenance was extremely difficult because of the crumbling,
which contributed to increased levels of exposure and contamination. As a result, complete
modification of the process and equipment was required.

The pools in CPP-603 were built in 1950 and served as the primary spent fuel storage facility until
1984. Fuel, once in underwater storage at Building 603, has been transferred to the newer
underwater storage pools at the Fluorinel Dissolution Process and Fuel Storage Facility (FAST) or to
dry storage. The facility is being evaluated for decontamination and decommissioning (D&D).
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Internal exposure potential was greatest from fuel cutting and shearing which created airborne
radioactivity from the cut SRS fuel elements. A chronic exposure condition existed to mixed fission
products from the pool water.

External exposure was received during fuel loading and unloading, movements to various locations in
the storage pools, fuel cutting, cleanup activities, modifications, and D&D evaluations.

2.34 High Level Liquid Waste Underground Storage Tanks (Tank Farm), 1951 to present

The HLLW Tank Farm includes 11 underground stainless-steel, 300,000-gallon storage tanks nested
in concrete vaults east of process building CPP-601. The tanks were used to store radioactive liquid
waste generated during the reprocessing of spent fuel and plant decontamination work. One tank
was always kept empty for use as a transfer backup should a problem develop with one of the other
tanks. All of the tank farm liquid has been calcined, reducing the volume and converting it to a more
stable solid form. The underground tanks are encased in concrete vaults that have sumps and leak
detection. The tanks are extremely corrosion-resistant. No leakage has been detected from the
tanks. However, some leaks have occurred from transfer lines outside the tanks.

High-level waste at INEEL is composed of acidic liquid and calcined solids. The acidic liquids have
been stored in the underground tanks and included actual high-level waste as well as sodium-bearing
waste that is managed as high-level waste. The stainless-steel tanks allowed the storage of waste in
acidic form and resisted corrosion. When full, each tank contained only a few gallons of pure
radioactive fission products. The rest of the solution was dissolved cladding-metal ions, process
additives, and water. The tanks that received waste from the first cycle extraction, which accumulated
most of the fission products, had cooling systems to carry away decay heat to minimize corrosion.

In the 1990s, a major effort of cleanup and repair in the valve boxes of the tank farm resulted in a
large collective dose. This project like many others was preplanned and reviewed by the WINCO
ALARA committee. The workers wore TLDs and electronic dosimeters and/or self-reading pencil
dosimeters. Although this dose was separately kept track of, it is also included in the cumulative dose
records for those employees.

The HLLW Processing Facility, CPP-604, is east of CPP-601. Liquid waste generated from
reprocessing activities was transferred to the Liquid Waste Evaporator, where the liquid was heated,
reduced in volume, and stored in an underground tank. Soil, airborne, and groundwater
contamination have resulted from these operations.

Part of the processing included a Rare Gas Processing Facility (CPP-604). Its purpose was to
recover *Kr from spent fuels. In 1958, the process was enhanced by replacing the liquid nitrogen
cooled carbon beds with a cryogenic distribution system. This gas product was shipped to Oak Ridge
for commercial sale for use primarily in leak detection. INTEC was the only source of **Kr outside the
former Soviet Union (Cohen et al. 1994).

Internal exposure potential existed from airborne radioactivity created during flushing operations,
valve repairs, or other maintenance activities in contamination areas from mixed fission products and
activation products.

External exposure occurred during work in the contamination areas and on valve changes and piping
maintenance where exposure rates measured as high as 500 rad hr™.
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2.35 Waste Calcining Facility-1 and New Waste Calcining Facility, December 1963 To
2002

To remove liquid from the waste, the AEC developed a fluidized-bed calcination process, and built it
at INTEC. Scientists at Argonne National Laboratory (ANL) tested the method in small-scale models
in 1955. The process not only solidified the waste, but the product was granular, free flowing, and
easily handled by pneumatic transport techniques. Phillips engineers started designing the Waste
Calcining Facility (WCF) in 1956, and construction of WCF-1 started in 1958. The facility was
constructed just east of the main INTEC process building and south of the storage tanks. Thick
concrete shielding walls surrounded the process cells, which were below grade. The first campaign
lasted until October 1964. Liquid waste was injected into a fluidized bed chamber heated to 420° C by
a NaK heat exchanger system. Liquids evaporated and solids collected on the bed material which
was then collected in storage bins. Two 300,000-gallon tanks and part of a third were emptied before
the campaign was forced to stop because it had filled all available calcine bins. Half a million gallons
of liquid had been transformed into 7,500 bulk cubic feet of solid waste. This was a reduction in
volume of more than 9 to 1. The gases leaving the stack included some *°Sr and **°Ru, but the levels
were below guideline limits (AEC 1969). In 1970 an in-bed oxygen atomized kerosene combustion
system was installed raising the bed temperature to 500° C and reducing wall temperatures and
reducing ruthenium concentrations in the off-gas.

In 1982, the New Waste Calcining Facility (NWCF) replaced WCF-1. It converted liquid high-level
radioactive waste from the Tank Farm into a granular solid similar in consistency to sand. The liquid
waste was drawn from underground storage tanks and sprayed into a calciner vessel superheated by
a mixture of kerosene and oxygen. The liquid evaporated while radioactive solids adhered to the
granular bed material in the vessel. The off-gases were treated and monitored before release to the
environment, and the residual calcine solids were transferred to large stainless-steel structures
encased in thick concrete vaults called bin sets. The calciner was shut down in May 2000 while DOE
evaluated whether to upgrade it to meet new emissions standards or develop a new technology to
treat the remaining liquid in the Tank Farm. The calciner operated one last run in 2002 to eliminate
the remaining HLLW in the 300,000-gallon storage tanks. HLLW typically contained 300 Ci m™.

To date, all HLLW has been removed from the tank farm and solidified through calcination. Removing
the sodium-bearing waste remains one of DOE's highest priorities.

The NWCF was also the location of a decontamination facility used for cleanup of radiologically
contaminated materials from INTEC and occasionally from other INEEL processes. The
decontamination facility continues to function to support INEEL cleanup activities.

Internal exposure potential existed from releases of contamination to the occupational environment
due to leaks from piping breaks, equipment failures, and other actions that permitted unplanned
releases and from decontamination activities that would create airborne radioactivity.

External exposure resulted from routine maintenance on the transfer piping and associated valves
and equipment. Calcine process cell entries have been made for cleanup and maintenance activities
with radiation fields measured to 50 rad hr'* beta/gamma for brief periods. External exposure
continues to accumulate from the decontamination facility.

2.3.6 Fluorinel Dissolution Process and Fuel Storage Facility, 1984 to present

FAST has two parts; a spent fuel storage area and the Fluorinel Dissolution Facility (FDF). The
storage area consists of six stainless steel lined storage pools for storing spent nuclear fuel. The FDF
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includes a hot cell with 6-foot-thick concrete walls where spent fuel was dissolved in an acid solution.
The fluorinel process was used on zircalloy clad Naval fuels and used three dissolver-complexer
trains operating batchwise. Soluble neutron poisons and limiting the mass provided criticality control.
When reprocessing ended in 1992, uranium and hazardous materials were flushed from the FDF, and
this part of the facility was placed in a standby condition. About 1546 kg of uranium was reprocessed
using the fluorinel dissolution process.

Internal exposure potential existed from airborne radioactivity that may have occurred from the
various processes associated with the FAST.

External exposure occurred from unloading and loading irradiated fuel and fuel element examination
under water and from work in the FDF hot cell environment which created radiation exposure up to 50
rad hr for brief periods

2.3.7 INEEL Comprehensive Environmental Response Compensation and Liability Act
Disposal Facility Complex, July 2003 to present

The INEEL Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Disposal Facility (ICDF) Complex is a new engineered facility south of INTEC and adjacent to the
existing percolation ponds. This facility was planned to begin operation in July 2003 (INEEL 2003). It
is designed and authorized to accept wastes from INEEL CERCLA actions. The ICDF Complex
includes the necessary subsystems and support facilities to provide a complete waste management
system. The major components include disposal cells (landfill), an evaporation pond (consisting of
two cells), and the Staging, Storage, Sizing, and Treatment Facility (SSSTF). The Complex covers
approximately 40 acres, with a landfill disposal capacity of approximately 510,000 yd®. The
evaporation pond is designated as a Resource Conservation and Recovery Act (RCRA) Corrective
Action Management Unit (CAMU) and is the disposal site for leachate and other aqueous wastes
generated as a result of operating the ICDF Complex. In addition, other aqueous wastes such as
existing purge water can be disposed in the evaporation pond in accordance with the ICDF
evaporation pond Waste Acceptance Criteria (WAC).

Internal exposure from airborne radioactivity would exist if the integrity of the packaged material is
compromised during the handing and storage process.

External exposure occurs when shipments of radioactive materials consisting of mixed fission
products and activation products are placed in storage at the facility. Normal radiation levels are not
permitted to be greater than 200 mrem hr™ at any edge of the transporting vehicle. Higher radiation
fields might be permitted, under special conditions, by proper management authority.

2.3.8 TMI-2 Independent Spent Fuel Storage Installation — CPP-1774 to present

The Independent Spent Fuel Storage Installation (ISFSI) is a new Nuclear Regulatory Commission
(NRC)-licensed dry storage area for spent fuel and debris from the TMI accident. Fuel and debris
were transferred to the INEEL Test Area North for examination, study, and storage after the accident.
The fuel and debris were transferred to the ISFSI, which provides safe, environmentally secure,
above-ground storage in metal casks inside concrete vaults. The transfer was completed in mid-
2002.

Internal exposure potential could exist from leaks or off-gassing from the storage containers.

External exposure occurred during the unloading and placement of fuel in the storage vaults.
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24 ARGONNE NATIONAL LAB ORATORIES-WEST, February 1951 to present

Argonne National Laboratory - West (ANL-W) was originally known as “the ldaho Division” of ANL.
ANL-W is an extension of ANL-E near Chicago. ANL is a DOE research laboratory operated by the
University of Chicago. The original site is in the southwest portion of INEEL, approximately 18 miles
via Highway 20/26 east of Arco, 40 miles via Highway 26 northwest of Blackfoot, or 50 miles west via
Highway 20 from Idaho Falls. The original ANL-W location is now a National Historic Landmark and is
the site of the now decommissioned EBR-I, Boiling Water Reactor (BWR) Experiment, Argonne Fast
Source Reactor (AFSR), and Zero Power Reactor No 3 (ZPR-IIl) facilities.

The present ANL-W site is in the southeast portion of INEEL, about 35 miles west of Idaho Falls.
There are 52 major buildings at this site, including reactor buildings, laboratories, warehouses,
technical and administrative support buildings, and craft shops.

24.1 Experimental Breeder Reactor No. |, April 1951 to December 30, 1963

EBR-I, the first reactor built at INEEL, was a NaK-cooled, solid-fuel (enriched uranium), unmoderated
heterogeneous fast reactor designed for full-power operation at a level of 1 MW. It was built to
explore the possibilities of breeding nuclear fuel and for the use of liquid metal cooling. A blanket of
2%y around the core provided the fertile material in which nuclear material breeding took place.
Because the primary coolant was intensely radioactive during and shortly after operation, all primary
components were enclosed in concrete-shielded cells. The secondary coolant, which was
nonradioactive, required no shielding (Kittel, Novick, and Buchanan 1957). The facility was entirely
within a single building of brick, concrete, and steel. Construction on EBR-I began in May 1949 and
was complete in April 1951. Reactor startup occurred on August 24, 1951.

On November 29, 1955, the reactor suffered a 40 to 50% core meltdown. Radiation detection
instrumentation measured radioactivity in the building above normal background levels, and all
personnel were evacuated. After the partial meltdown, the core assembly was removed from the
reactor using a temporary cave constructed on the reactor top and shipped to ANL- E (Kittel, Novick,
and Buchanan 1957). The core was replaced and the reactor remained operational until December
30, 1963. On August 26, 1966, EBR-1 was dedicated as a National Historic Landmark. The principal
radiological activity associated with the coolant during operation and shortly after shutdown was *Na,
t1», = 15 hr. The saturation level at full-power operation was approximately 24 uCi gm™. The second
most significant activity was about 2 pCi gm™ **’Cs, which apparently entered the system during and
after the meltdown incident. No other long-lived activity was identified in the primary coolant. Short-
lived activity in the form of ***Xe and '**Xe was observed in the cover gas (Haroldson et al. 1963).

Internal exposure potential existed from airborne radioactivity from mixed fission products and
activation products.

External exposure was received by personnel from mixed fission products and activation products
during activities associated with reactor operation and maintenance.

2.4.2 Boiling Water Reactor Experiment No. 1, Late 1953 to July 22, 1954

The Boiling Water Reactor Experiment No. 1 (BORAX-1) was an open-top, water-cooled, water-
moderated, boiling-water reactor used to conduct a series of nondestructive experiments in the latter
part of 1953 and early summer of 1954. The reactor was built in an excavated area of earth
approximately one-half mile northwest of EBR-l and was housed in a 10-foot-diameter tank open to
the atmosphere. The control room was approximately one-half mile away near the EBR-I reactor.
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BORAX | was intentionally destroyed in its final experiment on July 22, 1954. The explosion scattered
fuel plate fragments and other debris over an area of approximately 200 feet by 350 feet south of the
reactor area fence. Instrumentation at the control center showed an instantaneous radiation level
higher than 500 mrem hr?, which decreased in about 30 seconds to 25 mrem hr* and within 5
minutes to less than 1 mrem hr. A detailed discussion of this incident is available (Brodsky and
Beard 1960).

Internal exposure may have occurred from airborne radioactivity during operation and other activities
associated with a BWR, the core destruction, coolant, and clean-up activities.

External exposure occurred from direct radiation associated with the reactor operation maintenance
activities from mixed fission products and activation products.

2.4.3 Boiling Water Reactor Experiment No. 2, October 19, 1954, to March 1955

BORAX-1l was designed and built to replace BORAX-1 to investigate a new reactor that would more
closely approximate the characteristics of a practical power reactor operating on the boiling-water
principle. BORAX-II, a short distance northeast of the BORAX-I site, was built in 1954 and became
operational on October 19, 1954. BORAX-I1I was significantly larger than BORAX-1. The vessel was
shielded by concrete and housed in a sheet metal building. Tests of new core combinations were
tried using varying enrichments of ?*°U in metal fuel plates. It was a boiling-water system operating at
300 psi, making it essentially a power experiment. The power level was about 6.4 MW (t) but,
because it had no turbine generator, it produced no electricity. The energy produced was released in
the form of steam. In 1955, a turbine generator was added to BORAX-I1I and testing was done to
demonstrate that turbine contamination would not be a significant problem in boiling-water reactors.

Internal exposure was possible from MAP associated with work activities from the reactor coolant.

External exposure occurred during routine operations and with loading and unloading the reactor.

24.4 Boiling Water Reactor Experiment No. 3, June 9, 1955, to December 1956

As a result of the BORAX-1 and BORAX:-1I tests, a program began in March of 1955 to modify the
BORAX-II reactor to produce electrical energy. The modified reactor became BORAX- Ill. The
previous BORAX reactors were not designed to produce electricity, so a turbine generator was added
to the facility to convert thermal energy to electricity. The modified facility was capable of generating
12 MW of thermal energy and 2,300 kW of electrical energy. For 2 hours on July 17, 1955, BORAX-III
generated approximately 2,000 kW of electricity; 500 kW were used to power the BORAX-11I facility,
1,000 kW were used to power the CFA at the NRTS, and 500 kW were used to light the entire town of
Arco, Idaho. BORAX-11l became the first nuclear power plant in the world to generate electricity for an
entire city. It was operational from June 9, 1955, until sometime before December 3, 1956.

Internal exposure was possible from MAP associated with work activities from the reactor coolant.

External exposure occurred from routine operation and loading and unloading of the reactor.

245 Boiling Water Reactor Experiment No. 4, December 3, 1956, to June 1958

BORAX-1V, the successor to BORAX-IlI, began operation in December 1956. This reactor, with a
design power of 20 MW (t), was used principally to test high-thermal-capacity fuel elements made
from ceramics of uranium and thorium. Like the previous BORAX reactors, BORAX-IV was a boiling-
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water reactor operating at 300 psig. It was capable of producing 2.5 MW of electricity. It was brought
to criticality on December 3, 1956, at atmosphere pressure. It operated with a core of uranium-
thorium fuel elements until April 17, 1957. Beginning in May 1957, it was operated with a 59-element
core at 300 psig and 216 °C and continued intermittent operations until December 5, 1957. After the
core was revised to increase the maximum power, the reactor was restarted on February 19, 1958, to
evaluate the effect of operating with a fuel element defect and to locate defective elements in the
core. BORAX-IV released approximately 4,565 curies of short-lived radionuclides to the atmosphere
in March 1958 (Novick 1958). It operated until June 1958. The following measurements were made
during reactor operations:

1. Radiation levels of the steam plant equipment

2. Quantitative determination of fission gases ***Xe and **Kr, which were released to the
atmosphere through the air ejector

3. Analysis of reactor water, condensed steam before the turbine, and condensed steam after the
turbine (hot-well condensate) for fission products

4. Area contamination downwind from the reactor
Internal exposure may have occurred during work with the defective fuel elements or during planned

releases of short-lived fission activity and from airborne MAP/MFP associated with the reactor
coolant.

External exposure occurred during operation and work with loading and unloading the reactor.

2.4.6 Boiling Water Reactor Experiment No. 5, February 9, 1962 to September 1964

BORAX-V was a flexible boiling-water reactor, with the same configuration as BORAX-1V, used
primarily for testing nuclear superheating concepts. The facility was operational from February 9,
1962 until September 1964.

Internal exposure may have occurred from coolant and airborne activity during routine BWR operation
with fuel elements made from ceramics of uranium and thorium, and associated maintenance work.

External exposure occurred from routine activities associated with reactor operation and maintenance.

247 Zero Power Reactor No. 3, October 1955 to November 1970

ZPR 1l was a low-power, split-table reactor that achieved criticality by bringing two halves of a fuel
configuration together. It was used to determine the accuracy of predicted mass geometries and
critical measurements for fast reactor core designs.

The building consisted of a reinforced concrete high bay assembly room and a one-story section
containing the control room, work room, vault, laboratory rooms, offices, etc. The assembly (reactor)
room of reinforced concrete was approximately 45 ft x 42 ft x 29 ft high (Brittan et al. 1961).

The assembly machine was a platform on which two tables or carriages were mounted, one of which
was moveable. Half of the reactor was built up on each carriage by inserting drawers containing the
reactor material into a matrix structure. Each half of the assembly contained five safety control rods
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and a 15-curie polonium-beryllium neutron source. A hinged platform could be swung into place
between the halves to stand on while loading or unloading the machine.

The storage vault room was approximately 29 feet long by 26 feet wide with walls and roof of
reinforced concrete 9 inches thick. The fuel slugs were stored either on racks or in special “birdcage”-
type containers that limited the storage density to 2 kilograms of **U per cubic foot.

Internal exposure potential existed from possible airborne radioactivity during maintenance operations
from MFP/MAP.

External exposure occurred maintenance activities and during loading and unloading of the reactor
fuel.

2.4.8 Argonne Fast Source Reactor, October 29, 1959, to Late 1970

AFSR was a small fast reactor facility designed to produce neutrons for the development of special
equipment for the fast reactor programs of EBR-I, EBR-II, and ZPR-I1ll. The reactor, with a design
power of 1 kilowatt, was in a prefabricated Butler-type building built in 1958 near the EBR-I facility with
its own heating and air compressor plant. No water was plumbed into the building. Control and
safety mechanisms were in a pit below the reactor. The reactor, designed to supply both fast and
thermal neutron fluxes for laboratory experiment, was built around a cylindrical core of solid highly
enriched uranium with a blanket of solid DU (Brunson 1959). Reactor startup occurred on October
29, 1959; the reactor was operational until sometime in the late 1970s when it was moved to a new
location adjacent to the ZPPR facility at the ANL-W site. The reactor is now shut down and defueled.

Internal exposure may have occurred during routine operations that could create airborne
radioactivity.

External exposure occurred from maintenance activities and loading and unloading fuel.

249 Transient Reactor Test Facility, February 23, 1958, to April 1994

TREAT was an air-cooled thermal heterogeneous system designed to evaluate reactor fuels and
other material under conditions simulating various types of reactor excursions. Construction began in
February 1958 and ended in November 1958, and criticality was achieved on February 23, 1959. The
TREAT complex comprises a reactor building and a control building approximately 1 mile northwest of
the EBR-II containment building (Freund et al. 1960).

The reactor building features a high bay section and an adjacent service wing. The high bay section
contains the reactor, fuel storage pit, instrument room, and the basement subreactor and equipment
rooms. The control building is a single-story concrete block structure approximately one-half mile
from the reactor that contains control panels and necessary instrumentation for remote control of the
reactor.

Shielding permitted personnel access around and atop the reactor during steady-state operations at
100 kW. Access to the subreactor room is controlled during steady-state operation. Prior to transient
operations, the building was evacuated of all personnel. General neutron and gamma radiation levels
at a distance of 10 feet from the reactor during operations at 100 kW were (Freund et al. 1960):

Fast Neutron Negligible
Thermal Neutrons 50-1,500 ncm? sec™
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Gamma 5-8 mrem hr*

Internal exposure may have occurred during routine operations that could create airborne
radioactivity; however, it was not expected to occur.

External exposure occurred from routine operations.

2.4.10 Experimental Breeder Reactor No. II, May 1961 to September 30, 1994

EBR-II, at the ANL-W site, is a liquid sodium-cooled, unmoderated, heterogeneous fast breeder
reactor rated at 62.5 MW thermal, with an intermediate closed loop of secondary sodium and a steam
plant capable of producing electrical power through a conventional turbine generator. A fuel
processing facility is attached to the reactor. EBR-Il was designed to prove the breeding of fuels, the
feasibility of a central power station, and onsite fuel processing. These objectives were met in the late
1960s, and the role of EBR-II changed to that of a test reactor. Construction of EBR-Il ended in May
1961, and the reactor reached criticality on September 30, 1961. It operated until September 30,
1994, when it was taken to a subcritical configuration and shut down to start a defueling operation.
On January 19, 2001, ANL-W verified that the liquid metal sodium coolant had been completely
drained from the reactor vessel. At present, the reactor is defueled, the sodium systems have been
drained, and the power plant is depressurized.

The reactor was submerged in a primary tank containing approximately 90,000 gallons of liquid
sodium. This tank was suspended in an airtight steel-shell containment building of 1-inch-thick steel
plate, which would contain an accidental release of fission products, etc., from the primary system.
The structure of the primary system is designed to contain the energy release associated with a
reactor incident. The reactor building is designed to confine the effects of a maximum sodium-air
interaction caused by a major sodium release. The reactor consists of an enriched core surrounded
on all sides by a fertile blanket of depleted uranium (McVean et al. 1962; Koch et al. 1957).

The Sodium Plant contains the pumping, purification, and storage facilities for the secondary sodium
system. It also contains a receiving station for the sodium. The building was not normally occupied.
The primary and secondary coolant from EBR-II is converted in the Sodium Processing Facility (SPF)
from its elemental, chemically unstable form, to a chemically stable composition suitable for landfill
disposal.

The Fuel Manufacturing Facility (FMF) is a secure facility designed for the fabrication of EBR-II fuel.
The FMF vault stores special nuclear material in support of the EBR-1I shutdown.

An additional building, the Laboratory and Office Building near the EBR-II plant, provided supporting
analytical and personnel facilities.

2411 Hot Fuel Examination Facility, 1964 to Present

The Hot Fuel Examination Facility (HFEF) complex comprises two hot cell facilities, HFEF/South and
HFEF/North. HFEF/South, originally known as the Fuel Cycle Facility and/or the Fuel Conditioning
Facility, was used to demonstrate remote processing and refabrication of uranium-fission metal-alloy
driver fuel elements in a closed cycle with EBR-II.

Some 35,000 fuel elements were remotely reprocessed and refabricated into EBR-I1 subassemblies
between 1964 and 1968. HFEF/South contains two large heavily shielded hot cells; one with an inert
gas (argon) atmosphere, the other with an air atmosphere. The shielding walls of both cells are of





| Document No. ORAUT-TKBS-0007-2 | Revision No. 02 | Effective Date: 07/29/2005 | Page 38 of 71 |

high-density concrete. The HFEF/South air cell was decontaminated and refurbished in 1969 and
again in 1976.

HFEF/North is a large alpha-gamma hot cell facility that was activated in March 1975. This facility
provided the capability for post-irradiation and nondestructive or destructive examination of fuel and
material experiments irradiated in EBR-1I. HFEF/North contains two hot cells, one with an argon gas
atmosphere and the other with an air atmosphere. The air atmosphere cell was known as the
decontamination cell. The shielding walls of both cells are of high-density concrete (Baca 1979).
HFEF began operation as a fully automated facility for examining highly radioactive experimental
reactor fuel elements and other components in 1975. The examinations conducted in HFEF provide
data that are essential for determining the performance and condition of fuels and materials irradiated
in DOE reactor facilities. HFEF continues in operation, as a vital component of DOE's

energy research program.

Remote characterization of material to be shipped to the Waste Isolation Pilot Plant (WIPP) in New
Mexico for disposal takes place in the Waste Characterization Area (WCA) of the HFEF high bay.

Internal exposures might have occurred during cell entries when suspended radioactive contamination
materials could cause airborne radioactivity from mixed fission products and activation products.

External exposure occurred when entries to the hot cell were made after experiment processes or
during equipment maintenance and refurbishment.

2.4.12 Zero Power Physics (Plutonium) Reactor, April 18, 1969 to April 1992 (standby)

ZPPR is a split-table critical facility approximately 300 meters from EBR-II in the ANL-W area and
about 3 miles north of U.S. Highway 20. The facility is divided into two areas, the mound area and the
support wing. The mound area consists of the reactor cell, fuel storage vault, workroom, and
equipment rooms as well as access and escape tunnels. The reactor cell is a 50-foot-diameter
circular room with floor and walls of reinforced concrete. The roof is composed of layers of washed
and dried sand and gravel supported by a catenary cable network.

The basic element of the ZPPR is a bed-and-table system, which holds the matrix assembly. The two
tables, one moveable and one stationary, are supported on a cast steel bed. The control and safety
rod drives are mounted near the rear of each table. The main floor consists of the reactor control
room, offices, an electronics shop, and a core coating room. The core coating room, adjacent to the
control room and the entrance to the mound area, is used to clean core stimulants such as **U and
stainless steel. The room contains two hoods for handling suspect materials and a core coating
machine that is used primarily to dry and coat depleted uranium with a protective film.

Internal exposure potential was minimal due to the use of hoods and other protective equipment.

External exposure occurred from working with reactor processes, loading and unloading fuel, etc.

2413 Neutron Radiography Facility, October 1, 1977 to present

The Neutron Radiography (NRAD) Facility is a 250-kW, steady-state training research and isotope
(built by General Atomics) (TRIGA) reactor in the basement beneath the HFEF/North main cell. The
reactor core consists of fuel elements surrounded by graphite assemblies. The core is submerged in
a water-filled tank. NRAD began operation on October 12, 1977, with two radiography stations. The
East station services the hot cell complex where specimens can be radiographed without removing





| Document No. ORAUT-TKBS-0007-2 | Revision No. 02 | Effective Date: 07/29/2005 | Page 39 of 71 |

them from the hot cell environment. The North station is outside the cell in a separate, clean shielded
location for the radiography of irradiated or unirradiated items without introducing them into the
contaminated cell. Cask handling and specimen shielding allow for full-size reactor assemblies. The
radiography room is easily accessible for development work (Richards and McClellan 1979).

NRAD has limited irradiation capabilities in the core. It has a water-filled port at the center of the core
and a dry port at the edge of the core. NRAD operates a MF Physics linear particle accelerator that is
used for nondestructive assays of waste and expended nuclear fuel.

Internal exposure potential exists from possible airborne radioactivity primarily from the hot cell
environment from mixed fission products and activation products.

External exposure occurred during sample handling and maintenance associated with radioactive
samples. Remote handling techniques are used to minimize dose.

24.14 Fuel Assembly and Storage Building, 1970 to present

The Fuel Assembly and Storage Building (FASB) is a multipurpose facility that supports development
of low-enrichment uranium fuel for research reactors, storage of spent fuel, and examination of the
condition of other experimental projects. The East (clean) room houses offices, restrooms etc. The
West room contains a vault for the storage of nuclear material. It also contains equipment for
performing materials testing and for preparing metallurgical samples, and inert atmosphere glove
boxes and hoods. The facility no longer does fuel assembly, but other radiological work is ongoing.

Internal exposure may occur from airborne radioactivity associated with the described processes from
the uranium fuel and spent fuel examinations.

External exposure occurred from movement of radiological samples and reactor fuel.

2.4.15 Other ANL-West Support Facilities

At ANL-W, an Analytical Laboratory (AL) provides the capability for performing chemical and physical
measurements of both radioactive and non-radioactive samples. The facility includes six analytical
hot cells and both general and specialized chemistry laboratories. Personnel were subjected to
radiation levels above building background on occasion in the Junior Cave Area.

The Radioactive Scrap and Waste Facility (RSWF) provides in-ground retrievable dry storage for
nuclear fuels and other highly radioactive scrap and waste, and interim storage for EBR-II spent fuel.

The Radioactive Liquid Waste Treatment Facility (RLWTF) evaporates low-level radioactive liquid
waste generated at ANL-W facilities into solidified residue packaged in shielded containers

The Industrial Waste Pond (IWP) is an unlined evaporative seepage pond that is fed by a system of
drainage ditches. It has been used since 1964 to receive wastewater from a number of sources. The
largest sources of liquid industrial waste going to the IWP are blowdown effluents from the main and
auxiliary cooling towers, auxiliary boilers blowdown; water from once-through air conditioning, and
cooling water from other sources. There might be inadvertent low-level radioactive contamination in
this pond.

The three sanitary Sewage Treatment Ponds (STP) north of EBR-II cover an area of about 2 acres.
These ponds are not suspected to be radiologically contaminated.
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Internal exposure is possible from airborne radioactivity associated with the various types of samples
worked in these facilities.

External exposure occurred from working with the variety of radioactive material associated with these
facilities (mixed fission products, activation products and transuranics).

25 RADIOACTIVE WASTE MANAGEMENT COMPLEX, MAY 1952 to present

The RWMC is 51 miles west of Idaho Falls. The first 13 acres were fenced off in May 1952 for
shallow-land disposal of solid low-level radioactive waste, and burial of transuranic waste and
hazardous substances such as organic and inorganic chemicals. The current RWMC mission
includes interim storage of transuranic waste and shipment of stored transuranic waste to the WIPP
near Carlsbad, New Mexico, for permanent disposal.

For the first 2 years, only low-level radioactive waste was buried at the RWMC. In 1954, Rocky Flats
began shipping defense waste with transuranic elements. By 1957, the original 13 acres were nearly
filled, and the RWMC was expanded to 97 acres. In 1970, it was expanded again to 168 acres and is
currently 177 acres. After 1970, transuranic waste was placed in retrievable storage on asphalt pads
and covered with an earthen berm. This waste, in drums and boxes, is stored in engineered modules.
From 1970 to the present, low-level waste has been disposed of in 20 pits, 58 trenches, and 21 soll
vault rows. INEEL has been repackaging (as needed) and shipping transuranic waste to the WIPP.

Early packaging configurations were thought not suitable for extended storage and could present
future hazards to the workers, the public, or the environment. Early wastes were pushed out of trucks
into open pits or trenches and covered with soil by heavy equipment, which might have occasionally
damaged containers in the covering process. Long-tongued dump trailers were used to minimize
exposure to personnel from the waste. Other types of heavy equipment such as cranes and cherry
pickers were used to pick shielded containers from trucks for unloading the contents into soil vaults,
etc. There were occasional brief exposures greater than 100 mrem hr™* (photon energy = 250 keV).

In addition to administrative buildings, the RWMC has the following facilities and processes:

25.1 Subsurface Disposal Area

The 97-acre Subsurface Disposal Area (SDA) is in the western section of the RWMC. It contains an
active shallow-land-burial area for the permanent disposal of solid low-level waste. It also contains
pits and trenches where mixed transuranic and low-level waste was buried between 1954 and 1970.
Solid waste from the Rocky Flats Plant in Colorado comprised a large fraction of the waste received at
the RWMC. For example, in 1969 approximately 250,000 cubic feet of waste from the Rocky Flats
Plant with a reported activity of more than 35,000 curies was buried at the RWMC. Rocky Flats waste
was usually contaminated with plutonium isotopes and *** Am (RAC 2002, pp. 26-27).

25.2 Intermediate Level Transuranic Storage Facility

The Intermediate Level Transuranic Storage Facility (ILTSF) has had 53 drums of ***U stored in metal
cargo containers in an open yard surrounded by concrete block shielding.
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2.5.3 Transuranic Storage Area

The 56-acre Transuranic Storage Area (TSA) is in the southern section of the RWMC dedicated to
storage of contact-and remote-handled packages of solid transuranic waste. This waste was received
at INEEL after 1970 and was stored above ground.

254 Stored Waste Examination Pilot Plant

The Stored Waste Examination Pilot Plant (SWEPP) certifies waste to ensure that it meets repository
acceptance criteria. Examinations used a shielded 450-kVp X-ray facility and a neutron assay system
that developed 14-MeV neutrons. Certified waste has been stored temporarily in permitted storage
areas until it is packaged and sent to the WIPP. Noncertified waste is segregated until processing is
available that will enable it to meet acceptance criteria.

255 Transuranic Package Transporter Loading Station

This loading station is used to load transuranic waste into Transuranic Package Transporter
(TRUPACT)-II shipping containers for shipment to the WIPP. Responsibility for the station has been
turned over to British Nuclear Fuels Limited (BNFL), Inc.

2.5.6 Advanced Mixed Waste Treatment Project

BNFL operates the Advanced Mixed Waste Treatment Project (AMWTP) under contract with DOE.
The facility, which is under construction, will retrieve and process approximately 65,000 cubic meters
of mixed transuranic waste in temporary storage at the TSA, treat the waste to meet environmental
laws and disposal criteria, and package it for shipment to the WIPP.

Exposures below represent all of the subsections of 2.5.

Internal exposure may have resulted when workers were proximate to breached and or leaking waste
containers containing mixed fission products, transuranics, activation products, etc. from the multiple
materials in storage at the RWMC.

External exposure might have resulted from working adjacent to the various waste containers in
storage or disposal in the form of intermediate-level, low-level, transuranic, and mixed waste, and
from SWEPP X-ray (30-450 keV) and neutron (2-20 MeV) waste package examination and
certification processes. Approximately 150 6M drums containing as much as 500 grams of %?%3U per
drum have been stored under earthen covers on pads in the TSA (**°U is always present as a
contaminant with **U and accounts for a significant in-growth of high-energy gamma emitters).
Depending on the waste involved, radiation exposure levels might have been near background levels,
or could have exceeded a few hundred mrem hr™* with photon energies greater than 250 keV for short
periods.

Radionuclides at the RWMC cross the spectrum based on the character of operations at this facility.
Those listed in Table 2-3 would represent many of the long-lived fission products. Activation products
from reactor facilities were also a concern for external exposure.

2.6 CENTRAL FACILITIES AREA, AUGUST 2, 1943, to present

The CFA is the main service and support center for INEEL programs and the other technical areas on
the 890-square-mile Site. It is about 50 miles west of Idaho Falls, Idaho, just north of Highway 20 in
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the south-central portion of the Site. Most CFA buildings and activities support transportation,
maintenance, capital construction, environmental and radiological monitoring, security, fire protection,
warehouses, calibration laboratories, and a cafeteria. There is a small amount of R&D work. What is
now the INEEL started as an offshoot of the Naval Proving Ground command area (dedicated August
2, 1943) where the Navy tested ordnance from fighting ships. Buildings constructed by the Navy
became the staging area for INEEL development that began in earnest in1950. The area continued to
expand as a central service area for the NRTS. Eventually it acquired the name “Central,” or more
officially, CFA.

In the late 1950s and into the 1960s, small amounts of radioactivity were processed through a
Sewage Treatment Plant, CF-674, to a drying pond. Most of the radioactivity was from the “hot”
laundry, although small amounts could enter from CF-656 and CF-690. CF-656 was a Reactor
Engineering Laboratory where tracer-level radionuclide and chemistry work occurred. CF-690
included the laboratory where analytical chemistry was done on bioassay samples, naturally occurring
radionuclides, and other special projects. The dispensary included an X-ray unit for medical use (30-
250 keV). The exposures listed below are for all of the subsections of section 2.6.

Internal exposure. CFA internal exposure potential was primarily from mixed fission products,
activation products and transuranics associated with articles cleaned at the laundry facilities. Laundry
facility workers were included in bioassay programs.

External exposure. CFA external exposure potential is greatest from calibration sources and X-ray
equipment at the HPIL and the DOELAP Irradiation Facility with photon energies greater than 250 keV
from calibration sources and 30-250 keV for X-ray photons. Neutron energies range from 2 to 20
MeV from the #*Cf source and the AmBe source. Personnel working within radiological areas must
wear dosimetry devices.

2.6.1 The Hot Laundry

The laundry, in the east portion of CFA, washed coveralls and other protective clothing items used for
radiological work. The laundry drain went to a septic tank and drain field with other sanitary waste.
The laundry facility and drain field(s) are sources for low-level radioactive contamination, which covers
the spectrum inherent to work in radiological contamination areas. Two laundry facilities next to one
another (old and new facility) serviced INEEL. They are no longer operating.

2.6.2 The Health Physics Instrument Laboratory

The Health Physics Instrument Laboratory (HPIL), CFA-633, was a calibration facility used for
radiological instrumentation standardization. The HPIL used 2%2Cf neutron sources, and alpha, beta,
and gamma sources for health physics instrument calibrations. All of the sources were sealed. A
new facility, CF-1618, completed in late 2002, includes six automated irradiator systems and provides
expanded neutron, gamma, and X-ray irradiation capabilities. The higher level sources require
external exposure control, and personnel in the radiological work area must wear applicable
dosimetry.

2.6.3 DOE Laboratory Accreditation Procedure Irradiation Facility

The DOELAP Irradiation Facility, CF-636, is an above-ground shielded bunker that houses radioactive
sources used by DOE-ID for radiation measurement equipment calibrations. The bunker is on the
access road east of the main road into the CFA. It houses an X-ray facility, seven 1-Ci ***Am sources,
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beta sources, and two *’Cs sources (20 and 1,000 Ci). At one time there was an AmBe neutron
source at this facility.

2.6.4 Radiological Environmental Science Laboratory

The RESL facility, operated by DOE-ID in CF-690, evaluates low-level environmental and other
laboratory samples that pose minimal radiological risk from internal or external pathways. The
Dosimetry facility, also in CF-690, has been used to process external dosimetry devices such as film,
TLDs, etc.

2.6.5 CF-674 Building

CF-674 was used from 1953 to 1969 as a Chemical Engineering Laboratory (CEL) to conduct calcine
experiments on simulated nuclear waste. The experiments created liquid waste streams discharged
to a pond designated as CFA-04. This waste stream was contaminated with calcine that contained
low-level radioactive waste (DOE-ID 2003).

2.7 TEST REACTOR AREA, MARCH 31, 1952, TO PRESENT

The TRA is approximately 5 miles north of Central Facilities. Eight reactors have been built and
operated in the TRA. Three of the reactors — Materials Test Reactor, Engineering Test Reactor
(ETR), and Advanced Test Reactor (ATR) — were high-flux reactors designed for materials testing.
The remaining five — Reactivity Measurement Facility (RMF), Advanced Reactivity Measurements
Facility No. 1 (ARMF-1), ARMF-2, Engineering Test Reactor Critical (ETRC), and Advanced Test
Reactor Critical (ATRC) — were low-power reactors designed to perform reactivity measurements. At
present, only the ATR and ATRC are operational.

Other TRA facilities of radiological concern are the TRA Hot Cells, Gamma Facility, Radiation
Measurements Laboratory, Radiological Chemistry Laboratory, Liquid Waste Disposal Ponds, and
High-Level Liquid Waste Disposal Tanks and Transfer Facility.

All personnel entering the TRA must wear a dosimetry badge, and those who work in or near
radiological control areas must wear PICs. Personnel working in radiological control areas are on a
routine bioassay program and receive routine whole-body counts.

2.7.1 Materials Test Reactor, March 31, 1952, to April 23, 1970

The MTR (TRA 603) was the original reactor at the Test Reactor Area and the second reactor to be
operated at INEEL. Fueled with enriched uranium fuel, water-cooled and water-moderated, this
reactor was a key part of the AEC postwar reactor development program. It operated at a power level
of 30 MW until September 1955, when thermal output was increased to 40 MW. It supplied a high
neutron flux in support of a reactor development program subjecting potential reactor fuels and
structural materials to irradiation.

The MTR gave the researcher several options to achieve sample irradiation. Lead experiments
entered from the top of the reactor with positions around the core. Pneumatic ports on the reactor top
enabled the insertion of capsules for irradiation in the graphite region around the core. A hydraulic
rabbit system underneath the reactor enabled the insertion of specimens and their discharge to the
canal during reactor operation. In addition, horizontal and angular beam holes made it possible to
perform cross-section measurements and other physics research, including several neutron
experiments. The high-flux radiation fields available in this reactor made it possible to accelerate the
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screening of test materials. In its early years, the MTR contributed to the design of pressurized-water,
organic-moderated, liquid-metal-cooled, and other reactors. Its successful operation resulted in a
family of plate-type reactor fuels.

The MTR logged more than 125,000 operating hours and more than 19,000 neutron irradiations.
During August 1958, it became the first reactor to operate using **°Pu as fuel at power levels as high
as 30 MW. In early 1970, the MTR was once again fueled with **Pu. The last core was named
"Phoenix" after the legendary bird that lived 500 years, burned itself to ashes, then rose to live again.
The plutonium cores demonstrated that a plutonium-fueled, water-moderated reactor could be
controlled satisfactorily. In August 1970, the MTR was again brought to power for a 24-hour run to
irradiate 1,000 biological samples for iodine analysis.

Internal exposure was most probable during the first few hours of shutdown. When the reactor top
was removed, airborne fission products would be released. During shutdown, airborne radioactivity of
mixed fission products and activation products from maintenance activities resulted in some potential
for internal exposure. Some experiments in loops resulted in releases particularly of activation
products.

External exposure occurred during the variety of operations associated with sampling a test reactor
and the associated maintenance activities. The major contributors to external exposure were mixed
fission and activation products that emitted beta and gamma radiation with energies typically above
250 keV.

2.7.2 Engineering Test Reactor, September 19, 1957, to December 1981

When the 175-MW ETR started in 1957, it was the largest and most advanced nuclear materials test
reactor in the world. It provided larger test spaces than the older MTR and a more intense neutron
flux. ETR fuel, coolant, and moderator materials were evaluated under environments similar to those
of power reactors. Several experiment loop facilities were designed to test the fuels for the ANP
Program and the Navy fuel development program.

In 1972, a Sodium Loop Safety Facility was added to the ETR reactor core. With this, the reactor
played a new role supporting the DOE breeder reactor safety program. ETR test programs were
related to the core design and operation of breeder reactors. As testing progressed, the reactor was
modified with a new top closure to accommaodate the irradiation loop. Other additions included a
helium coolant system and sodium-handling system. The ETR was the first complete reactor facility
to be deactivated and the D&D documented immediately after shutdown.

Internal exposure from airborne radionuclides was minimal during normal reactor operation.
Exposures may have occurred during shutdown as airborne fission products were often released
when the reactor top was removed and access was made to the reactor subpile room and experiment
cubicles for maintenance activities. Some releases of activation products from experiments,
particularly in loops occurred.

External exposure was received by workers in the reactor area during shutdown and changes of loop
and lead experiment samples as required. There were cases of significant gamma fields exceeding
50 mrem hr* from fission and activation products in the reactor subpile room, loop cubicles, and
nozzle trench.
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2.7.3 Advanced Test Reactor, July 7, 1967, to present

The ATR is the latest materials testing reactor to be built in the TRA. It simulates the environment in a
power reactor to study the effect of radiation on steel, zirconium, and other materials. The ATR
produces an extremely high neutron flux, making it ideal for materials testing. Target materials are
exposed to the neutron flux to test their durability in an environment of high temperature, high
pressure, and high gamma radiation fields. Data that normally would require years to gather from
ordinary reactors can be obtained in weeks or months from the ATR.

The ATR can operate up to a power level of 250 MW. Its unique four-lobed design can deliver a wide
range of power levels to nine main test spaces, or loops. Each loop has its own distinct environment
apart from that of the main reactor core. Smaller test spaces surrounding the loops enable additional
tests. In addition, ATR produces radioisotopes for use in medicine, industry, and for other research.

Internal exposure might have occurred during reactor shutdown from mixed fission and activation
products released to the air in the occupied environment of the building. The most probable locations
would be from the reactor top, experiment cubicles, primary coolant rooms, and subpile room. During
reactor operation, areas with airborne radiation are exclusion areas.

External exposures are received primarily during reactor shutdown from fission and activation
products in the fuel, experiments, and associated hardware. Work on the primary system, in the
reactor tank, or loop cubicles would have associated external exposure. Handling of isotope
production samples would produce some exposure depending on the nuclide and quantity. Typical
nuclides generated would include **?Ir, *Tc, *°Co, and **!1.

2.7.4 Reactivity Measurement Facility, February 11, 1954, to April 10, 1962

The RMF was a very-low-power reactor in the east end of the MTR canal that operated at a power
level of 100 or 200 watts. Water was its moderator, reflector, and shield. It was designed to measure
reactivity changes in materials irradiated in the MTR or ETR. 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 (Stacy 2000).

Internal exposure. There was a potential for internal exposure from mixed fission or activation
products from airborne radioactivity during maintenance activities.

External exposures were minimal due to the low-power operating level and the depth of the pool. Any
external exposures would have come from fission and activation products, primarily during fuel
handling.

275 Advanced Reactivity Measurement Facility No.1, October 10, 1960, to 1974

The ARMF-I reactor was in a small pool in the TRA-660 building east of the MTR building. It was
used to determine nuclear characteristics of reactor fuels and other materials for testing in the MTR.

2.7.6 Advanced Reactivity Measurement Facility No. 2, December 14, 1962 to 1968

The ARMF-II reactor was in the opposite end of the tank occupied by ARMF-I. It had a “readout”
system that automatically recorded measurements on International Business Machines (IBM) data
cards. This refinement over the ARMF-I reactor meant that operators could process data quickly in
electronic computers.
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Internal exposure. ARMF-1 and ARMF-I1I airborne activity of fission products could exist if a fuel
element or sample was damaged during handling.

External exposure from ARMF-I and ARMF-II was minimal due to their low operating power levels and
the depth of the canal in which they are located. Exposures would be from fission products and or
activation products during fuel or experiment handling.

2.7.°7 Coupled Fast Reactivity Measurement Facility, 1968 to 1991

When the ARMF-I1I reactor was modified in 1968, it received a new name, the Coupled Fast Reactivity
Measurement Facility (CFRMF). The core was modified to produce a region of high-energy neutron
flux to provide physics information about the behavior of fast (unmoderated) neutrons. Physicists
studied differential cross-sections and tested calculational methods. The CFRMF contributed to the
development of fast neutron reactors (Stacy 2000).

Internal exposure potential existed from airborne fission products that may have been released from
the fuel.

External exposure. Minimal exposure resulted from working on the reactor top to move fuel or
experimental components. Mixed fission or activation products would be the major contributors.

2.7.8 Engineering Test Reactor Critical Facility, May 20, 1957, to 1982

ETRC was a full-scale, low-power nuclear facsimile of the ETR in TRA-635, similar in function to the
ARMF and ATRC. It was used to determine the nuclear characteristics of fuel and experiments
planned for irradiation in ETR and/or the power distribution effects for a given ETR fuel and
experiment loading. The ETRC enabled operators to predict the nuclear environment when
completed experiments were removed or new ones added to calculate the experiment irradiation and
determine core life, control rod withdrawal sequences, reactivity worth, and core safety requirements.

Proposed fuel and experiment loadings were mocked up in ETRC and manipulated until a desired
power distribution throughout the core was attained, satisfying pertinent safety requirements. ETRC
low-power tests enabled the ETR to operate without interruption, saving time and money (Stacy
2000).

Internal exposure from airborne radioactivity of mixed fission products from damaged fuel or leaky
experimental samples containing activation products is possible.

External exposure. Irradiated fuel or samples were transferred in or out of the ETRC under water to
minimize exposure. The operating console was not on the reactor top, which also minimized external
exposure. External exposure would have been from mixed fission products and activation products
during loading or unloading fuel or test samples.

2.7.9 Advanced Test Reactor Critical Facility, May 19, 1964 to present

The ATRC performs functions for the ATR similar to those of the ARMF reactors in relation to the
MTR. It verified for reactor designers the effectiveness of control mechanisms and for physicists
predictions of power distribution in the large core of the ATR. Low-power testing in the ATRC
conserved time so the large ATR could irradiate experiments at high power levels, and verified the
safety of a proposed experiment before it was placed in the ATR (Stacy 2000).
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Internal exposure was possible from fission products released from damaged fuel or experiment
samples containing activation products The damage could occur during transfer in or out of the
ATRC. Some fuel or samples had been preirradiated in the ATR or other facilities.

External exposure occurred during canal work. The operators must on or leaning over the canal
parapet to work with irradiated fuel or experiment samples being transferred in or out of the core
under water. During reactor operation, access to the canal parapet is restricted. The ATRC canal is
21 feet deep.

2.7.10 TRA Hot Cell Facility 1954 to present

The TRA Hot Cells are southwest of the ETR reactor building. They consist of three separate cells
with a common operating corridor. The operators are protected by thick concrete walls and special
viewing windows, behind which they can handle, photograph, mill, measure, and weigh radioactive
samples. The work in the cells has involved all types of samples including irradiated fuel,
transuranics, and isotope production material. Irradiated samples, including failed reactor fuel, can be
putin cell 1 or 3 from a shielded cask outside the building. Each cell has to be entered periodically to
repair equipment or set up for a new job. Entry is through a shielded door in the back of the cell.

Internal exposure might occur during cell entries from the samples and the work performed with
irradiated samples, dust, or particles that could become airborne.

External exposure occurs from samples that go in the hot cells. Exposure to beta, gamma, and
neutrons has occurred. Fuel samples of different types and different ages result in mixed fission and
activation products and transuranics, including **>Cf. Many samples have been prepared as isotopic
sources for industrial or medical applications. Cell entry and sample handling result in most of the
external exposure, and some has occurred from sample ports and manipulator removal operations.

2.7.11 TRA Gamma Facility, 1955 to unknown

The TRA gamma facility was constructed south of the original TRA main security gatehouse. The
facility consisted of a 16-foot-deep canal with cadmium buckets designed to hold spent MTR fuel
elements. Experimental samples were inserted in sample tubes and lowered into extremely high
gamma fields.

Sponsors have provided a large variety of materials and samples for gamma irradiation, including
food products and some natural substances such as gold, diamonds, and oil. Irradiated samples,
which were not radioactive, were surveyed thoroughly for external contamination on removal.

Internal exposure is possible from a spent fuel element used for irradiations which is unlikely to be
damaged.

External exposure was minimal due to handling procedures and shielding from the canal and
transport devices. Fuel was transported in large casks in and out of the canal.

2.7.12 Radiation Measurements Laboratory, 1952 to present

The Radiation Measurements Laboratory (RML), in the MTR west wing, was previously called the
MTR Counting Room. The RML specializes in measuring quantity and quality of alpha, beta, gamma,
and neutron radiation samples. A variety of counting equipment and spectrometers are available in
the RML. Over the years, an endless variety of samples has been brought in for counting. Some of
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the detector shielding was made out of pre-World War Il battleship steel. The original equipment has
been replaced with more modern equipment.

Internal exposure is possible from airborne radioactivity from mishandled samples brought in for
counting. The isotopes encountered would include fission products, activation products, transuranics,
and more.

External exposures are very low due to the small samples required for the counting equipment.
Counting room personnel can encounter neutrons and beta and gamma emitters.

2.7.13 Radiochemistry Laboratory

The Radiochemistry Laboratories are in the MTR west wing. They are used to support the RML and
to perform independent R&D work. Investigators study ways to produce and purify medical
radioisotopes and the effects of radiation on hazardous waste.

Laboratories 109 through 112 were used primarily for chemistry analysis of reactor primary systems

and loop experimental coolants. The predominant radioactivity was mixed fission and activation

products. The south extension to the MTR Wing is the Alpha Laboratories, designed for the safe

?S?ndling of hazardous alpha emitters such as ***U, *°Pu *** Am, and other transuranics, including
Cf.

Internal exposure potential existed from airborne radioactivity from the large variety of samples.

External exposures occur when irradiated samples are brought into the laboratories. One laboratory
has a shielded box, similar to a small hot cell, used for handling highly radioactive samples.

2.7.14 Liguid Waste Disposal Ponds

The TRA Liquid Waste ponds are east of the ETR reactor building. The 7.5-acre ponds were built for
the disposal of low-level liquid waste from test reactor operations. When all three test reactors were
operational, approximately 50 million gallons of wastewater per month were discharged to the
seepage ponds and the ETR disposal well. Most of the activity pumped to the ponds is >*Cr and *H
(Nebeker and Lakey 1970).

An estimated 3,000 wild ducks per year land on the pond, usually stay less than a week, and have
some potential to carry activity off the site. An extensive study analyzed the ducks for ingestion of
¥Cs, *'Cs, "*Se, ¥, #°Pu, and **°Pu (RAC 2002).

Internal exposure. The seepage ponds accumulated a significant quantity of mixed fission products.
The activity was fairly stable as long as water levels remained high. When the water was allowed to
recede and soil was allowed to dry, the activity could become airborne by the winds.

External exposure occurs to the operators from old accumulated activation products and fission
products during routine inspection or sampling of the ponds. Several studies of the water and the soll
in the pond resulted in additional external exposure.

2.7.15 High-Level Liquid Waste Tanks and Transfer Facility

On the south side of the MTR HP office, there are four 1,500-gallon HLLW catch tanks. Placed
underground in concrete vaults. Tanks 1 and 2 receive water from the Hot Drain System, which





| Document No. ORAUT-TKBS-0007-2 | Revision No. 02 | Effective Date: 07/29/2005 | Page 49 of 71 |

includes the MTR floor drains. Tanks 3 and 4 receive liquid waste from the Radiochemistry
Laboratory and the TRA Hot Cells. The liquid waste is accumulated until the tank is nearly full and
then it is sampled. If the waste meets low-level waste criteria, it is transferred to the Retention Basin
and then to the TRA Liquid Waste Disposal Ponds. If it does not meet the criteria, the waste is
transferred to the HLLW holding tanks. When the Hot Waste tanks are nearly full, the wastewater is
loaded on a tank truck and shipped to ICPP for processing. The HLLW tanks consist of two 7,500-
gallon and two 9,000-gallon tanks.

Internal exposure potential exists from airborne radioactivity during entry to the holding tank pits for
repairs from contaminants of mixed fission products and activation products.

External exposure due to sampling and transferring liquid waste is low because the tanks are in
concrete-shielded underground vaults. Radiation sources are mixed fission or activation products
when entry to the pits is necessary.

2.8 AUXILIARY REACTOR AREA, APRIL 1958 to late 1990s

The ARA was originally the Army Reactor Experimental Area (AREA), which was changed to the
Army Reactor Area. It was established as a site to test stationary, portable, or mobile reactors of low,
medium, or high power units. The ARA reactors were built and maintained by contractors with a
mixed cadre of military personnel training on the operation of the facilities. ARA is 10 miles east of
CFA; it began with the ARAI site one-half mile north of Highway 20. ARAII, -1ll, and -1V are at half-
mile intervals along an access road, Fillmore Avenue, north from Highway 20. After the Army phased
out its program around 1965, ARA facilities were used for experiments and tests involving multiple
radionuclides, particularly at the ARA-I hot cell and laboratory facilities. D&D of the ARA ended in
2002.

2.8.1 ARA-|

ARA:-I housed a hot cell facility (ARA-25) and laboratory with hoods and metallurgical equipment to
support reactor and other radiological experimental work. It operated from the early 1960s through
the late 1990s with periods of inactivity. The Hot Cell was involved with recovery of debris from the
SL-I excursion accident and associated reactor and fuel experiments. The hot cell and laboratory
were involved in a wide spectrum of activities from low-level alpha experiments to work with irradiated
reactor samples exposed to core fluxes, including melted and destroyed fuel assemblies from reactor
tests.

2.8.2 ARA-II/SL-1, February 23, 1960, to April 6, 1961

ARA:-II, a half mile north of ARA-I, was the site of a low-power, boiling-water reactor designed and
built by ANL applying its BORAX experience. The reactor, designed to generate only 1000 kilowatts,
was originally named the Argonne Low Power Reactor. After ANL handed over the finished plant to
the Army’s operating contractor, Combustion Engineering (CE), the Army named the reactor the
Stationary Low-Power Reactor Number 1 or SL-1. SL-1 went critical for the first time on August 11,
1958. It operated for periods between 1 and 6 weeks, and then would be shut down for scheduled
maintenance and test changes.

SL-1 was shut down for scheduled annual maintenance on December 23, 1960, and was scheduled
for a January 4, 1961, startup. During preparation for the run, the reactor went “prompt critical” at
9:01 p.m. on January 3, 1961, creating a steam explosion that killed three persons and destroyed the
reactor. The event released fission products (500,000 Ci in the building, and 1,100 Ci to the
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atmosphere) (Horan and Braun 1993) and created high-level radioactive contamination to 50 rad hr™
around the ARA-II area. Initial recovery from the accident resulted in short-term exposure exceeding
500 rad hr''to personnel in radiation fields. Extensive cleanup efforts followed, including complete
dismantlement of the facility. The reactor vessel went to the TAN, some of the contaminated items
went to the RWMC, and some debris was buried in a specially designated location (two large pits and
a trench) about 1,600 feet from the SL-1 compound. The walls of the silo, the power conversion and
fan-floor equipment, the shielding gravel, and the contaminated soil gathered during the cleanup went
into the pits at SL-1. Three feet of clean earth shielded the material. An exclusion fence with hazard
warnings around the area remains in place east of the reactor site. Operating power history and
release information is contained in RAC (2002, p. 117).

2.8.3 ARA-III

ARA:IIl, another half mile farther north, was the site for the Army Gas-Cooled Reactor Experiment
(GCRE). GCRE was a water-moderated, nitrogen (gas)-cooled, direct and closed-cycle reactor. It
generated 2,200 kilowatts of heat, but no electricity. The Army wanted to develop a mobile nuclear
power plant, and the GCRE was the first phase of that program, proving the principle of this reactor
concept. The reactor provided engineering and nuclear data for improved components. The GCRE
was used to train military and civilian personnel in the operation and maintenance of gas-cooled
reactor systems.

2.8.4 ARA-1V, March 30, 1961 to May 29, 1964

ARA:-1V, another half mile north on Fillmore Avenue, was the site for the Mobile Low-Power Reactor
(ML-1). The entire ML-1 plant was designed to be transported either by standard cargo transport
planes or standard Army low-bed trailers in separate packages weighing less than 40 tons each. The
ML-1 reactor was operated remotely from a control cab about 500 feet away. It could be moved after
a 36-hour shutdown. The reactor was designed for ease of operation and maintenance by
technicians at remote installations, for reliable and continuous operation under extreme climatic
conditions, and for the rigors of shipment and handling under adverse conditions. The Army phased
out its reactor development program around 1965.

Exposures relate to all of the ARA facilities.

Internal Exposure potential was typical of that associated with operation of a low-power reactor with
the exception of the Hot Cell (ARA-1) effluent and the SL-1 excursion, which resulted in fission product
release (1,100 curies to the atmosphere). Airborne radioactivity consisting of mixed fission products
and activation products would cause most internal exposure.

External Exposure was significant from the SL-1 excursion and recovery operations. Nine technical
overexposures resulted, ranging from 15 to 27.3 rem (whole-body dose) (Horan and Braun 1993).
Hot cell work and D&D efforts in the reactor areas contributed to exposure pathways. Hot cell entries
after working with irradiated experiments were a source of high exposure. Expected exposure
potential was from photons greater than 250 keV from the mixed fission products and activation
products associated with the SL-1, Hot Cell operations, and other work connected with reactor
operation and maintenance activities. Dosimetry badges were worn by workers in this area.
However, extremity dosimetry might not have been used by all personnel during recovery from the
SL-1 accident.
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2.9 WASTE REDUCTION OPERATIONS COMPLEX/POWER BURST FACILITY/SPECIAL
POWER EXCURSION REACTOR TEST AREAS

The Waste Reduction Operations Complex (WROC)/Power Burst Facility (PBF)/SPERT area is south-
centrally located east of CFA on the INEEL site and 51 miles west of Idaho Falls. The site was
originally established to conduct research on small power reactors and reactor safety. Its current
mission is storage of spent nuclear fuel, treatment and storage of mixed and low-level waste, and
research to reduce hazardous and mixed waste. As part of the DOE mandate to treat legacy wastes
and remediate the environment, these facilities now provide safe treatment, storage, and recycling of
INEEL radioactive, mixed, and low-level wastes. Many of the wastes treated originated at INEEL.
Internal and external exposure will be noted at the end of section 2.9 for all the sub-sections.

29.1 SPERT -1, June 11, 1955 to 1964

SPERT-I was an open-tank, light-water-moderated, reflected reactor, originally using 92% enriched
uranium fuel. The reactor tank, about 4 feet in diameter and 14 feet high, was the first in a series of
four safety-testing reactors designed to study the behavior of reactors when their power levels
changed rapidly. Power runaways were deliberately produced by moving the control rods. The
variables in the thousands of SPERT studies included fuel plate design, core configuration, coolant
flow, temperature, pressure, reflectors, moderators, and void and temperature coefficients.

At 12:25 p.m. on November 5, 1962, destructive Test No. 1 was initiated with a plate type core. A
violent explosion occurred immediately after the final power excursion, during which complete fuel
plate melting occurred in approximately 8% of the core, with partial melting in approximately 35% of
the core. It was reported that “those isotopes which were collected were released as gases. No solid
products were collected.” Test No. 2 began at 8:15 a.m. on November 10, 1963, and Test No. 3
began at 1:14 p.m. on April 14, 1964 (Miller, Sola, and McCardell 1964). A number of nondestructive
runs were conducted to gain operational information. All operations were conducted from a control
building a half mile from the reactor. SPERT-I tests demonstrated the damage-resistant capabilities
of low-enrichment (4% ***U) uranium-oxide fuel pins similar to those used in water-cooled reactors
powering large central stations.

29.2 SPERT-1l, March 11, 1960, to October 1964

SPERT-II, south and east of SPERT-I, was an extension of the SPERT-I excursion tests. It was a
closed pressurized-water reactor with coolant flow systems designed for operation with either light or
heavy water. The pressure vessel was 24-1/2 feet high with a 10-foot inside diameter. Tests with
heavy water (deuterium, an isotope of hydrogen) were desired because heavy water reactors were of
growing importance in Canada, Europe, and the United States. In addition, heavy water tests enabled
verification of physics calculations on the effects of neutron lifetime on power excursions.

At present, the area is used as a lead storage facility; it has been primarily used for storage since
1964. PBF-contaminated reactor coolant was stored in a tank at the facility and other components
were stored in a radioactive material storage area. The radioactive liquid waste and radioactive
material storage area have been removed.

2.9.3 SPERT-IIl, December 19, 1958, to June 1968

SPERT-Illwas the most versatile facility yet developed for studying the inherent safety characteristics
of nuclear reactors. This reactor (which was planned as the third in the series of SPERT reactors but
was the second built) provided the widest practical range of control over three variables: temperature,
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pressure, and coolant flow. The reactor was in a pressurized vessel similar to those used in
commercial power production. Water could flow through the vessel at a rate as high as 20,000
gallons per minute, handle temperatures as high as 650°F, and pressures as high as 2,500 psi.

294 SPERT -1V, July 24, 1962, to August 1970

SPERT-IV was an open-tank, twin-pool facility that permitted detailed studies of reactor stability as
affected by varying conditions including forced coolant flow, variable height of water above the core,
hydrostatic head, and other hydrodynamic effects. The water-moderated and reflected reactor used
highly enriched, aluminum alloyed, plate-type fuel elements. The SPERT-IV facility was modified by
the installation of a Capsule Driver Core (CDC), which permitted the insertion of fuel samples in a test
hole in the center of the reactor core, where they could be subjected to short-period excursions
without damaging the “driver” fuel in the rest of the core. Work on fuel destructive mechanisms
continued until the PBF replaced the CDC.

In commercial plants, the reactor cores contain tons of fuel. Analysts imagined the consequences if
the coolant somehow failed to carry away the fission heat. Suppose a pipe leaked or broke? The
SPERT tests had proven that such a situation would easily put a stop to the chain reaction: the loss of
pressure would allow the water to turn to steam; the lower density of steam would fail to moderate the
neutrons; and the nuclear reaction would stop. But the radioactive decay of the fission products in the
fuel elements would continue to produce heat and continue to need cooling. This concern spawned
the Loss-of-Coolant-Accident Program and the PBF. The SPERT reactors were decommissioned and
replaced with other operations, as noted below.

295 Power Burst Facility, September 22, 1972, to 1985

The PBF is a much larger and more sophisticated reactor than the SPERT reactors. It was built on
the site of the SPERT-I facility. PBF was initially developed to perform tests of nuclear reactor fuels
during off-normal reactor operations. It was designed to simulate various kinds of imagined accidents
caused by sudden increases in the reactor operating level. PBF was the only reactor in the world that
could perform rapid power changes (bursts) within milliseconds. It performed simulated LOCAs and
severe-fuel-rod-burst tests in a special assembly (loop) in the main reactor core. Fuel damage on
experiments in the loop would transport fission products throughout the loop piping and through steam
lines outside the shielded loop cubicle. Monitors detected and timed the precise movement of fission
products as they escaped from a fuel rod with failed cladding. Data from these tests were used to
develop and validate fuel behavior computer codes for the NRC. Retrieving data and modification of
the various test configurations resulted in exposure to high radiation fields and potential for release of
fission products in the reactor containment.

The PBF was a high-performance, water-cooled, uranium-oxide-fueled reactor designed to provide
information on light-water reactors. Airborne effluents were filtered and passed through charcoal beds
to remove iodine. Liquid wastes were pumped to a disposal well or held in tanks for transport to the
ICPP. The reactor operated from September 22, 1972, into 1985 until it was placed on standby
status. In 1998, the PBF was placed in shutdown status and is being prepared for fuel removal.

2.9.6 Lead Storage Facility

The Lead Storage Facility is housed in the old SPERT-II facility. It is used to collect and store clean
lead for the INEEL emergency lead inventory. The building was used in the past for storage of
radioactive material. The area is not a radiological concern.
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2.9.7 Waste Experimental Reduction Facility, 1982 to 2001

The Waste Experimental Reduction Facility (WERF) is a versatile waste treatment facility that began
treating low-level radioactive wastes in 1982 at the location of SPERT-III after that facility’'s D&D. Its
original mission was to reduce the volume of low level radioactive waste through incineration,
stabilization, compaction, and metal sizing processes to prepare wastes for safe permanent
disposition prior to burial at the RWMC. In the beginning, metal was sized and melted into ingots in
two furnaces until it was determined sizing alone was more cost-effective. An incinerator was added
and used to reduce the volume and increase the stability of a wide variety of low-level wastes prior to
disposal at the RWMC. In 1984, the incinerator began treating RCRA-defined mixed (radioactive and
hazardous) waste. Wastes from INEEL and other DOE facilities were treated under provisions in the
INEEL Site Treatment Plan. INEEL began the closure process for the WERF, which should take 3
years, in 2001.

2.9.8 Mixed Waste Storage Facility

The Mixed Waste Storage Facility, in the SPERT-IV reactor building, is a RCRA storage facility for
interim storage of mixed low-level wastes. It has regulatory approval to store polychlorinated
biphenyls (PCBs), corrosives, and flammables. Treatments are being developed for the types of
wastes stored in the facility.

Internal exposures were possible based on releases from the various reactor operations at the
SPERT reactors and PBF. Maintenance activities and other work with radioactive material (especially
from PBF loop experiment) resulted in airborne mixed fission and activation products, making possible
internal exposure with **’Cs being the primary radionuclide.

External exposure resulted from experiment changes related to reactor experiment changes and
maintenance activities. *'Cs was a primary nuclide for direct radiation exposure from fission products
in the transport lines and in the loops at the PBF during Severe Fuel Damage tests when radiation
levels were measured up to 50 rad hr'*. Other radiological work activities resulted in much lower
exposure rates from the mixed fission products and activation products.

2.10 ORGANIC MODERATED REACTOR EXPERIMENT, SEPTEMBER 17, 1957, TO APRIL
1963

The Organic Moderated Reactor Experiment (OMRE), a few miles east of the CFA, was built to test
the feasibility of the organic-cooled reactor concept. OMRE demonstrated the technical and
economic feasibility of using a liquid hydrocarbon as both coolant and moderator. The reactor
operated with a succession of cores. The waxy coolant was considered promising because it
liguefied at high temperatures but did not corrode metal as water did. In addition, it operated at low
pressures, significantly reducing the risk of leaks. However, it lacked test loops needed to investigate
various organic coolants and experimental fuel elements.

A scaled-up reactor, the Experimental Organic Cooled Reactor (EOCR), was built next to OMRE in
anticipation of further development of the concept. The purpose of EOCR, which had special testing
loops and other advanced features, was to extend and advance the OMRE studies. During the final
stages of its construction, EOCR was placed in standby (December 1962) when the AEC decided that
the organic-cooled concept would not significantly improve performance over what other reactor
concepts had achieved for nuclear power. EOCR never operated. The building was recycled for
other (non-nuclear) uses.
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Internal Exposure. On November 16, 1960, an experiment was conducted to determine the feasibility
of open-air burning of contaminated solvents accumulated at the OMRE facility. Approximately 400
gallons of liquid consisting of diesel oil, xylene, methyl-chloroform, and a small amount of water were
placed in an open vessel and ignited. Since the reactor did not operate, no other potential for internal
dose occurred.

External exposures were possible from mixed fission products and activation products associated with
core changes and associated reactor maintenance in radiological areas.

2.11 TEST GRID Ill, 1957 TO APRIL 24, 1970

Test Grid Ill, near Lincoln Boulevard south and east of NRF and east of the TRA and INTEC, was the
site of several tests with atmospheric releases. It originated in the 1957 timeframe, and was based on
concerns about what would happen from nuclear aircraft crashes, etc. This highly instrumented grid
would measure atmospheric conditions and release information of the various tests (RAC 2002).
These experiments were planned and conducted by the DOE HSL rather than by any contractor.
Exposure information is summarized at the end of section 2.11 for the following sub-sections.

2.11.1 Fuel Element Burn Tests

Fuel Element Burn Tests A and B were conducted on test Grid 11l to support the General Electric ANP
Program to evaluate the consequences of a nuclear aircraft crash involving a fire. Aged fuel elements
were heated to assist with understanding the behavior of a fuel element in a large fire and to provide
initial data on the percentage release of fission products to the environment. Average ground
radiation levels near the burn site immediately following the burn test were 200 mrem hr* (Brodsky
and Beard 1960). Meteorological conditions had been carefully studied in advance and were closely
monitored during the tests.

FEBT-A was conducted at 2:19 p.m. on March 20, 1957, using an irradiated fuel element (well-aged)
containing 5,000 Ci of fission products. A pool of jet fuel was ignited under the fuel element, which
reached a temperature of about 2,250°F. After the fire, the fuel element was intact with a small
puncture in the cladding.

FEBT-B used an induction furnace that heated a fuel element containing 10,000 Ci of fission products
to 5,000 °F. Most of the fuel element melted and dispersed within 90 seconds during inversion
conditions (Brodsky and Beard 1960). The test was conducted at 6:47 p.m. on March 20, 1957.
FEBT-B was ranked above other release events at both onsite and offsite locations as an episodic
event in RAC (2002).

2.11.2 Fission Products Field Release Tests, July 25, 1958, to September 26, 1958

Fission Products Field Release Tests (FPFRTSs) were conducted on Grid Il to represent accidents
involving nuclear-powered aircraft. Nine tests evaluated release percentages, airborne radioactivity,
and diffusion and deposition characteristics of fission products released from melted aircraft reactor
fuel elements (Convair 1959). Five tests were with fuel decayed for 922 to 985 days and four were
with fuel decayed for 42 to 65 days. Operating temperatures were between 1,000 and 2,300°C. To
simulate a potential accident, the tests used an induction-type furnace to heat the elements rapidly to
the melting point in approximately 2 minutes, and maintained this temperature for approximately 10
minutes after melting began (Convair 1959). Instruments situated about a fan-shaped grid with seven
concentric arcs and a maximum radius of about 5 miles obtained cloud diffusion, meteorological,
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radiological, radiobiological, and deposition data. RAC (2002) contains information on meteorological
conditions, furnace temperatures, release fractions, etc.

2.11.3 Relative Diffusion Tests, November 30, 1967, to October 1, 1969

The four Relative Diffusion Tests (RDTSs) involved the intentional release of 1 to 6 Ci of both methyl
and elemental radioiodine. Details on these releases are limited, but some information is in DOE
(1991b) and RAC (2002).

2.11.4 Experimental Cloud Exposure Study, May 3, 1968, to April 24, 1970

The Experimental Cloud Exposure Study (EXCES) tests in 1968 and 1969 consisted of ***Xe releases
ranging from 32 to 600 Ci; tests in 1970 consisted of *’Na releases ranging from 6.6 to 120 Ci. The
primary objectives for the tests included measuring total exposure at several downwind distances;
determining dimensions of the plumes; documenting the release rate and height, wind speed, and
temperature; and measuring the gamma energy spectrum at one or more points during the release.
Releases were planned to occur during meteorological conditions characterized by winds out of the
southwest to minimize potential on- and offsite exposure and to ensure that the cloud passed over
preset instrumentation. Voillequé (1969) discusses an outline of plans for the ***Xe release tests,
including the general objectives and procedures associated with the tests (RAC 2002).

Internal exposures were possible from the airborne radioactivity released from the tests and potential
airborne radioactivity from the materials during handling. Grid Il was highly instrumented to detect
release fractions. The FEBT-B had a high ranking for INEEL releases, and the least amount of
monitoring, according to RAC (2002). Personnel were involved in the Site’'s bioassay program.

External exposure would have resulted from working in the proximity of, handling, or transporting
irradiated test fuel elements with a potential for exposure from photons greater than 250 keV
consistent with that of other irradiated fuel loading and unloading tasks.

2.12 EXPERIMENTAL DAIRY FARM/EXPERIMENTAL FIELD STATION

The EFS was a 27-acre plot about 7 miles northeast of the ICPP near Grid Ill. This facility, also
known as the Dairy Farm, was established to further studies on the pathway of ***| from a release to
the human thyroid. It included pastures, a barn, six cows, and a grid of detection instruments in the
pasture in regular lines and rows.

2.12.1 Controlled Environmental Radioiodine (Release) Tests, May 27, 1963, to December
1977

The primary objectives of the Controlled Environmental Radioiodine Test (CERT) releases were to
establish relationships between the amounts of radioiodine in different environmental media.
Specifically, these tests studied relationships between air and soil and vegetation, vegetation and
milk, and milk and human thyroids. They involved releases of elemental and methyl radioiodine
ranging in amount from 0.05 to 8 Ci. Most of the releases occurred at the Experimental Dairy Farm.
Others occurred at the ICPP, ARA, NRF, and CFA areas. In 1968, the name was changed to
Controlled Environmental Release Test to reflect the release and study of additional radionuclides,
such as cesium, cerium, potassium, and krypton. Hawley (1964) reports that the CERT No. 1 release
occurred near ground level over a 30-minute period. Additional information regarding this test series
is provided by Hawley (1964); Bunch (1966 and 1968), and Zimbrick and Voillequé (1969). Early in
the test program, the AEC granted permission to six DOE-ID volunteers to be a part of a human
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experiment program. During initial tests these volunteers sat in the field during the release. In later
tests, after the cows had eaten contaminated grass, the volunteers drank small quantities of milk. The
series included 29 experiments, although only a few of the early ones involved human consumption of
milk.

Internal exposures were possible from all the releases and were intentional during the early phases of
the tests. Exposures are well documented in the dosimetry records.

External exposure was well below the level acceptable for radiological work from the tests. Personnel
were required to wear dosimetry devices.

2.13 INEEL RESEARCH CENTER, 1984 to present

The INEEL Research Center (IRC), a 35-acre site on North Boulevard in Idaho Falls, was built
between 1982 and 1984. The facility was dedicated in 1984 to further the INEEL research and
engineering mission. The IRC has 58 laboratories in IF-603 for geophysics, chemistry, microbiology,
and other sciences; 18 of these are general-purpose modules for electronics design, optics, lasers or
materials testing, and nondestructive examination research and development. The Center conducts
laboratory work with tracer-level radionuclides. One of the early missions was work for the Bureau of
Mines with ores, some containing natural uranium. The INEEL Engineering Demonstration Facility
(IF-657) houses several prototypical-scale R&D projects that support programs in military munitions
assay, advanced sensor systems, environmental restoration, subsurface investigation, and materials
science. There is a shielded ?*Cf source (initially 2.5 mCi) in the high bay of IF-638. The onsite
radiological control technician has additional low energy Pu, Sr, and Am sources for portable survey
instrument response checks.

Internal exposure potentials are minimal because of the radiotracer-level, low-energy alpha and beta
source material such as natural uranium, **C, etc.

External exposure. Low-level personnel exposures have been measured from the neutron source (2-
to-20-MeV range) and X-ray (30-to-250-keV range) equipment. Personnel dosimetry is required for all
work in radiation areas.

2.14 ARMY REENTRY VEHICLE FACILITY SITE (OR STATION), 1965 TO MAY 1996

The Army built the Army Reentry Vehicle Facility Site (ARVFS) 12 miles northeast of CFA in 1965 for
classified DOD experiments with an advanced reentry vehicle fuzing system. The facility consisted of
an open-top cylindrical test pit, an underground bunker, and a system of cables and pulleys between
the bunker and tank (Thiel 1997; Mobley 1987).

The ARVFES Facility was used in 1965 to conduct an irradiation study using four spent MTR fuel
elements to evaluate the accuracy of the Radiological Safety Analysis Computer (RSAC)-generated
code cloud-gamma exposure information. Movement of the fuel to conduct the experiment and the
transportation of the fuel to and from the facility was an external exposure source. Dose rates are not
available (McCaslin 1968).

The bunker was used to store NaK coolant radiologically contaminated from the EBR-I Mark Il nuclear
reactor core meltdown in November 1955. The NaK was stored from 1974 through 1995, when it was
shipped to ANL-W for reprocessing. Engineering evaluations from 1986 through 1992 provided
radiological data with maximum radiation exposure rates from the NaK containers to be ~ 40 Rhr™.
The radiological fission product inventory in the NaK reported in LaRue and Dolenc (1986) was 23.3
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grams and about 133 Ci. The Final Safety Analysis Report indicates that conservative total dose to
process the four NaK containers would be 0.394 rem, assuming the same person was involved with
each step (Mobley and Keller 1991).

Internal exposure potential was minimal at ARVFS because airborne radioactivity was not present
during activities at the bunker.

External exposure occurred during radiological surveys and loading and unloading of the NaK
containers for storage and or transport.

Table 2-3. ICPP 601/602 process cell information.

Cell

Process description

Cell function

EBR feed preparation

Fuel dissolution

MTR feed preparation

Fuel dissolution

MTR feed preparation

Fuel dissolution

Str-sir feed preparation

Fuel dissolution

First cycle extraction

Uranium separation

MTR feed preparation

Fuel dissolution

MTR first cycle extraction

Uranium separation

Hot salvage

Solvent recovery

Rala process cell

Recovery of RalLa

First cycle extraction

Second cycle extraction

Product transfer cell

Third cycle extraction

Solvent pumps

Hexone storage

First cycle agueous raffinate treatment

Health physics field office

First cycle solvent raffinate

Sample dilution & decontamination

Second & third cycle raffinate treatment

N<|X|z|<|C|TH|»[DO|T|Z(|R|<|T(O|T|m|T|O|>

Product room
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GLOSSARY

absorption

The process by which radiation imparts some or all of its energy to any material through which
it passes.

activation
The process of inducing radioactivity by irradiation.

AmBe

A common neutron source created by an alpha particle from ***Am interacting with beryllium to
produce a large neutron yield with low gamma-ray yield.

Albedo dosimeter

A device to detect and measure slow neutrons generated by higher energy neutrons incident
on the body and that reflect back into the dosimeter.

annual dose equivalent

The dose equivalent received in a year. The annual dose equivalent is expressed in units of
rem (sievert).

anti-Cs

Anticontamination clothing, referring to special clothing worn by personnel for protection from
radiological contamination.

Atomic Energy Commission
An agency established by the U.S. Government for oversight of nuclear weapons and power
production; a predecessor to the U.S. Department of Energy.

background radiation

The radiation in an ambient environment which includes cosmic rays, radiation from natural
sources, and man-made sources.

beta () dose

A designation for external dose referring to the dose from less-energetic beta, X ray, and/or
gamma radiation; typically a shallow dose or dose to the lens of the eye.

beta radiation

Radiation consisting of electrons or positrons emitted at high velocity from the nuclei of certain
radioactive elements. Most direct fission products emit beta radiation.

blowdown

Sudden depressurization from a break in a pipe containing pressurized water in a reactor
system.

boiling-water reactor
A nuclear reactor concept in which the coolant, water, is permitted to boil as it absorbs the
heat of the nuclear reaction.
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breeder reactor
A nuclear reactor concept in which the operation produces a net increase in fissionable reactor
fuel.

calcine
The dry solid (grainy or granular) product of a chemical process of removing liquids from a
solution; also, the process for creating the chemical reaction that removes liquids from a
solution.

cladding
The outer layer of material encasing a reactor fuel element (e.g., aluminum or zirconium).
Cladding promotes the transfer of heat from the fuel to the coolant and contains fission
products and activation products that result from the fissioning of the fuel.

collective dose equivalent
The sum of the dose equivalents of all individuals in an exposed population. Collective dose is
expressed in units of person-rem (person-sievert).

collective effective dose equivalent
The sum of the effective dose equivalents of all individuals in an exposed population.
Collective effective dose is expressed in units of person-rem (person-sievert).

containment building
A safety feature of reactors typically engineered to be an airtight building, to prevent the
release of radioactive gases or radiological contamination to the atmosphere or area outside
the containment.

control rod
A device manipulated within a nuclear reactor constructed of material to absorb neutrons for
the purpose of slowing down or increasing the nuclear reaction.

contamination, radioactive
Particulate matter on surfaces or in the air that is radioactive.

control room
The operating center of a nuclear reactor from which the reactor is operated and monitored.

coolant
In a reactor, a gas or fluid (water, liquid metal, etc.) contacting reactor fuel for the purpose of
reducing or removing heat generated by the nuclear reaction.

core

That part of the reactor consisting of the fuel and some of the control elements for reactor
operation.

criticality
A reaction capable of sustaining a nuclear chain reaction.

Curie
A special unit of radioactivity equal to 3.7x10" disintegrations per second (dps).
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D&D
Decontamination and decommissioning; dismantling or demolishing a facility after removal of
radioactive and other potentially hazardous materials from the structure and premises.

decontaminate
A process removing radioactive particles from a person, place, or object.

depleted uranium
Uranium nuclide that has undergone a process to remove ***U resulting primarily in ***U.

dose equivalent (H)
The product of the absorbed dose (D), the quality factor (Q), and any other modifying factors.
The dose unit is the rem.

dose

A specific amount of energy from ionizing radiation or a toxic substance absorbed per unit of
mass.

dose of record
The dose recorded for individual worker files.

dosimeter
A device used to measure accumulated radiation exposure.

dosimetry

The science of assessing absorbed dose, dose equivalent, effective dose equivalent, etc.,
from external or internal sources of radiation.

Emergency Core Cooling System
An emergency backup system designed to inject coolant into the core of a reactor to prevent
the overheating of the fuel and subsequent fuel damage.

enriched uranium
Uranium enhanced from its natural state to contain a higher abundance of the isotope **U.

excursion
Planned or accidental increase in the normal operating power level of nuclear reactions.

exposure
Technically, a measure of X-ray or gamma radiation capability to ionize air (units of Roentgen).

extremity
The arm from and including the elbow through the fingertips and the leg extending from and
including the knee through the toes.

film
Generally means a "film packet" that contains one or more pieces of film in a light-tight
wrapping. The developed film has an image caused by radiation that can be measured using
an optical densitometer.
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fission
A nuclear transformation characterized by the splitting of a nucleus into at least two other
nuclei and the release of a relatively large amount of energy.

fission product
Elements or compounds resulting from fission.

flux

The intensity of particles (e.g., the number of neutrons passing through a unit area in unit
time.)

fuel assembly
An arrangement of nuclear fuel and its cladding material into a particular form and shape for
use in a nuclear reactor. Fuel may be assembled in plates, rods of various diameters, or other
shapes.

fuel reprocessing
A chemical process, usually involving several steps, that recovers
products from spent fuel.

235 U and other fissionable

gamma rays
Short wave length electromagnetic radiation (photons) originating in atomic nuclei and
accompanying many nuclear reactions (e.g., fission, radioactive decay, and neutron capture)
in an energy range of 10 keV to 9 MeV.

Gray (Gy)
The special name for the Sl unit of absorbed dose (1 Gy =j kg™).
half-life
The time it takes for one-half of any given number of unstable atoms to decay (disintegrate).
HEU
Highly enriched uranium.
hot cell
A specialized shielded laboratory in which radioactive materials may be handled with the aid of
remotely operated manipulators. The walls and windows of the laboratory are made of
materials designed to protect workers from radiation.
hot run

An operational (or test) run of a chemical process and equipment using radioactive materials.

interim storage

A concept in the management of nuclear waste in which the waste is moved to an intermediary
location between its point of origin and its ultimate storage location.

ionization chamber
A device used to measure exposure or radiation dose.
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ionizing radiation
Electromagnetic or particulate radiation capable of producing charged particles through
interactions with matter.

irradiate
To expose a substance to radiation.

isotope
Nuclides having the same number of protons in their nuclei (same atomic number), but having
a differing number of neutrons (different mass number).

megawatt
A measure of electrical power equal to 1 million watts.

meltdown
The melting of nuclear reactor fuel caused by a failure of the coolant to adequately carry away
heat.

millirem

A unit of radiation equal to one-thousandth of a rem (see rem).

microcurie
A measure of radioactivity equal to one-millionth of a curie.

mixed waste
Waste that is both chemically hazardous and radioactive.

moderator
A material used in a nuclear reactor to reduce the natural speed of neutrons ejected from
fissioning atoms (water, graphite etc.).

natural uranium
Uranium occurring in nature that has not been through an enrichment process.

neutron

A basic particle in a nuclear reaction, electrically neutral, with nearly the same mass as a
hydrogen atom.

neutron, fast
Neutrons with energy equal or greater than 10 keV.

neutron, thermal
Strictly, neutrons in thermal equilibrium with surroundings. Generally, neutrons with energy
less than about 0.5 eV.

nuclear energy
Energy released from a nuclear fission or fusion reaction.

nuclear power plant
An electrical generating facility using nuclear fuel.





| Document No. ORAUT-TKBS-0007-2 | Revision No. 02 | Effective Date: 07/29/2005 | Page 68of 71 |

nuclear waste
A general term used for the byproduct nonuseable material resulting from nuclear reactions,
including high-level, intermediate, low-level, mixed and transuranic waste.

nucleus
That part of an atom consisting of the total positive electrical charge and most of the mass.

pocket dosimeters
A type of ionization chamber used by personnel to measure radiation dose. Other names are
pencil dosimeter, pocket pencil, pocket ionization chamber (PIC).

personal dose equivalent Hy(d)
Represents the dose equivalent in soft tissue below a specified point on the body at an
appropriate depth d. The depths selected for personnel dosimetry are 0.07 mm and 10 mm,
respectively, for the skin and body.

photon
A quantum of electromagnetic energy often referred to as X-rays or gamma rays, but also
including light and radiant heat.

Pressurized-water reactor
A concept in which water used to cool the reactor core is pressurized to prevent boiling. Heat
is typically transferred from a primary system to a secondary system.

primary loop
A closed experimental system through which coolant flows as part of the control for a nuclear
reaction using the main reactor as the primary source for neutron flux.

proton
An elementary atomic particle with a positive electrical charge equal numerically to the charge
of the electron and a mass slightly greater than 1 mass unit.

Quality factor, Q
A modifying factor used to derive dose equivalent from absorbed dose.

rad
The unit of absorbed dose.

radiation
Energy transferred through air or some other media in the form of particles or waves (see
ionizing radiation).

radioactivity
The spontaneous emission of radiation, generally alpha or beta particles, gamma rays, and
neutrons from unstable nuclei.

radioactive waste
Byproducts of nuclear processes that are radioactive and have no useful recyclable purpose
(see nuclear waste).
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radionuclide
A radioactive species of an atom characterized by the constitution of its nucleus specified by
the number of protons, neutrons, atomic number, and mass number.

RalLa
Radioactive lanthanum, one of the fission products of a nuclear reaction; a lanthanum
recovery process at the INTEC for development weapons.

reactor vessel
A steel container enclosing the fuel elements, control elements, coolant piping, and other
structures that support the core of a nuclear reactor.

reflector
Part of the structure of some nuclear reactors designed to reflect neutrons back into the core
of the reactor.

relative biological effectiveness (RBE)
A ratio of the absorbed dose of a reference radiation to the absorbed dose of a test radiation
producing the same biological effects, other conditions being equal.

rem
A unit of dose equivalent, equal to the product of the rad absorbed and the quality factor.

retention basin
An outdoor basin (of any of several designs) in which liquid solutions are deposited and held
pending evaporation or the precipitation of solids.

Roentgen (R)
A unit of exposure to gamma (or X-ray) radiation, defined precisely as the quantity of gamma
(or X) rays that will produce a total charge of 2.58 x 10" coulomb in 1 kg of dry air STP. An
exposure of 1 R is approximately equivalent to an absorbed dose of 1 rad in soft tissue for
higher (~>100 keV) energy photons.

secondary loop
The system in a reactor receiving transfer heat from a primary system. The secondary system
is not exposed to the reactor core and is free of radioactivity under normal circumstances.

semiscale
The informal name of a scale model of a nuclear reactor operated at INEEL. The core
simulated the heat of a nuclear reaction by electrical means and was used to study the
behavior of water and steam in accidents involving the loss-of-coolant caused by a break in a
coolant system.

scram
The sudden shutdown of the nuclear reaction in a reactor, typically caused by rapid insertion
of control/safety rods, when a dangerous or undesirable condition occurs.

shielding
Any material or obstruction that absorbs (or attenuates) radiation to protect personnel or
materials from radiation.
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Sievert (Sv)
The Sl unit for dose equivalent (1 Sv = 100 rem).

skin dose
Absorbed dose at a tissue depth of 7 mg cm™? ~ 0.07 mm in tissue.

spent nuclear fuel
Reactor fuel containing fission and activation products that can no longer economically sustain
a chain reaction.

spent fuel storage basin
A pool or pit made of reinforced concrete containing water and used to store spent nuclear
fuel. The water acts as shielding and as a coolant.

thermoluminescence
Property of a material resulting in light emission caused from excitation from heat.

thermoluminescent dosimeter (TLD)
A device containing solid chips of material that when heated release the stored energy as light.
The measurement of this light provides a measurement of absorbed dose.

transuranic (TRU) waste
Contaminated waste materials with nuclides having an atomic number greater than 92, a half-
life over 20 years and concentration greater than or equal to 100 nCi gram™.

TRIGA
An acronym for a type of training research reactor built by General Atomics.

tritium
A radioactive isotope of hydrogen having one proton and two neutrons. Tritium gas is
produced in nuclear reactors and used to boost the explosive power of most modern nuclear
weapons. It is also a constituent of irradiated water associated with reactor operations.

uranium-235
A fissionable uranium isotope enriched for use as a fuel in nuclear reactors.

uranium-238
The most common uranium isotope, typically nonfissioning; can be irradiated in a reactor and
transformed to plutonium for use as fuel.

uranium oxide
A metallic compound of uranium and oxygen useful as nuclear fuel because it has a higher
melting point than metallic uranium. However, its heat transfer properties are not as efficient
as those of metallic uranium.

water-moderated reactor
A reactor concept designed so that water slows down the speed of neutrons from fissioning
atoms.

waste storage tank
A holding tank for liquid or gaseous wastes which might or might not be radioactive.
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whole-body dose

Commonly defined as the absorbed dose at a tissue depth of 1.0 cm (1000 mg/cm?); used to
refer to the recorded dose.

X-ray
lonizing electromagnetic radiation of external nuclear origin with energies les than 250 keV or
a radiograph.

zirconium

A metallic element highly resistant to corrosion and often used to make cladding for nuclear
fuel. It is sometimes alloyed in small amounts in the fuel itself.

Zero power

Also called low power; operating a reactor to maintain a chain reaction at an extremely low
power level producing very little heat. Zero power reactors are used as sensitive laboratory
tools to pretest experimental loadings of test reactors and for other analytical purposes.
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FOREWORD

On January 3, 1961, an accident, fatal to three persons, occurred
at the SL—1 reactor, National Reactor Testing Station in Idaho. This
was the first fatal power reactor accident in the United States.

The day following the accident, a special board was convened by
the General Manager of the Atomic Energy Commission to investigate
and report on the accident. This print contains the report of that
board and related correspondence.

The Joint Committee has prepared this document as a preprint for
the forthcoming hearings on ‘“Radiation Safety and Regulation” to
be held by the committee between June 12-15, 1961. The committee
has withheld a hearing on this accident until the Commission had an
opportunity to fully investigate and make its report.

It is my hope that in the course of these hearings, now almost 6
months removed from the date of the incident, the committee may be
able to objectively evaluate all the information gathered in the interim
and extract those lessons which may be learned from this unfortunate
occurrence so that similar tragedy may be avoided in the future.

) ) Cuer HovLrrigLp,
Chairman, Joint Commiltee on Atomic Energy.
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U.S. Aromic EneEray CoMMISSION,
Washington, D.C., June 5, 1961,
Hon. Cusr HovriFigLp,
Chairman, Joint Commaitee on Atomic Energy,
Congress of the United States.

Dear M. HourrieLp: I am submitting herewith the SL-1 Investi-
gation Board’s report, copies of which were provided to the Joint
Committee staff & few days ago on an informal basis. We had planned
to release this report in conjunction with a statement by the Com-
mission on the SL-1 incident. However, the latter document is not

et in final form and in view of your preparations for the forthcoming

earings on ‘“Radiation Safety and Regulation,” the Commission
believes it will be useful for you to have the Board’s report in advance
of the Commission’s statement. I am also enclosing a copy of a
memorandum to me from Mr, Curtis Nelson, Chairman of the Investi-
gation Board, in which he makes some additional comments regarding
possible causes of and responsibility for the incident.

The Investigation Board report represents the ]udgment of the
Board. The Commission’s statement reflecting its own views
regarding the circumstances surrounding the SL-1 incident will be
available by the time your hearings begin on June 12.

Sincerely yours,
A. R. LuEDECKE,
General Manager.

May 10, 1961.
To: A. R. Luedecke, General Manager.
From: Curtis A. Nelson, Chairman, SL—1 Board of Investigation.
Subject: Report of the Board of Investigation.

We are transmitting the enclosed report of the Board, based on
information received through May 1, 1961. It appears approprmte
to report at this time, in that further significant mformation must
come from the reactor itself and will be received only after the difficult
disassembly operation.

We wish to respond to your desires for prompt and complete infor-
mation concerning the SL—1 incident within the limitations of present
knowledge. We cannot say, however, with any certainty, what
initiated the SL-1 explosion, and it is possible that we may never
know. It is also possible, although it seems unlikely, that there will
be discovered evidence of a cause not yet considered.

Although we cannot assign the cause or the responsibility for the
explosion to any known or unknown act or condition preceding the
incident, it'is the judgment of the Board that, before the incident
occurred, the condition of the reactor core and the reactor control
system had deteriorated to such an extent that a prudent operator

v
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would not have allowed operation of the reactor to continue without
a thorough analysis and review, and subsequent appropriate correc-
tive action, with respect to the possible consequences or hazards
resulting from the known deficiencies. We believe that such review
and action should have resulted in modifications to design, adminis-
tration, and operation sufficient to insure that there was no potential
hazard greater than contemplated in the original hazards report and
review, before reactor operation was resumed. '
The rest of our present discussion is in the light of this judgment.

1. Cause of the incident

We do not rule out the possibility of a nonnuclear event which sub-
sequently caused a nuclear excursion although no evidence to support
such a hypothesis has been discovered. Postulation that a nuclear
excursion initiated the explosion appears more credible, and it is not
inconsistent with the available evidence. The postulation of any
other mechanism, including hydrogen explosion, sabotage, or any-
thing else, is not supported by any known evidence, and would appear
to have been an unlikely coincidence with the operation in progress,
in any event.

In relating the condition of the reactor to the cause of the incident,
a major consideration is that a nuclear excursion of the magnitude
indicated could not have occurred without a change in reactivity of
about 1 or 2 percent, at a rate of 2 to 4 percent per second after hav-
ing achieved delayed criticality Even if the shutdown margin of
reactivity had been zero, at the time the incident occurred, it appears
that such a change of reactivity could have occurred only as the re-
sult of some abrupt structural failure in the reactor, or by an unusual
movement of the central control rod. It seems extremely improbable
that the required motion of the central control rod (a distance greater
than approximately 20 inches, and at rate close to the maximum
humanly possible, under the circumstances) could have occurred ac-
cidently, unless the rod had been stuck in the shroud and became free
while one or more operators were exerting a large upward force on it.
While there is no direct evidence that this occurred, the necessary
conditions and actions appear, at the present time, to be less implau-
sible than those required for any other hypothesis that has been
suggested.

To a large extent the plausibility of the suggested hypothesis de-
pends upon the extent to which there is evidence of sticking of control
rods, particularly the central rod, within the shrouds. We note that
there were a large number of occasions on which control blades did
not move freely either in or out. We have heard testimony that the
central rod naver gave trouble (although there is at least one recorded
case, shortly before the incident, when the central rod did not fall
freely when called upon to scram). We also have heard testimony
predominantly to the effect that sticking of control rods was due to
malfunction of the seals. A chief operator, with a mechanics speci-
ality, testified that he believed that clearances in the shroud had
decreased—causing sticking of the blades in the shrouds (his obser-
vations were backed up primarily by the experience he had with the
dummy aluminum control rod that was inserted successfully in shroud
N1 0;14) only after several inches had been cut off the bottom of the
blade).
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Whether or not the incident was initiated by an operator trying to
withdraw the central rod, while stuck in the shroud, the hypothesis is
useful in discussing the relationships among the various factors which
could have, but may not have, contributed to the accident.

(@) Reactivity gain from loss of boron.—As indicated above, a large
increase in reactivity above delayed criticality, in a short time, would
have been required to produce the indicated nuclear incident. If
there had been a larger shutdown margin of reactivity (less mechanical
loss of boron), the total distance through which the central control rod
would have had to be moved would be correspondingly greater. It is
conceivable that the actual rod displacement would have been inade-
quate in magnitude or rate to produce the excursion, under these
conditions.

(b) Sticking of control rods.—The emphasis in the testimony of diffi-
culty with rod sticking only because of seal difficulties would seem to
argue that rod sticking was unrelated to the hypothesis under discus-
sion. It is not unlikely, however, that if the rods were beginning to
stick in the shrouds immediately before the shutdown on December 23,
1960, the fact that sticking because of seal difficulties was an old and
familiar problem might have been responsible for failure to recognize -
this later development or to bring it to the attention of higher
supervision,

(¢) Bowing of boron strips.—It was well known that the boron strips
bowed excessively between tack welds along the outside surfaces of the
fuel elements. It was also well known that it was extremely difficult
to remove, manually, the central fuel elements. It appears not un-
likely that the bowing of the strips caused lateral pressure to be
exerted on the fuel elements, and consequently especially where full
and half strips were both present, there may have been lateral pres-
sure on the shrouds, which decreased the clearance between the
control rod and the inner walls of the shroud. .

(d) Design and procedure—The hypothesized incident could not
have occurred if the amount of withdrawal of the rate of withdrawal
of the central control rod had been positively limited by mechanical
restraint or by operational procedure.

(e) Administrative controls and technical review independent of the
operational organization.—The following observations are made,
again in relation to the hypothesized incident, as factors which could
have contributed to the incident:

(1) Routine technical audit, by persons independent of the
operating organization, of routine operations might have led to
a more conservative course of action, with detailed knowledge of
the nature, extent, and possible implications of the several known
deficiencies.

(2) A specific procedure for the actual operation of assembly
and disassembly of the control rod drives, containing clear
warning and explanation of the possible hazard associated with
lifting the rod (rather than only the mechanical steps contained
in the training procedure), might have reduced the magnitude or
rate of displacement of the central rod during reassembly suffi-
ciently to prevent the occurrence of the incident.

(3) If manipulation of the control rods, during assembly and
dissembly, with the reactor- shutdown, had not been considered
a routine job, even though it involved a substantial movement





VIII LETTER OF TRANSMITTAL

of the control blades with respect to the core, added supervision
might have been present and, conceivably, could have influenced
the course of events in such a way as to prevent the incident.

(4) If nuclear instrumentation were left on at all times, and
if audible response was present in the reactor room during the
rod reassembly, it is conceivable that indications of increasing
reactivity and power level might have been recognized in time to
prevent the incident, by limitation of the rate or magnitude of
the displacement of the central rod.

(56) Had an operator been present in the control room, and
observing the nuclear instrumentation, it is conceivable that indi-
cations of reactivity or power level increase during manipulation
of the control rods during assembly and disassembly would have
been such that he could have advised those in the reactor room of
abnormal response, thereby preventing inappropriate displace-
ment of the central control rod.

(6) The formal recommendation of a report on the loss of boron
from the reactor core, after intensive review of the problem, was
to terminate a previously established inspection routine of the
fuel elements and to continue to operate the reactor. It is con-
ceivable that continued inspection of the fuel elements could have
led to additional knowledge which would have affected the deci-
sion to continue to operate, and if the report had recommended
no further operation, the accident would have been prevented.

(7) The training and ability of the operating organization
appears not to have been entirely adequate, since substandard
conditions were allowed to develop in the reactor and its com-
ponents and yet, reactor operation was allowed to continue.
The complexity of the chain of command for the SL-1 may ex-
plain, in part, the lack of effectiveness of the existing organization
in communicating with higher levels of supervision regarding
these substandard conditions. For example, the role of the mih-
tary cadre was limited, in operation of the plant, in that the cadre,
while adequately trained to perform the routine shift duties in-
volved in operating the reactor, was not, by itself, trained in
reactor physics and nuclear safety to the high level of experience
and ability normally associated with a reactor plant operating
force. It is conceivable that since the high level supervision was
supplied by a different part of the operating organization (the
contractor’s personnel) that circumstances developed where
both parts together were less effective than a single organization
would have been, and that as a result, insufficient knowledge of
one kind or another was transmitted to appropriate personnel.

2. Responsibility for the incident

Knowledge of all of the factors listed above existed within the
contractor’s organization and within the operating arm of the AEC.
If the explosion occurred as a result of the hypothesized incident,
responsibility cannot be limited to any one person or group of persons.

The immediate responsibility for the SL~-1 incident, stilY in the light
of the foregoing discussion, was that of the contractor, in that the
contractor was on-site and had immediate responsibility for all reactor
operations. (We specifically absolve the military cadre, as such,
from any responsibility. Individuals of the cadre had responsibility,
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within the limited role played by the cadre, insofar as they acted
functionally as a part of the contractor’s organization. There is no
evidence, however, to show whether actions by individuals of the
cadre were or were not related to the cause of the incident.)

Responsibility for the performance of the contractor is that of the
contracting officer (and his organization) who administer the con-
tract, 1.e., the AEC Idaho Operations Office Manager and his staff.
To the extent that the performance of the contractor was a factor
contributing to the incident, the Operations Office Manager shares
responsibility for the incident. Responsibility for appraising the per-
formance of the contractor is assigned to the Operations Office by
manual chapter 0701, and further delegated within the Operations
Office by local issuances.

Responsibility for appraisal of the performance of the Idaho Oper-
ations Office, including functions assigned related to reactor safety,
is that of the Division of Reactor Development. To the extent that
the performance of the Operations Office may have been a factor
contributing to the incident, the Director, Division of Reactor De-
velopment, shares responsibility for the incident.

Responsibility for ascertaining whether appropriate appraisals are
being madé by the headquarters divisions and operations offices is
assigned to the Division of Inspection.

The Assistant General Manager for Research and Industrial De-
velopment is responsible for the performance of the operating divisions
reporting to him, and finally the General Manager is responsible for
the performance of the staff. (After the initial design review, the
Licensing and Regulation Division and the Advisory Committee on
Reactor Safeguards had no further assigned responsibility for review
of this reactor. Under manual chapter 8401, the Operations Office
did have a responsibility to get review from the Division of Licensing
and Regulation if any significant change in design or operation took
place. The operations office, in the latter half of 1960, did turn down
a proposal to raise the operating power level from 3 MWT to 8.5
MWT on the basis that the increased power level would present an
unacceptable hazard, in terms of radiation levels during routine oper-
ation, but did accept a proposal to operate at power levels up to 4.7
MWT, in that such operation did not constitute a significant change.)

There appears to have been some lack of clear definition of assign-
ments, within the AEC, of responsibility for insuring continuing
reactor safety appraisals and inspections, for insuring appropriate
promulgation of written standards and policies, for providing adequate
technical capabilities and for determining the requirements, including
the most simple and direct organizational lines, for both routine and
nonroutine communications. It is conceivable that clearer definition
of these aspects of AEC staff responsibilities might also have prevented
the SL~1 incident.

8. Corrective action to minimize or preclude similar incidents

The Board is convinced that there were a number of deficiencies
related to the SL—1 reactor, which may or may not have had any
relation to the direct cause of the incident, but correction of any one of
which might actually have prevented its occurrence. We have
discussed these in our report and in this transmittal letter. The
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deficiencies or the measures taken to correct them may be classified
as items of —

(@) Design, test, and operation.

(6) Organization, training, and administration,

(¢} Procedures, policies, and standards.

We believe it would be inappropriate for the Board to make specific
. recommendations for AEC action on any of these individual items.
Rather, we would suggest that appropriate action be planned by the
staff of the General Manager and the staff of the Acting Director of
Regulation to develop proposals for specific measures related to
specific areas of the classifications listed.

The Board wishes to comment also on actions occurring after the
SL1 incident. We believe, first, that the performance of the con-
tractor’s organization during the initial recovery phase of operations
was exemplary.

Second, we suggest that performance of the Board of Investigation,
itself, might have been improved had its organization and assignment,
been specifically preestablished and described by appropriate AEC
procedure.

Third, we suggest that the effectiveness of the Operations Office
in conducting recovery and investigatory operations may have been
impaired by the early presence of so many outside personnel. It is
noted that within 24 hours of the incident there were present an
AEC Commissioner, the General Manager, the Director of the Oper-
ating Division and several other members of the Division, the Board
of Investigation and its consultants and advisers, representatives
from several other AEC sites and several other Federal agencies, and
the press.

Fourth, we suggest that the recovery operation and the investiga-
tory actions might have been more effective, and more expeditiously
carried out had the emergency planning been more extensive. As ex-
amples of what might have been improvements, we list the following:

(a) Appropriate choice and placement of suitablesincident moni-
tors (in addition to the one present) might have clearly indicated very
soon after the incident the nature and extent of the incident.

(d) Clearly assigned, and continuing responsibilities of a ‘“‘disaster
team’’ might have improved the execution of early attempts to obtain
significant data concerning short-lived activities of various samples.

We mention these examples not to criticize actions at SL-1, but to
indicate the value of preplanning in understanding and coping with a
similar incident in the future.
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1. SUMMARY

A. Bature of Report

Thie report by the Board of Investigation is in response to
the request of the General Manager of the Atomic Energy Commiszion
to report on the SL-1 reactor incident. At the time of this writing
(May, 1961), there still remains substential doubt concerning the
initiating event causing the explosion within the reastor pressure
vessel. The Board, therefore, feels constrained to restrict its
observations concerning cause and reeponsibility to observable or
demonstrable situations and events.

With this redervation, we preseant our findings at this
time.

This report summarizes the current information before
the Board pertaining to the circumstances surrounding the explosion
on January 3, 1961, within the reactor vessel of the S8L-1 (ALFR)
resctor plent. Prior to the incident, there appear to have been
& continuing deterioration of the burneble poison strips within
the core and & worsening of the scram performance of the control
rod system, neither of which circumstances necessarily was directly
related to the ﬁacident. The evidence strongly indicates a nuclear
incident of 50 megawatt-seconds, or more, which could credibly have
been induced by rapid and extensive motion of the central control
rod. There 18 no evidence to show that the actions of the opera-
tors on duty were in any way different than those prescribed and

vhich had been carried out without incident many times before.
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2. _INTRODUCTION

A. Constitution of the Board

The General Manager, Mr. A. R. Luedecke, appointed a Board
of Investigation on January b, 1961, to investigate and report on
the SL-1 reactor ifcident which occurred on January 3, 1961, at
the National Reactor Testing Station (NRTS) in Idaho. -]-'/

The Board first met during the evening of Januasry b, 1961,
and has continmued to pérform its functions since that time. Its
principal method of gathering information haes been through the
testimony of witnesses Wwho appeared before tﬁe Board. g/ The
Idsho Operations Office, AEC, through its own staff, its Technical
Advisory Committee, and its operating contractor, Combustion
Engineering, Inc., has been the prime source of information and
assistance to the Board. 2’/ The Board received additional technical
advice and assistance from several observers who attended some of
the sessions during which witnesses were interviewed. y

B. The SL-1 Reactor

The reactor is a direct-cycle, boiling water reactor
designed to operate at 3 MWt gross capacity. The electric power
and process heat were dumped to the atmosphere through load banks
and heat exchangers, respectively. The reactor is fueled with
enriched uranium pletes clsd in aluminum, moderated and cooled
with light water in natural circulation.

The reactor vessel is 4.5 feet in diameter and 1k4.5 feet
high. It 1s surrounded by gravel on the sides and is supported

on a concrete pad resting on lava. The following equipment and

-2 -
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components are located within the large milo-like structure: the
reactor vessel, turbine-generator, heat exchanger and other water-
hendling components, air cooled condenser &nd fans and miscellaneous
control equipment. The reactor control room is 1ocai;ed in the

ad jacent support-facilities building. The reactor bullding was

not designed as a leak-tight containment structure. é/

At 3 MWt power lével, & saturated steam flow of 9000 pounds
per hour was generated in the pressure vessel at 300 psig and 420
degrees F. About 85 percent of the steam was used to generate
electricity. Fifteen percent of the steam by-passed the turbine
into a heat exchanger, which sitmilated a space-heat load. ) The
air-cooled condenser was used to reduce the requirement for water
during plant operation.

A reference reactor core array of 40 fuel assemblies was
designed. Chamnels were provided for a total of nine control rods:
five 111% inch span cross rods and four T-shaped rods. In each rod,
the cadmium absorbing section was 3% inches long, and with the rods
positioned at indicated zero withdrawal, the cadmiwn overlapped the
bottom and top of the active core by several inches. It was antiei-
pated thet the T-shaped rods would not be used in the reference
3 MWt core of 40 fuel assemblies, but that it might be desirabdle
to use them in a full-size 59-assembly core. {¥The testimony
indicates that the Argonne National Laboratory (ANL) was directed
to develop a simple, small core and reactor system, but that to
providé for flexibility and possible increased performance demands,

the extra fuel and control positions were included in ANL's design.)

-3 -
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Originally, 1t had been intended to disperse a burnable poison,
egsentially in the form of boron, fully enriched in boron-10,
in the fuel matrix. Because of developmental problems, not
necessarily related to the boron in the fuel matrix, it was
finally decided to expedite procurement of fuel assemblies by
omission of boron from the fuel matrix. The neutron absorber
vas introduced in the form of thin; flat plates, welded to one
or both side plates of the fuel assemblies, as had been done in
the Borax III experiment. The full length burnable poison
strips, fabricated of X-8001 aluminum and highly enriched boron,
were positioned in the core so as not to be adjacent to control
rod channels, Additional half-length strips were also attached
to the bottom half of the opposite side plate of the 16 fuel
assemblies in the center of the core.

3. ADMINISTRATION OF THE REACTOR. PROJECT

A. General
The SL-1 reactor, originally designated the Argonne Low

- Power Reactor (ALFR), was designed as a prototype of a low-power,
boiling-water reactor plant to be used in geographically remote
locations. A request for such a plant to be built by the AEC

was made by the Department of Defense in & letter dated

September 27, 1955. The development and ‘final design of the

plant were assigned by the Division of Reactor Developument, AEC,

to the Argonne National Laboratory,; to achieve an early operational
version of this type of plant. é/ Pioneer Service snd Engineering

Company was the architect-engineer and the construction was started

-k -
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by the Pegles Construction Company in July 1957. The deeign and
proposed operation of the reactor -7/ ’-8/ vere reviewed in February
1958 by the Hazards Evaluation Branch of the AEC's Division of
Licensing and Regulation and also by the Advisory Committee on
Reactor Safeguards. Approval was given by both of these groups
for operation of the plant, as designed, at power levels up to

3 MWt. The AEC staff report stated "when higher power-level
operation is contemplated, & report of additional hazards and
consequences of operation at this new power level should be
submitted together with a report of the operating experience

at the 3 MW level."

B. Argonne National Laboratory

Argonne's role, under contract with the Division of
Reactor Development, included the design, test and initial
operation of the reactor plant. \This work was carried out be-
tween 1955 and February 1959. Initial critical operation took
place on August 11, 1958, and test operations culminated in a
500 hour run which terminated in December, 1958. Argonne's
official role ended on February 5, 1959, when Combustion
Engineering, Inc., assumed contractusl responsibility for the
plant. While Argonne has had no official responsibility since
this time, its employees have, on several occasions, visited the
reactor site to observe fuel inspection or have otherwise reviewed
plant performance.

C. Combustion Engineering, Inc.

Combustion Engineering, Inec. (CEI) was not involved in

the design, construction, or initial operation of the SL-1

-5«
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reactor. CEI was involved with later operation of the reactor,
in modifications to the reactor facility, and the continuation
of training of military persomnel. Military personnel have been
on the site since 1958 for on-the-job training. Combustion
Engineering personnel have been on the site since December, 1958.
The contract between CEI and the AEC is for the term between
December 1%, 1958 and September 30, 1962. s It is a cost-plus-
a-fixed-fee contract for operation of the reactor and for the
performance of research and development work at CEI‘s plant in
Hindso;, Conﬁecticut. The cor;tract contains & standard AEC
clause concerning Safety, Health and Fire Protection.

This contract is administered by the Idaho Operations
Office, AEC, with the day-to-day administration being carried
out by the Military Reactors Division of that office.

CEI was responsible for the actual operation of the SL-1
reactor, for the routine training of military personnel end for
developuental research programs.

The Contractor provided at the site a Project Manager,
Opersations Supervisor, a Test Supervisor and & technical staff
of approximately six personne;l,. In recent months, the Project
Menager spent approximately half time “x'g; the site and half time
at the confractor's office in Connecticut. In his absence;, either
the Operations Supervisor or the Test Supervisor was assigned as
the Project Manager. E-/

It was recognized that this situation was a temporary one,

in that it wes contempiasted that & full-time;, resident project

-6 -
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manager would be assigned by CEI to the SL-1 plant. In dis-
cussion of the candidates for this position, and the necessery
qualifications of a candidate, there was considered the exist-
ing arrengement whereby military personnel were not directly
supervised (by personal, direct observation) during routine
plant operstion. Since early plans for operation of the SL-1
did not include any plans for any significent development work,
the general plan for operation of the SL-1 was to utilize a
military staff, comparable to that to be provided for a remote
site, ‘for the actual operation of the plant, with on-site
supervision above the level of the plant superintendent, and
general supervision assigned to the contractor. Because of

the vacant position and because of the recent addition of some
developdent work with the SL-1 plant (including the ‘PL-l con-
denser test, which required operation at higher power), the

CEI "part-time project manager" wrote a letter to the AEC
Contracting Officer's Representative, dated November 29, 1960,
requesting written confirmation of the oral agreement that CEI
shift supervisors were not required for routine supervision of
plant operation during the night shifts. It was understood, &s
indicated by testimony before the Board, that CEI would provide
supervision on any shifts when non-routine work was carried out.
Further, the operating staff was encouraged to - and frequently
did - contact off-duty CEI supervisors if any unususl events or
unforeseen circumstances arose when CEI supervision was not

present. Testimony before the Board indicated that such an oral

-7 -
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agreement did exist (although the letter had not been answered

at the time of the incident) and that CEI did not belleve there
vas any specific need for this supervision, from a safety stend-
point, but that the broadened scope of the developmentel program
with the SL-1 plant sugfested reconsideration of this working
arrangement, including safety aspects. CEI did suggest that
there was enough developmental work on site that CEI super-
vision might be regularly assigned. Agreement not to do this
reflected an AEC decision not to push forward the developmental
program with high priority. The testlmonial record also indicates
that the AEC's Idaho Office and the Army Reactors Office clearly
believed that addition of night supervisors# when only routine
work wes involved would defeat a part of the purpose of operating
the reactor under the existing arrangement; i.e., to obtain plant
operating experience with only militery personnel.

A complete technical review of the reactor and its proposed
operstion wes made in February 1959, when Combustion Engineering, Inc.
became the Contractor, by a Nuclear Safety Committee composed of
persomnel from the Comnecticut offices of Combustion Engineering.
It appears that no other such review or appraisal of the safety
of reactor operation has been made since that time by the Com-
bustion Engineering, Inc. Reactor oper‘a.ting ‘procedures, com-
pletely satisfactory to the AEC, have never been completed by
Combustion Engineering, Inc., although they have been in the

process of preparation and revision since mid-1959.
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A reactor safety committee existed at the plant site.

Its members included the CEI Operations Supervisor, the Test
Supervisor, the Health Physicist and the Assistant Operations
Supervisor. The Test Supervisor testified that the committee
reviewed proposed test procedures and new operating procedures,
but did not routinely review reactor operating experience or
procedures unless specific problems were brought to it. They
did not meke any overall comprehensive safety review of opera-
tions.

The proposed plans for operation of the SL-1; and the
procedures for such operation, were subject to review and ap-
proval by the Director, Military Reactors Division; ID. The
Contractor has routinely and consistently forwarded reports of
reactor operations, including malfunction reporte, to the
Military Reactors Division. The Director of this Division, and
more often the SL-1 Project Engineer on his staff, made frequent
visits to the facility.

Regular written reports of reactor operations were for-
warded to the Army Reactors Office, Division of Reactor Develop-
ment, Hq. _Periodic\ appralsals, through visits to the faeility,
of the safety of the SL-1 p¥ant by members of the ID staff, did
not include inspection of the nuclear safety of reactor operations.
Trip reports by members of the Army Reactors Offiee, Headquarters,
especially during early operaticn of the plant, did include specifiec
comments and recommendations concerning the operating procedures

and a number of facility components at that time. ]—'lj Quarterly

-
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review meetings, which dealt with reactor operational experience
as well as progra.mat:lé plans, were attended by Army Reactors
Office personnel as well as the ID personnel.

During a general Beadquarters app:aisal of ID contract
administration, in 1959, assurances of ID reactor safety
surveillance, including the SL-1 reactor, were obtgined. Inde-
pendent, validating review, by the Headquarters staff, of the
ID reactor safety review system was not performed. There does
not appear {-.o have been & clearly defined requirement for this
type of appraisal.

D. Department of Defense

Although the SL-1 reactor was a part of the program of
the Army Reactors Branch, Division of Reactdor Development, AEC,
for the development of water reactors for military applications,
the Department of Defense did not have the responsibility for
this reactor; either under licsmse or as a result of transfer
of the reactor from the AEC according to the provisions of
section 91b of the Atomic Energy Act. Military personnel at
the site were elther in training or a part of the cadre operating
the reactor under the general supervision of Combustion Enginear-
ing, Inc. The plant superintendent; the chief operators (who
. also were shift supervisors), the qualified operators and
trainees were military personnel who operated the plant around
the clock according to the procedures and policies provided by

the contractor.

- 10 -
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E. Atomic Energy Commission

Within the AEC the line of mansgement responsibility for

the SL-1 project is from the General Manager to the Assistant

General Manager for Research and Industrial Development, to the

Director, Division of Reactor Development, to the Manager; Idaho

Operations Office (ID), to the Military Reactors Division, ID.
Details concerning the definition and delegation of responsi-
bility are given in Amnex G.

At the Idaho Operations Office, the Diregtor of the
former Division of Military Reactors administered the CEI con-
tract. A reactor engineer on his steff served as project
officer for the SL-1 reactor.

Responsibility for safety of reactor operations was
shared by each level of the line organization according to its
function. Detailed delegation of this responsibility is not
spelled out, although Manual Chapter 8401 does assign to the
Operations Managers, and others, broad responsibility :or
assuring safety of reactor operations for those reactors under
their contractual jurisdietion. (Evaluation of the hazards of
specific reactor designs or operational progrems by the staff
of the Divieion of lLicensing and Regulation (DLR) i1s not re-
quired, except as the Director of the Operating Division may
specifically request. For new facilities, the Operating
Division Diregtor usually requests review by DLR before opera-
tion, although this is not required and there 1s no subseguent
follow-up at the initiative of DIR. It is similerly not

required that the Division Director get DLR review of later

-1 -
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changes in a facility. This later review is often requested,
but not as regularly as for new facilities. Later review was
not requested for the SL-1l. Inspection of reactor operations
by the Division of Compliance is not recpzirgd, but may be re-
quested. Safety review and inspection by the AEC staff are
required for all liceni:ed. reactors and for certain AEC-owned
reactors.) ‘ .

One area of apparent ambiguity concerning responsibility
involved the Army Reactors Branch of the AEC., There was no
functional statement (AEC Manual Chapter) for this oi'ga.niza-
tion; but & description of the duties of the Assistant Director
for Army Reactors (approved by the General Msnager on August 31,
1959), appearing on the organization?l chart, states that the
Agsistant Director for Army Reactors "Flans and directs the
joint AEC-DOD programs for the development of nuclear power
systems to meet DOD requiremente other than for naval vessel
propulsion and for air and space vehicle aspplications," and
that the Water Systems Project Branch "provides central
management and technical supervision of the development, con-
struction and operation of water systems reactors and plant
prototypes. Provides direct supervision of work through
Pro.jec’t Engingers ; assigned individually by project, responsible
for project management and comtinuous review and evaluation of
contractor performance and project progress. Prepares and
maintaine schedules;, estimates, budgets, plans, correspondence,

scope of work; and technicald and operating data on all Branch
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projects. Assures the resolution of all technical problems
that arise during the design, construction; testing, and opera-
tion of Branch Reactor. projects."
- The Army Reactors Branch also has a separate line

responsibility under the Chief, Corps of Engineers, USA,
for the Army reactor program, including, for example, the
responsibility for the training program for military personnel
and also the responsibility for the direction of a research
end development program leading to the use of nuclear power
plants at remote sites. Testimony from members of this office
indicated understanding of the actual responsibility as
follows: The Deputy Assistant Director fdr Army Reactors
states "It is clearly understood c...... that we of the
Army Reactors were not authorized; ia our own neme; as such,
to direct changes to the contraet or to direct operations,
give direction to the Idaho Operations." The Assistant
Director, in a prepared statement, states, "As a staff
mem‘l;er, I am charged with responsibility for planning,
observing, advisiog, appraising and recommending, but
I have no direct authority over the operations of sub-
ordinate offices of the Division; nor can I give orders to
officials in such subordinate offices".,

Review by the Hazards Evaluation Branch of the Division
of Licensing and Regulation was requested prior to operation,
but not subsequently. Review of the SL-1 project by the AEC's

Advisory Committee on Reactor Safeguards was not required; but;

- 13 -

13





.
14 SL—1 ACCIDENT INVESTIGATION BOARD'S REPORT

on one occasion was requested by the Division of Licensing and
Regulation p;ior to start-up of the reactor but not subsequently.
Testimony indicated that Army Reactors personnel believed that
requests for such reviews should be initiated by the field
office. No requests for independent review were made after _
initial operation. (The testimony indicates that the 1os's

of boron was well known within the Division of Reactor Develop-
ment at AEC Headquarters, although it was not categorized as

& serious condition in the reporis transmitted to Headquarters.
The d;l.ff:l.culties with operation of the control rods appears
not 40 have been known at Headquarters, and very little
knowledge of the extent of the difficulty was known by the

AEC steff at ID.)
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k. OPERATING HISTORY OF REACTOR

A. General
The SL-1 achieved criticality on August 11, 1958, with ten
_fuel elements containing & total of 3.5 kg of U-235. There followed
..a-geries of critical experiments performed. in the reactor, with
.. and without poison strips, to determine the optimum fuel and poison
. .léading .to.achieve the design oh.;ectines.g
As a result of these critical experiments, a core was
.chosen with 40 fuel elements, forty full length and sixteen bhalf
length boron strips and five control rods. (Critical experiments
vere also. per:fomed on a full 59 element core that would have bhad
. higher power capability, but the design of such a core probably
-sould. -have called for .a different U-235 loading. ) . The differential
....and . integral worth of the five control roda».vereu‘obtained a8 &
. .function of rod insertion into the core. Flux plots were pade of
.~the hot, zero power 40 and 59 element cores by use of irradiated
..gold and . copper wires.
On October 2k, 1958, the SL-1 achieved its full power
rating of electricity and space heat. During October 29 - 30, 1958,
a. b0-bour xenon run vas made. The SL-1 was then shut down and 8
-hours. later the reactor was brought to full pover overridipg pesak
. xenon. . There.followed & 500 hour run at full power. The 500 hour
zun continued uantil December-ll, 1958. The reactor was opersted at
a power level of 3 MW(th) up to November 1960. ~The plant. remained
shut down until March 6, 1959, for maintenance and inspection and
for preparation of operating procedures and menuals. The Army

Reactors Branch at this time stated that the procedures and manusls
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-~turned over.to CEI by ARL were.not.satisfactory for use by CEI.
.CEl was requested to prepare revised msterial. m..qarm sub-
~mitted by CEI wes. accepted.ss.a basis for the atart of yeactor
_.operations, but CEI was to. further develop .and modify.the operating
-..manuals and procedures after obtaining actual oper&tiné experience.
Initisl test operation by CEI, for the Windsor Nuclear Safety
_.Comaittee, tock place on.March 6, and cold critical experiments
. --began.on March 30, 1959. The SL-1 wes turned over to Combustion
Engineering, Inc., for operation in February 1959.
- A 1000 howr sustained power run was concluded in July
- 1959, and the plant then remeined shut down for sbout & month
for maintenance, modification and inspection.l—3/
Important shut-downs occurred in August, 1959, January,
1960, November, 1960, and December 23, 1960, to permit maintenance
and inspection. Fuel elements were first removed from the core
during September, 1959, and inspected by CEIL and ANL personnel.
Subsequent inspections tock place im October, 1959,
August, 1960, and November, 1960. Initial discovery of the
bowing of the boron strips, in the three inch sections between
tack welds, was made in 1959. During the August, 1960, inspection
it was observed that large amounts of the boron strips were
misgsing from some fuel elements and the fuel elements in the
center of the core were extremely difficult to remove, by hand.
Removal caused plates to fall off and flaking of material. A
considersble number of flakes were collected from the bottom of
the vessel. As a result of these circumstances, it was felt that
further removal of fuel elements might cause further loss of boron,
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so that.me further imspections were conducted.. It was agted
.during -the -second.periodic imspection.in.August, 1959, .that the
B. Reactivity Changes .
.. The design goal fer the SL-1 reactor core wes eperation
at deaign pover level (allewing for mormal-outage) for a-period
of three years. The beron strips were imcerporated im the cpre design
to serve as-& burneble peison, the depletion of which weuld cempen-
s&temm burning ef. fuel. .Ideally, such an srrangement would
1ead to.5-constent Teactivity value for the core (st eperating

-cenditions), which weuld be manifested by a nearly censtant positien

. of:l:hehnkgdcnntml rods.. The calculated reactivity bebavier,
in terms of banked rod position, vs. core. exposure is given in

... Figure l. . Alse.pletted are the observed rod-.posiu.ena as a functien

..-of .exposure... By 500 MWD, i.e., by May, 1960, it appeared.that the

. ..core.¥ui. gaining reactivity fagter than predicted. Is August, 1960,

,,,,, routine inspection. ef gelected fuel elements revealed the extensive

. Matb.ro;. . The large rate of gain. of reactivity was ascribed

Of _grester .ll.tet.yJigniticnce‘.(umcppcsed.t;.intere‘st in

. the core lifetime ouly), the greater rate of reactivity gaims, and,

. in.fait, the larger ememnt of reactivity gainm, reduced the cape-
bility of the contrel reds te render the core subcritical (decreased
the reactivity shut-down ﬁrsu). Figure 2 indicates, as a fumctien
of core exfosure, the banked rod pesition for different eperating
conditions. From these data, and fron estimates of the werth of

the control rods, estimates of the shut-down margin were made.
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- Becsuse -of the reduced- shut~down margin, resulting from the boron
1088, 8trips of cadmium were inserted in two of the T-rod control
. .-shrouds. on. November 11, .1960. The banked rod position, with the
- reactor. cold, was determined at an exposure of T1ll MWD, but mot
thereafte.r., The last part of the curve for the cold condition is
.-an.assuwption of cold reactivity behavior, based on the observed
- behavior of the banked rods during equilibrium operation at
2.,56m. Thus, the effect of the cadmivm at 2.56 MWT was observed‘
_to be approximately 1% in reactivity, and this va;s assumed to also
be the case with the reactor cold.
4 CEI's estimte‘ of the reactivity worth of the boron, at
the beginning of core life, was 11%. A rough observation of a 2%
-gain in reactivity, over that predicted which was attributed to |
the loss of boron, led to the rough estimate that 2 +11 = 18%
of the boron originally present was missing from the core (this
assumes uniform loss of boron from the core and certeain other
. eimplifying postulates concerning local resctivity effects).
Although numerical values for core reactivity, rod worth
and shut-down margin are all subject to some uncertainty, in
varying degree, depending on physical assumptions, the reactor
condition, the calculational method or experimental technique, the
available information indicates the following:

1. The initial shut-down margin for the cold reactor was
probably somewhat less than intended - maybe approxi-
mately 3.56 A k actual margin versus an estimated
L-6%4 design margin. The actual margin was considered

v

adequate.
- 18 -
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.2~ The reactor. could have been made critical 'fzy

withdraval of the ceatral control rod omly,

. anytime since startup of the reactor. 1960

3. At the time of shut-down on December 23, the

shut-dovn margin for the cold reactor was probably
2 to 3%, assuming rod vorth was essentially unchanged
from earlier measurements and calculations. With
‘Bhi;c assumption, and a similar one regarding rod #9
(the central comtrol rod), criticality could be
produced by withdrawl of this rod approximately 17
inches from the reference zero position.}-y Representa- .

tive critical rod positions are given in Table 1

.

below.
Table 1
Rgpresentatite Critical Rod Positions
Core ‘ ' Rods Rod

Date ?;]:g;ure Conditions 1t 12:: hza ;nhdra vz)
9/16/60 TI1 hOT° ¥, zero pover e 1h.4
9/16/60 T 2.5 MW, no xenon 16.6  16.6
9/25/60 T36 2.5 MW, equil. xemon 17.8 17.8
11/6/60 848 2.56 MWt, equil. xenon 17.6 17.6
11/15/60 Cadmium sheets inserted
11/16/60 853 180° F, zero power, mo xenon 13.2 13.2
12/5/60 888  2.56 MWt, equil. xenom 19.3 19.2
19/23/60 932 2.56 WHt, equil. xenon 19.4 19.4

(In the initial eritical experiments, with no boren present in

the b x b array of fuel elements and with the side rods fully

inserted, criticllity m achieved with the ceatrsl rod 1k to
. 1 -
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.-14.5 inches withdrawn.® The small size of this core would ipcresse
...radial. leskage, compared to that for a 40 elemeni core, .requiring
—greater. withirawal for criticality. The sddttion-of cadmiws and
.greater withiraval for criticality, but would be at least. partially
offset by the presence of additional fuel. Eight additiocnal bare
elements,. .m; 6 x It array, required insertion of the cemtral’
rod from 1#.5  inches withdrawa to 9.25 inches withdrswa to. msintain
criticality.. These #ulberl serve to emphasize the wmcertainty of
the eritical rod position in the absence of detailed kmowledge of
JWm.of the core.)
C... Control Rod Drive Experience

From. early operations onward, :Lntgrnittent and increasing
difficulty was encountered in the free yovenent of the comtrol
rods. At least over tha,,,firlt year of cperations, and possibly
-in large measure thereafter, the difficulty arose fro; {he ab-
‘normal performance of the seals through which the drive shafts
penetrated the rack and pinion gear houq.nss on top of the reactor.
The Tate of flow of seal water affected {he performeace of the

. rod drives, as did the presemce of foreign matter. Imcrease
_filtration spparently reduced the problems associated with
foreign matter. A study vas in progress to geek am understanding
of the variation of the scram performance of the rods, with seal
water flow. This variation was not considered a serigus problem,
in that performance specificaticns were met, provided the seal
ntgr flow was at thclvuign value. It was alsc stated that move-

nents imposed in scram tests prior to reactor start-up and frequeat
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-exercise of the rods seemed to.improve. rod perfoymance;
.. possibly. by tending to clear. out particles of dirt or rust in
.geals or bearings.
In more recent months, testimony before the Board and
.operating records indicate incressed freguency of wmalfunctioning
..of the control rod drives. On the one band it was postulated
by several witnesses that the bowing of the boron strips
attached to the fuel elements exerted sufficient lateral force
to result in reduction of the clearance within the control-rod
shrouds, restricting the free motion of the blades. On the other
. hand, several witneases felt thers was no evidence for such
.clesing of the ghrouds, but that there might be some sccummlation
.of .crud on the shroud and blade surfaces; and that exercising
_the drives tended to prevent aticking of the rods in the shrouds.
It was. also indicated that the higher power operatiom, which
took place only after November 1960, and the additiom of the
- cadmimm strips required further vithdrawval of the control rods
than had been previously required. Comnseguently, the drives were
being used in & new region of the mechanical structure, where
closer tolerances, or other differences, caused increased diffi-
culties with rod motion.
The oniy known interferences within a shroud were:
1. A crimp or similar bend was observed in the top
edge of the No. 1 shroud. A special stainless
steel wedge-shaped tool was designed and used to

straighten out this defect.
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2. A dummy control blade, made of aliminum was
. fabricated for insertion and irradiation in
the Fo. 4 shroud. On initisl insertion, the
blade could not be fully inserted. The wedge-
shaped tool was used on this shroud slsa, byt
-gince it could not be inserted within the shroud,
the actual remedy for imnsertion of the blade
wvas to cut a portion off of the bottom of the
blade.
After the incident a review was made of the Operating Logs from
September 1, 1960, through December 23, 1960, by members of the
Military Cadre. The data set forth in Amnnex J give all recorded
examples of coantrol rod performance.

According to testimony presented before the Board, all
orders in the Night Order Book, for the instruction of reactor
operating personnel, are given by either the Operations Super-
visor, or the Plant Superintendent with the Supervisor's or
Assistant Supervisor's concm'rence, and the fo]lew;i.ng orders
reflect the efforts of the operations group to maintain the rods
in an operable status by frequent exercise: 12/20/60, by the
Plant Superintendent - ‘

"Each shift will perform a complete rod tra.vei exercise

at approx. b hours after the start of shift. This
rod exercising will be required of each shift umtil

further notice."

-22 -





SL—1 ACCIDENT INVESTIGATION BOARD’'S REPORT

12/21/60 by the Cperstion Supervisor.
"Perforn a complete rod. travel exercise on the
-graveyard and subsequent shiftg."”
112/22/60,. by the. Plant Superintendent
"Do .not perform control rod exercises during 2.56 MW
pover run.” (Testimony indicates that & .special power
run to get equilibrium date was in progress at this
time.)
A reviéev of the Operating Log #13 reflects that the
afommtieneﬂ orders were complied with by the cperators. On
December 23, 1960, vhen the reactor was secured, the Operating
Log #13 includes, in part, the following:
"0825 Dropping reds to secure reactor
Rod drop times
# no drop
#3 dropped 1/2" and stuck :
#5 clesn drop in 0.82 sec.
#7 nmo arop
#9 clean drop im 0.81 sec.
"0827 Driving rods 1, 3, and 7 té zero

"0830 Conmtrolling bypsss steam flow to cool down to
2°F/min.

"0835 Rod #3 dropped from 9" to 0.5 sec.
Rod #1 dropped from 16" to 9" in 1.3 sec.”
Testimony indicates that this behavior was worse tham
usual, and that the Assistant Operationms Superintendent remem-
bered commenting that this was probably because of the preceding
operation (with no rod exercising). The operating procedures

-23 .
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called for "scram-testing”. the control rods before and during

_nuclear start-up of the resctor. Rods were dropped individually

.from.a. prescribed height before going.critical, and also from

..another height after achieving operating.temperature and. pressure
in the reactor vessel. Prescribed times for full 1nser$i§n were
glven. If the prescribed times could not be met, reactor opera-
tion was not to proceed. Testimony indicates that if a rod did
not meet the drop-time criterion, the test was repeated.

Review Af.the experience with control rod performance
indicates that this behavior was probably not as bad as hed been
experienced on .some previous occasions, however. A complete
record of performance, obtained from the operating logs, is

- attached as Annex J. The CEI Project Manager and the CEI Assis-
tant Director of the Nuclear Division testified that they were
not awvare of any significant difficulty with the operation of
1he control’ rods and alsc were not aware of the entries in the
log books over the past several months describing these diffi-

cylties.
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5. Sequence of Events Surrounding the Incident 15/

After having been in operation for slightly more than two
years, the SL-1 was shut down on December 23, 1960. It was
planned that maintenance on certain components of the whole
system would be performed during the succeeding twelve days
and the reactor would again be brought to power on January &,
1961, While maintenance work on several auxiliary systems of
the plant was completéd during this period, the only work
planned for the reactor core was the insertion of 44 cobalt
flux measuring assemblies into coolant channels between plates
of the fuel elements throughout the core. Access to the core,
to install these assemblies, through nozzles in the head of the
reactor vessel required removal of the control-rod drive assemblies.
'This portien of the work was begun during the early morning hours
of January 3, 1961. When the day crew (lincluding pe:sc_m‘nel from
the mt.litary and " from Combustion Engineering) arriixv:ed at the SL-1
on January 3, disassembly had been completed. Installation of the
flux measuring assemblies was accomplished during the day shift
under the supervision of Cmbnstim‘ﬂﬁgineeting personnel,

The créw of the next shift (4:00 p.m. to midnight, January 3)
consisted of three military personnel: the shift supervisor (a
qualified chief operator), his operator-mechanic assistant (a
qualified operator), and a trainee. This crew and the following

one were assigned the task of reassembling the control rod drives
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and preparing the reactor for startup.

First indication of trouble at the SL-1 reactor was an automatic
alarm received at Atomic Energy Commission Fire Stations and Security
Headquarters at 9:01 p.m. (MST) January 3, 1961. The alarm was
immediately broadcast over all NRTS radio networks. At the same
time, the personnel radiatiom nonitof at the Gas Cooled Reactor
Experiment gate house, about one mile distant; alarmed and remained
erratic for several minutes.

Upon the receipt of the alarm, which could have resulted from
excessive temperature, high radiatiom, by being struck by a
missile, or a pressure surge in the region above the reactor floor,
the Central Facilities AEC Fire Department at the NRTS and AEC
Security Forces responded. A health physicist from the Materials
Testing Reactor (pperated for the AEC by the Phillips Petroleum
Company) was called at this time.

Upoﬁ enteripg the SL-1 fenced area, the. fire department
personnel were unable to arouse the SL-1 crew. Access te the reactor
support building_was gained through use of the security patrolman's.
keys. The assistant fire department chief sntered the reactor
support building and immediately detected radiation levels up to
25 roentgens per hour (r/hr). He could observe none of the SL-1
crew in the reactor support building. The health physicist from
the Materials Testing Reactor arrived and entered the reactor

support building. He observed increasimg radiation levels as he
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proceeded toward the reactor building; he detected levels of
200 r/br at the stairway to the reactor.

The decisien to enter into the reactor building to attempt
to locate the.operating personnel was made after the arrival of
the CEI plant health physicist. Entry by him, and others, located
two of the crew on the floor near the reactor in a radiation
field of approximately 1000 r/hr. One of the two crewmen was
still living; the other, dead. Removal of the living man was
accomplished by approximately 11:00 p.m. Shortly thereafter,
he was pronéuﬁced dead by one of the AEC physiciams who responded
to the emergency call.

" Subseqent entries were made over the next several days to remove
the two remaining bodies and to recover certain equipment and records.
Of over 100 peopie ergaged in recovery operations during the first
24 hours after the incident and of the several hundrad so engaged
in the following week, 22 persons received radiatioﬁ exposures in
the.ransé of three to 27 roentgens total body exposure. Precautionary
wmedical check-ups did not disclose any clinical symptoms.

6. Consequences of the Imcident

A. Injury té Personnel

The results of the post mortem examinations of the three
deceased perscns show that two of them &ied{instantly as a direct
or indirect result of blast damage 2ad that the third man may
have lived for about two hours after the incident. A fatal
wound in the head of this third man precluded any possibility
of survival. There was evidence of flash burms to limited areas

of the bodies.
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Personnel exposures, during the initial recovery operatioms
are listed in the previous iection. Since the removal of the
third body, exposures to personnel engaged in the recovery
operations haQe been limited to values less than normally
allowed to radiation workers, i.e;, less than 2.5 r per quarter.
B. Physical Demage

There appeafs to have been only minor physical damage to
the reactor building., A buckling of reactor room ceiling
directly above the reactor (the fan room floor) has been
observed. Two of the shield plugs were driven upward out of
the nozzles in the head of the reactor vessel and pemetrated
and stuck in the reactor room ceiling. One of these plugs was
removed during subsequent operations. A peeling back of a portion
of this ceiling indicates the possibility that some additional
parts of the reactor system, for examplé, a shield plug, may
have been projected into the fen room area.

Observations made with a pinhole camera for gamma rays
indicated the presence of a high level gamma source in the fan
room area (there is a possibility that what {s being cbserved
is gamma radiation emitted from the reactor but scattered from
the structure above the reactor),

No conclusive evidence is yet available as to whether or not
the reactor-vessel itself ﬁas been damaged. Preliminary estimates
have been made that the explosion may have caused an intermal
pressure as great as 500 psi, from tbserved damage above the

reactor vessel and from calculations of energy needad to propel
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certain components to observed locations. A portion of the
sheet metal, covering some shd;_éld material on top of the
reactor head, was bent upward, allowing d:_lspersal of some
of the gravel, steel punchings, and pelletized boron
V shielgliug material .I

Photographs taken by movie and closed-circuit TV .camé_;‘as
have shown extensive damage to the core itself., The central
control red, No.”9, and a portion of its shroud appear to have
b?en eje‘cﬁd completely from the core and are lodged below
the central nozzle. Control rods Nos. 1 ,» 3 and 7 appear to
be within the core, though they may be displaced laterally
and vertically to some extent. The shrouds of these control
rods have been greatly disterted, and the top of the core is
covered with debris from core components such as holddowm
plates and end box_es from individual fuel element assemblies.
The core has been expanded, from ineérml pressure, to the
point thet it is in contact with the thermal shield near the
wall of the reactor voléel. at many pointl on its ci:cu-:fgrcnco.
removing: the 6:t6 9+inch clearence in the original core
configuration. Two un%s, those for Control rods Noa.bil and 7,
ar\e protruding from their respective nozzles, tho\igh ‘the threads
on the ends of both appear to be damaged. The rack associated
with Bé. 3 rod has been broken off near the upper suéiface of
No. 3 nozzles.

The bel..l housing over control rod No. .5 rod extenﬂm had

not been removed during the shutdown work and is still in plachk.
' P o

A-ag-
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As a result of this, and because the position of rod No, 9
and its shroud have obscured vision, it is not possible to
ascertain the position of this control rod.

The plate over the No. 8 nozzle through which the instru-
mentation leads from the core passed was blown from the
nozzle, stripping the threads from each of the studs; The
present location of the No. 8 plate 1s not known. Of the
five shield plugs, only three have been observed, two in the
ceiling of the reactor room (one of which was removed) and
one lyix;g on the top of the reactor head,.

Thermocouple measurements and water-detecting probe
measurements in the core have been made. Despite conflicting
previous interpretations, it is now generally accepted that
the level of the water in the reactor vessel, if indeed there
is any water present, is at least 24 inches below the bottom
of the active fuel. Simce the first observations were made
more than a month after the incident it is possible that
what water was present just after the incident had evaporated
before observation. Although there is no evidence to support
it, and activity levels below the reactor vessel, would seem
to ﬁdicat'e otherwise, it remains a possibility that the
reactor vessel 1s cracked.

C., Nature of the Incident

In the absence of any direct evidence which would identify
the initiasting event, which resulted in the explosion within

the SL-1 reactor vessel, the Board cannot state what actually
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did initiate the incident. There appear to be several conceivable
mechanisms, or sequences of events, that could have resulted in the
obgerved effects. The relative credibility of these mecheanisms is
extremely difficult to establish without further information.
That an explosion toﬁk place is quite clear from the observed
physical damage within and without the reactor vessel.
Indications that a nﬁclear excursion took place were provided
by the following: '1—6'/
l. Tdentification of the fission product yttrium-01 1sotobe,
in a metallic sample shaken out of the clothes of one of
the deceased.

2. Identification of activated copper (to Cu-64) in a
cigarette lighter screw, belonging to one of the deceased.

3. Identification of activated copper in a watch band buckle,
belonging to one of the deceased.

k, TIdentificeation of activated gold im a finger r:l.ng worn by
one of the deceaged..

5. Identification of activated Cobalt 58 in a gasket from the
top of the reactor.

6. Identification of activated Chromium 51 in a gasket from
the top of the reactor.

T. Identification of gross fission products in air samples
taken one and two days after the incident.

8. Response of monitoring imstruments at nearby sites o the
passage of & radioactive eloud.

9. Observations of radiofodine contamination of sage brush.

Obsegled blast effect":s on equipment, components and personnel are
not incomsistent with the conclusion that a muclear excursion took
Place. That is, the energy release required to produce the pressures
needed to cause the observed effects is comparable to that observed
in the destructive BORAX experiment, on the one hend; and credible
mechanisms e.nd initial conditions cén be postulated, on the other

haad, that would lead to such an excursion.
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The Board is avare of no chemical, metallurgical or physical
analyses of any materials or components, the results of which would
~ support the hypothesis of an initlial chemical reaction which then
induced a nmclear reaction by rearrangement of core components.

In this regard, the Board has been advised that metallurgical ex-
aminetions made after the incident probably would not establish
conclusively whether a mtal-;vater reaction initiated or remitted
from a nuclear excursion.

D. Energy Release

One estimate of the energy release is based on the analysis of
a metallic sample taken from the clothing of one of the deceased.
This sample was én&lyzed for uranium isotopic composition, mass,
and spécific yttrium activity. This analysis, related (by assump-
tion) to the total uranium present in the core, led to rough
estimate of the totel fissions during the excursion of 1.5 x 10]'8 -
equivalent to 50 megawatt seconds. It is believed thaii an energy
release significantly less than this would not have produced the
observed blast effects, and that an energy release greater by a
factor of 3 or 4 woild have produced much more drastic blast effects.
Another estimate of the total energy release, based on analogy
with SPERT experience, as well as observed aﬁospheric radio-
‘activity, was a release as great as 500 megawatt seconds, indi-
cating that there may have bsen more than one burst, or that
there wvas additional lower bower operation.

A number of estimates of integrated neutron flux have been
made from the determimations of induced radioactivity in various

samples (thermal neutron doses from 1 x 108 t02x 1010 nyt were
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calculated). The extrapolation to the number of fissions in a
nuclear ex;mraion is extremely uncertain; however, first, because
the energy release (no. of fissions) is not large compared to
the cumulative expoiure of the core; and second, the unkzown
effects of shielding (water b;ight, for example) and third,
the unknown effect of‘delayed-neutron emitters relessed from
the reactor vessel into the reactor room.
E. Activity Release

Aerial surveys conducted on several different occasions since
the incident, at an altitude of 500 feet and above, have not
indicated any activity levels (at the ground) greater than
twice background levels., On the basis of meteorological infor-
mation (inversion conditions, wind direction NNE at a velocity
of & to 8 mph) and the observation of smoke plumes under similar
conditions, together with air and ground samples, it appears
that a narrowplume of gaseous fission products traveled SSW from
the reactor building. Low-level off-site activity of sagebrush,
due to iodine-131, was observed subsequent to the incident.
Subseqent sampling in the immediate vicinity of the SL-1
facility indicated that low levels of gaseous iodine were re-
leased for a shoft period of time from the reactor or that.
icdine released at the time of the incident was undergoing
translocation. As of April 7, 1961, measured I!3! 1evels
were essentially at background; clese to the reactor building,
soil samples did indicate a low contamination by strontium-90
for a period of time after the incident, Determinations of the
strontium 90 content in five soil ssmplzs collected on
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Janusry 13, 1961 ranged from 1018+18 d/m/20gm near the
iupport Facility building, to 65+ 8 d/m/20gm approximately
20 feet ;ait of thil guard house along the perimeter fence.

Intermittent radiation surveys in the vicinity of the
SL-IAplmt indicate that the gamma radiation has not dq-
croue-d an apprecisble amount, During the first week in
Pebruary dose rates varied from the order of 10 t/hr,
measured at i:he base of the reactor building, below.the cargo
_ door, to the order of 100 mr/hr, measured a§ a distance of
spproximately 300 feet from the reactor building.

The inplicnt;oﬁa of an SL-1 incident to the public in a

populated area is discussed in a memorandum which {s attached

as Annex M,
7. Possible Mechsnisms for the Incident

From consideration of the factors which may have caused this
accident, it is ponililo to conceive of several different items
or combination of items which may have constituted the immediate
1n1t1¢.tingkevent. The accidtnt could have occurred with ﬁo,
errors being committéd on the part of the crew, though cet:éain
errors on the part of the operafors also can be vtaualindf as
possible initiating events.

\ It i{s known thni: the tasks assigoed to the operators (re-
assembly of control rod drives) involved the liftinj of the
control blades. Testimony before the Board indicates thaé the
Chief Operator and the Operator had performed thia same task

at least four times before the occasion in question and

that they had received specific txaining for this opegatiom.
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Their training procedure 17/ included the explicit instruction
that during disassembly, the control rod was not to be raised
more than four inches. The reason for this limit was not given
in the procedure. From the positions of the men after the in-
cident and the injuries they suffered, we are unable to rule
out the possibility that one, or possibly two, of them were
engaged in lifting the central rod at the time of the explosion.
At pryesent, however, there is no direct evidence on this point.

In the light of measurements made prior to the reactor shut-
down on December 23, 1960, it would have been necessary to
raise thé central control rod a minimum of 16 inches at that
time to produce criticality., On the basis of existing informa-
tion on the reactivity worth of the central control rod (prior
to shutdown) and the results of BORAX and SPERT experiments, 18/
it is estimated‘that this rod would need to be ﬁithdrnwn another
6 to 8 inches at a rate of approximately 24 inches per second
in order to produce a nuclear excursion of the magnitude esti-
mated to have occurred. While these actions and conditions
appear credible, they do not appear probable in the Iight Af
the evidence thus far ivailable.

Additional factors can be considered at this time, which
involve the possibility that some changes occurred in the
properties of the reactor between December 23, 1960 and
January 3, 1961 - changes which would minimize the capability
of the control rod system to maintain the reactor shutdown.

There i8 no direct evidence at present that any such changes
-35 -
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took place. If loss of cadmium or loss of boron did occur during
the shutdown period in question; the shutdown margin of reactivity
vould’have been reduced. With a reduced shutdown margin of re-~
activity, substantially less withdrawel of the central control rod

would have produced criticality. L9_/

Other conceivable initiating events, though at the present

v

their likelihood appears to be low, include: QQ/

(a) A water-metal, hydrogen explosion, or other chemical
reaction, below the reactor core, which would drive
the central rod or several of the rods up out of
the core, or that would 1lift the seal plugs and
therefore the attached rods by & general pressure
increase.

(v) Addition of water to a core which had become dry
end otherwise changed.

It should be emphasized that the foregoing discussion is
limited to possibilities and is not intended to imply any degree
- of probability. It appears now that the most likely immediate

cause involved some unusually large and rapid movement df the

central control rod.
8.‘ Conclusions
In the absence of additional information concerning the
initiating event for the incident; the Board is unsble at this
time to be more specific about the nature, cause and extent of
the incident.
A. An explosion Qccurrgd ;n the SL=; regctor at epproximately .
9:00 P.M., onv Jenuary 3; 1961, resulting in the death

of three persons, in damage +to the reactor and to the
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reactor room, and in high radiation levels (approx-
imately 500-1000 r/ﬁr) within the reactor room. On
April 1, the levels had decreased to the order of 100~
200 rhr and were decaying with a half-life of approx-
imately 40 days.

Two members of the crew were killed imstantly by the
explosion., The third died within about two hours as &
result of an injury to the head,

The explosion invelved a nuclear reaction. The thermal
nvt above the reactor was estimated to have been
approximately 1010 n/cm2, and may have resulted from
more than a single burst of radiationm.

Chemical and radiocactivity measurements on a single
fragment of reactor fuel ejected by the explosiom, if
representative of the total fuel, suggest that the
reaction may have resulted im 1,5 x 1018 fissions.

This would have produced 50 megawatt-seconds of energy.
Other estimates; based on decay of gaseous activity amd
on analegy with SPERT and BORAX experimental results,
give a range from 100 Mi-seconds te 500 M¥-seconds,
for the total energy release.

At the time of the explosion, the reactor crew appears
to have been engaged in the reassembly of contrsl rod
mechanisms and housings on ﬁop of the reactor. The
pressure generated within the reactor, which probably

reached several hundred pounde per square inch, was

-3 T
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vented through a number of partially closed nozzles

in the head of the reactor, blowing out shield plugs,
portions of control rods, and some fuel.

The explosive blast was generally upward from the ports
in the top of the reactor. Structural damage to the
building, principally due to cbjects projected from
the ﬂozzles, was slight, Damage to the reactor core
is extensive, although there does not appear to have
been gross melting of the aluminum core.

Some gaseous fission products, including radicactive

iodine, escaped to the atmosphere outside the building

and were carried downwind in a narrow plume. Particulate

fission material was largely confined to the reactor
building, with slight radicactivity in the immediate
vicinity of the buildiag.

At this time it is not possible to identify completely
or with certainty the causes of the incident. The most
likely immediate cause of the explosion appears to have
been & nuclesr excursion resulting from unusually rapid
and extensive motion of the cemtral control red. As
yet there 1sl_ggvidence to support any of several other
conceivable initiati ng mechanisms,

It is known that a variety of conditions had developed
in the reactor; some having their origin in the design

of the mactor and others in the cumulative effects of

reactor operation, which may have contributed to the
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cause and extent of the incident. Among these
conditions were the loss from the core of the burnable
boron and the condition of the control rods that

caused sticking.

-39 -
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FOOTNOTES

Copies of the teletypes concerning formation of the
Board of Investigation area attached as Annex A,

A list of witnesses, wvho appeared before the Board,
is attached as Amnex B,

The membership of the 'rechnical Advisory Committee
is given in Anmex C,

A 1list of observers is givem in Ammex D.

A series of photographs and drawings are attached as
Figures 4 through 8,

AEC Staff Paper AEC 420/27 Argonne Low Power Reactor
Project, October 31, 1955.

ALPR Preliminary Desiga Study, ANL-5566, April 1956.

Hazard Summary Report on the ALPR, ANL-5744, completed
Octeber 1957, published November 1958.

Pertinent éontractual arrangements and agreements are
given in Ammex P,

Aa orgmaization chart for the CEI adminis tration of
the SL-1 plant is attached as Amnex I.

A summary of inspections amd visits is attached as
Alngx E.

Detailed test results are givenm in a report of a talk
by D. H. Shaftman, on "Pre-Power, Zero-Power Reactor
Physics-Experiments im the ALPR, Presented at ANPP
Reactor Analysis Semimar, October 11, 1960" amd "“Imitial
Testing and Operatiom of the Argomme Low Power Reactor

(LPR)", ANL-6084, December 1959,
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A detailed chremology of reactor operation is attached

as Amnnex H,. A summary of equipment malfunctions is
attached as Asnmex K,

A represeatation of coltrol rod worth is attached as
!'igun 3.

A dcuilet} chronology of eveats before and after the
incident was comtaimed im the AEC press release of
Jamuary 12, 1961.‘

Det:nﬂed results of activation data are attachcd

'Au.x l..

A copy of .the procedure is attached as Ammex N,

A discussion by a Board Comsultant of comsideratioms
of rate of change of reactivity amd total chamge of

reactivity related to emergy release is attached as
Anmex O, ‘

A discussiom by a Board Comsultant of possible reactivity
additioms, since comstruction, of the SL-1, is attached

- a8 Annex P,

A discussion by a Board Censultamt of the significamce
of chemical reactions in the SL-1 incident is attached
as Annex @, and a metallurgical evaluaticn of the SL-1
core ccmpoments is attached as Ammex R,
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ANNEX A

TELETYPES CREATING BOARD OF INVESTIGATION

January 4, 1961

"T0 CURTIS NELSON CHAIRMAN OF SPECIAL INVESTIGATING BOARD ON SL-1
INCIDERT CMM INFO ALLAN C JOHNSON FROM A R LUEDECKE PD PURSUANT TO
AEC MANUAL CHAPTER 0502-042 A CMM I HAVE CONSTITUTED A SPECIAL BOARD
OF INVESTIGATION TO CONSIST OF YOU AS CHAIRMAN AND OF THE FOLLOWING
MEMBERS CLN DONALD I WALKER CMM IOO CMM CLIFFORD BECK CMM PETER
MORRIS CMM AND FORREST WESTERN CMM HQ PD

THE BOARD IS TO INVESTIGATE AND REPORT TO ME ON THE INCIDENT CMM
PURSUANT TO AEC MANUAL CHAPTER 0502-042 AND AEC APPENDIX 0502-043-A FD
AN INTERIM REPORT SHOULD BE SUBMITTED TO ME AT THE EARLIEST POSSIBLE
TIME WITH COPY TO MARAGER OF OPERATIONS FD

I HAVE IBSTRUCTED THE IDAEO MANAGER OF OPERATIONS TO MAKE AVAILABLE TO
YOU AS YOUR COUNSEL THE CHIEF COUNSEL CMM IOO CMM AND TO PROVIDE THE
SERVICES OF OTHER PERSONNEL OF IOO AS REQUIRED PD PLEASE FEEL FREE
TO CALL ON ME FOR ANY ASSISTANCE YOU MAY NEED IN OBTAINIRG THE SERVICES

OF ANY OTHER CONSULTANTS OR EXPERTS WHICH YOU MAY REQUIRE PD GM CLNW
ARL END AEC 82"

January 4, 1961

"F0 CURTIS NELSON CMM CHATIRMAN OF SPECIAL INVESTIGATING BOARD ON SL-1
INCIDENT CMM IOO CMM IDAHO FALLS CMM IDA INFO TO ALLAN JOHNSON FROM

A R LUEDECKE

I HAVE DESIGNATED DR WILLIAM K ERGEN CMM OAK RIDGE RATIONAL LABORATORY
SMCLN DR BENJAMIN LUSTMAN CMM BETTIS LABORATORY CMM PITTSBURGH CMM

PA 5M CLK DR JAMES H STERNER CMM EASTMAN KODAK COMPANY CMM ROCHESTER
CMM NY SMCLN AND DR WARREN NYER CMM PHILLIPS PETROLEUM COMPANY CMM
IDAHO FALLS TO SERVE AS CONSULTANTS TO YOUR INVESTIGATIVE COMMITTEE

ON THE SL-1 INCIDENT FD THESE CONSULTANTS ARE IN ADDITION TO OTHER
PEOPLE YOUR COMMITTEE MAY WISH TO CALL ON FOR ADVICE AND ASSISTANCE PD

PLEASE CONTACT ME RELATIVE TO DESIRED TIME ARD PLACE AVAILABILITY OF
ABOVE CONSULTANTS PD GM CLN ARL AEC 106"
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ANNEX B

WITNESSES WHO APFEARED BEFORE BOARD

Janvary 5, 1961

Allan C. Johnson, Manager, ID

John R. Horan, Director, Health and Safety Division, ID

W. C. Bills, Deputy Director, Health and Safety Division, ID

George L..Voelz, M.D., Chief, Medical Services Branch, Health and
Safety Division, ID

Capt. R. L. Morgan, Project Officerfor SL-1, Military Reactors Division,
ID, and Chief, INPFO, U. S. Army, Ideho Falls, Idaho

V. V. Hendrix, Director, Military Reactors Division, ID

Sidney Cohen, SL-1 Test Supérv:lsor, Combustion Engineering, Idaho
Falls, Idaho

January 6, 1961
W. B. Allred, Project Manager, Combustion Engineering, Windsor, Conn.

John Anderson, Assistant Director, Nuclear Division, Combustion
Engineering, Windsor, Conn.

John R. Horan, Director, Health and Safety Division, ID

Charles W. Luke, Project Physicist, Combustion Engineering, Idaho
Falls, Idaho

Joseph R. Dietrich, Vice President, General Nuclear Engineering
Corporation, Dunedin, Florida

Milton Levenson, Senior Chemical Engineer, Argonne National Laboratory,
Argonne, Illinois

P. R. Duckworth, SL-1 Acting Site Representative and Operations
Superintendent, Combustion Engineering, Idaho Falls, Idaho

M/Sgt. (E-T) R. C. Lewis, SL-1 Plant Superintendent, U. S. Air Force

‘Annex B/1' ..
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Jenuary 7, 1961
sFc (B-6) G. J. Stolla, SL-1 Chief Operator, U. S. Army

SFC (E-6) G. B. Millar, SL-1 Chief Operator and Electronic Section
Chief, U. S. Army

M/Sgt. R. C. Lewis, SL-1 Plant Superintendent, U. S. Air Force

T/Sgt. C. E. Woodfin, SL-1 Chief Operator and Chief Instructor,
U. S. Air Force

Allan C. Johnson, Manager, ID

W. P. Rausch, Assistant Operations Supervisor, Combustion Engineering,
Idaho Falls, Idaho
January 8, 1961

Executive session and meetings with observas and the Technical Advisory
Committee. No witnesses called. The Board also visited the site of the
incident.

January 9, 1961

E. J. Vallario, Health Physicist, Combustion Engineering, Idaho Falls,
Idaho :

SFC (E-7) R. M. Bishop, SL-1 Chief Operator and Maintenance Section
Chief, U. S. Army

P. R. Duckworth, SL-1 Acting Site Representative and Operations Super-
intendent, Combustion Engineering, Idaho Falls,
Idaho

SFC (E-6) H. L. Kappel, SL-1 Chief Operator and former Chief Instructor,
U. S. Army

8PS R. D. Meyer, SL-1 Chief Operator, U. S. Army
January 10, 1961 '
SFC (E-6) D. R. Deddens, SL-1 Operator, U. S. Army

H/Sgt. M. B. Hobson, SL-1 Chief Operaﬁor and Electrical Section Chief,
U. 8. Air Force

Angex Bf2
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January 10, 1961 (Cont.)
T/Sgt. R. A. Peil, SL-1 Chief Operator, U. 8. Air Force

W. A. Moshberger, Assistant Chief, Fire Department, Hazards
Control Branch, Health and -Safety Division, ID

K. R. Deardon, Captain, Fire Department, Hazards Control Branch,
Health and Safety Divisiomn, ID

J. M. Brooke, Director, Security Division, ID

J. L. Rock, MIR Health Physics Technician, Phillips Petroleum
Company, Idaho Falls, Idaho '

D. E. Richards, MIR Health Physics Technician, Phillips Petroleum
Company, Idaho Falls, Idaho

M. J. Arave, Patrolman, Patrol and Enforcement Branch, Security
Division, ID

January 11, 1961

M. Ruth Guffey, Personnel Metering Branch, Health and Safety Division,
D

Sgt. R. M. Bishop, SL-l Chief Operator and Chief, Maintenance Section,
U. S. Army

SFC (E-T) P. J. Conlon, NCOIC and Training Officer, SL-1 Cadre,
U. S. Army

Sgt. 0. K. Soward, SL-1 Operator, U. S. Army

Capt. J. T. Westermeier, Former Cadre Cmdr., SL-1 Cadre, U; S. Air i?orce
SP5 J. B. Davis, Process Control Technician, U. S. Army -

January 18, 1961

Capt. Stephens W. Nunnally, U. S. Army, Former Chief, SL-l1 Cadre

Lt. Ronald Phillip Cope, U. S. Navy, Former Chief, Boiller Operations
Branch, SL-1

M/Sgt. R. C. Lewis, SL-1 Plant Superintendeént, U. S. Air Force

Angex B/3
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January 18, 1961 (Contd)

W. P. Rausch, Assistant Operations Supervisor, Combustion Engineering
Idaho Falls, Idaho

January 19, 1961
Lt. Col. H. C. Schrader, Deputy Assistant Director For Army Reactors
V. V. Hendrix, Director, Military Reactors Division, pu))

Janusry 20, 1961

Joseph Crudele, Former Operations Supervisor, SL-1 ProJect, Combustion
Engineering

January 21, 1961

John Anderson; Assistant Director, Nuclear Division, Combustion
. Engineering

W. B. Allred, Project Manager, Combustion Engineering, Windser, Conn.
February 16, 1961

Capt. A. Nelson Tardiff, ProjJect Officer, Army Reactors, DRD, Hq.
U. S. Air Force

Col. Gordon B. Page, Assistant Director, Army Reactors, DRD, Hg.,
U. S. Army

April 13, 1961

Lt. Cmdr. Charles W. Mallory, U. 8. Navy, Chief, Water Systems Project
Branch, Army Reactors, DRD, Hq.

Capt. Robert L. Morgan, U. S. Army, Reactor Engineer, Military.
Reactors Division, ID

Annex B/%
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ANREX C

THE TECHNICAL ADVISORY COMMITTEE

C. Wayne Bills, ID, Chairman

F. W. Thalgott, Argonne Nationel Laboratory, Idaho
Milton Levenson, Argonne National Laboratory, Lemont
D. H. Shafiman, Argonne National Laboratory, Lemont
W. C. Lipinski, Argonne National Leboratory, Lemont
R. 0. Brittan, Argonne National Laboratory, Lemont

D. R. deBoisblanc, Phillips Petroleum Company, Idaho
Warren Burgus, Phillips Petroleum Company, Idaho

K. Z. Morgan, Union Carbide Nuclear Company, Oak Ridge

CONSULTANTS TO THE COMMITTEE

. J. H. Kittel, Argonne National Laboratory, Lemont
R. T. Vogel, Argonne National Laboratory, Lemont
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ANKEX D
LIST OF OBSERVERS

E. J. Bauser, Capt., U. S. Navy, Staff Member, Joint Committee on
Atomic Energy, Washington, D. C.

Herbert Cahn, Physicist, Combustion Engineering, Windsor, Conn.

R. L. Doan, Manager, Atomic Energy Division, Phillips Petroleum
Company, Idaho Falls, Idaho

Angelo Giambusso, Division of Reactor Development, AEC, Hq.

W. L. Ginkel, Assistant Mansger, Idaho Operatioms Office, AEC,
Idaho Falls, Idaho

Robert Hellens, Physicist, Combustion Engineering, Windsor, Conn.

Allan C. Johnson, Manager, Idaho Operations Office, AEC, Idaho Falls,
’ Idaho

Captain H. W. Johnson, Reactor Engineer, Military Reactors Division, Idal
Operations Office, Idaho Falls, Idaho

Captain D. C. King, AFIG Staff, DNSR, Kirtland Air Force Base, Albuquerq
New Mexico

E. J. Leahy, Health Physicist, NRDL, San Francisco, California

Lt. Col. D. G. MacWilliams, DMO, Office of Chief Chemicael Officer,
Washington, D C.

Meyer Novick, Director, Idaho Division, Argenne National Laboratory,
Idaho Falls, Idaho

Loren K. Olson, Commissioner, U. S. Atomic Energy Commission, Washington,
D. C. :

Lt. G. A. Roupe, Kirtland Air Force Base, Albﬁquerque, Kew Mexico

Maj. C. A. Scheuch, M.D., AFSWC and NASA, Kirtland Air Force Base,
Albuquerque, New Mexico

Capt. R. A. Schwartz, Army Reactors Branch, Division of Reactor
Development, AEC, Hq.

Vincent A. Walker, Division of Compliance, AEC, Hq.
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ARNEX E

William F. Finan, Assistant General March 10, 1961
Mensger for Regulations and Safety

Peter A. Morris, Assistant Director
for Reactors
Divislon of Compliance

SL-1 INSPECTIONS AND VISITS

CO:PAM

1. Introduction

At your request, an investigation was made to
determine the extent to which inspections or
compliance-type appraisals of the SL-1 plant

and its operation were conducted by the AEC,
military personnel or the contractor. The infor-
mation available was obtained from the files of
the Army Reactors Office, DRD, the Argonne
Rational Laboratory, and from the Idaho Operations
Office. . :

II. Summary

a. There has been no continuing, comprehensive
program for review of operational safety of
the SL-1 reactor, comparable to that provided
by periodic compliance-type inspections.

b. There have been numerous visits to the site,
quarterly reviews of the contractor's per-
formance, and specific investigations, but
only two instances are known where overall
reactor operational safety was a major
consideration. One comprehensive review by
the contractor and one detailed study by a
representative of ARM/DRD were made prior
to routine operation of the plant by the
contractor (1.e., before March 1959).

(continued)
Annex E/1
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III. Discussion

A. Inspection History for the SL-1

Review of the available records indicate that
& number of visits have been made to the SL-1 facility,
and .a number of appraisals of contractor performance
have been np,de, both on a periodic and also a non-
.. 8cheduled, basis.

The records indicate that, with the exceptions
listed below, there were no inspections and.evalu-
.- ations .of reactor performance and safety, specifi-
cally, that were comparsble to those carried out by
the Division of Compliance of licensed facilities.
The. exceptions to this were:

1. Combustion Engineering, Inc., through its
Kuclear Safety Committee, conducted a thorough
appraisal of the facility and its proposed
operation, including reactor safety, by CEI on
March 19, 1959.

2. There were, between August 1958 and
Septenber 1960, approximately 20 visits by
militery personnel (26 individual persons,
primarily from ARM/DRD and NFFO/Ft. Belvoir),
for which written trip reports are availsble
and have been reviewed. Except for the report
made following the January 1959 visit (prior
to assumption of responsibility by CEI), which
found that the reactor plant was "substandard
in areas of operation, design and construction,
safety and maintenance,"” each of these visits
wvas related to a specific problem (for example,
crud formation) or only programmatic considerations.

There were, between December 1958 and October 25,
1960, twenty-one visits by military personnel
for which there are no trip reports available.
Again, the 27 individuels involved in these
visits were primarily from ARM/DRD and NPFO/

Ft. Belvoir.

It appears that no single military individual

visited the reactor plant more than four times
between August 1958 and October 1960.

(continued)
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3. Review of the SL-1 Contractor performance
was made by the ID Military Reactors  Division
by (according to a letter from the Director,
Military Reactors Division):

a. Informal Reviews

1) Quarterly Review Meetings

2) Unscheduled Plant Visits

3) Day to Day Program Discussion

4) Telephone conversatiomsto Windsor
5) Liaison representative at Windsor

b. Review and Approval of Administrative and
Operating Procedures.

¢. Review of CEI Reports

1) Quarterly Progress Report

2) Annual Operating Report

3) Topical Reports

4) Malfunction Reports (There were 38
of these during CEI's operation of
the plant.)

5) Hazards Summary Report

6) Design Reports

7) Reactor Operating Manuals (as required)

8) Health and Accident Report (Monthly)

9) Other administrative reports

d. Review of Extraordinary and Problem Situations

e. Physical Reviews and Imspections (Made and

reported on by the Divisions of ID as required)

During FY 1960 the fqllowing reviews were performed:

1. Accounting System

2, Property Management Appraisal
3. Health, Safety and Fire Review
4, Security Survey

f. Annual Appraisal Réport.

(continued)
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Our review of reports of Quarterly Reviews indicates that
operational safety has not been discussed extensively since the
Our review of reports of Health,
Safety,and Fire Reviews indicates that these reviews did not
encompass operational safety of the reactor at all.

Angex E/3
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B. Compliance Inspection

The primary objective of compliance inspection of
privately owned reactors has been and is to gather
information to show whether or not the licensee, or
permit holder, is in compliance with the Atomic Energy
Act, the rules and regulations of the AEC and any
special conditions of a construction permit or license.
Those of us who have been charged with this responsibility
have always felt strongly, however, that the compliance
ingpector alsc has a respomsibility for gathering infor-
mation to show the extent to which the actual or pro-
posed operation of the facility endangers the health
and safety of the public, This latter responsibility,
we believe, arises because the primary purpose of the
regulatery program is to protect the health and safety
of the public and, at the present time, there are not,
and cannot be, a set of regulations, standards, license
conditions, or othar rules, that by themselves, will
guarantee an acceptably low level of risk attending
reactor operatiom, without seriously stifling the
industry.

To accomplish the above objectives we have strived
for two principal goals. Briefly, these are competence
of the inspector and familiarity with the facility and
its operation. To achieve the first of these goals we
have used as reactor imspectors only those who have had
five years or more of responsible reactor experience.
Such experience includes direct operational and super-
visory assignments and direct techmical support assign-
ments. To achieve the secomd goal it is our practice,
insofar as feasible, to have a single inspector assigned
to a given facility throughout the comstruction period,
the initial startup and test period and during early,
routine operatiomns. During construction of a large
power reactor visits to the site might average one per
month, for example.

We do not attempt to duplicate the work of the
reactor owner, which duplication, in effect, would
divide respensibility for safety, but we do seek to
gather sufficient information to allow a mature
appraisal of the overall safety of the reactor operation.
Not the least important in this appraisal is information
concerning management interest, ability and effectiveness
in directing safe operation.

(continued)
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Conclusion

Although many visits to the SL-1 site were made,

and although a number of studies were made related
to individual aspects of reactor safety, in our view
these activities did not constitute compliance-type
inspections. We conclude that there were no
compliance inspections of the SL-1 reactor.

Annex E/S
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ARKEX F

CORTRACTUAL ARRANGEMENTS AND AGREEMENTS

1l....Atomic Energy Commission and Combustion Engimeering, Inc.

.-.The following excerpt.from. the AEC and CEI contract.defines

.the responsibilities of CEI in operating the SL-1 reactor:
_Contract No. AT(10-1)-967 between Combustion Engineering, Imc
.-and the Atomic. Energy Commission.is for the term between
.. December 1k, 1958, and September 30, 1962, It is .}p.,cost-
....plus-a-fixed -fee contract for operation of. the reactor and ‘
....for.the performance of reseerch and development work at

. Combustion Engineering's plant in Windsor, Comnecticut.

The objectives of the cohtmct are:
. 1. to.gain, through SL-1 plant operation:

. {a) data and experience at design and off-design
| conditions in support of the Army Boiliné Water
Reactor Program.

(v) knowledge of the costs of operating the SL-1 om
both a commercial and a Govermment-accounting
basis.

(c) familiarity with th® problem areas encountered

through sustained operation.

Annex F/1
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2. to carry on the Army Boiliag Water Reactor Program of
. research amd development toward meeting. the overall
_Commission objective of obtaining. simple, ecomomical,
eagily-erected, boiling water nuclear power plants of
various power capacities.
. 3. ..to traim, and assist others in training, crews to operate
the SL-1 and other reactor inmstallations.
LR X
The comtract dated 2/29/59, im Article II, Statement of Work, om
page 14, states: "Im the performance of 1ts undertakings umder
this paragraph B., the Comtractor shall use assigned military
personnel to the greatest exteat consistent with its responsibilities
for safe operation of the ALPR."
Modification No. 4 (comnt'd)
Supplemental Agreement
Contract No. AT(10-1)-967
ARTICIE III - STATEMENRT OF WORK (Comt'd)

M. Disclasimer. The Commission makes mo warranty or represemtation
as to the quality, safg condition, vork:ing condition, state of repair
or adequacy (for the purposes of the work or otherwise) of amy pre-
mises or item of equipweat or material of any kind coming into the
possession or control of the Comtractor or to be used by it in the
performance of the work.

ARTICLE XXI - SAFETY, HEALTH AND FIRE PROTECTION

The Comtractor shall take all reasonable precautioms im the perforna.née
Annex F/2
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of the work to.piotect the health and safety of employees amd of
members of the public and .to minimize danger from all hazards to
life and property, and shall comply with all health, safety, and
fire protection regulations and requirements (including. reporting
.reguirements) of the Commission. Im the event that the Comtractor
fails to.comply with said regulations or requirements of the Com-

_..mission, the Contracting Officer. may, without prejudice to any

- other legal .or contractual righte of the Comnission, issue an
-order stopping all or any part of the work; thereafter a start
order fbr.resxmption of work may be issued at the discretion of
the Contracting Officer. The Contractor shall make no claim for
an. extengion of time or for.compensation or damages by reasoa

of or iam compectiom with such work stoppage.

-The. contract is administered by the Idaho Operations Office, AEC -
with the day-to-day administration being carried on by the Military
Reactors Divisiom of .that office. The Idaho Operatioms Office
reports to the Division of Reactor Development which i1s respomsible
for plamning, directing amd coordinatimg the work of the Idaho

. Operations.Office in order to.accomplish approved programs. Withia
the Division. of Reactor Developwent, the Army Reactors. Branch is
responsible for the part of the program being performed by COmbusti?n
Emgineering under Comtract No. AT(10-1)-967. Iaformal contacts
existed between the Idaho Operations Office and the Army Reactors

Annex F/3
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Branch - usually, in conmection with techmical, programmatic

..and .budgetary matters.

.Military persounel from.three services (Army, Navy aad Air

Force) were assigmed to.the SL-1 for trainimg. Such persommel

. performed operational .and maintenance functions under the over-

all menagement and techmical direction of Combustion Engimeerinmg.

The contract dated 2/29/59, .in Article II, Statement of Work,

on page 14, states: "Im the performance of its undertakings

. unrder this papagraph B., the Comtractor shall use assigned mili-

tary personmel to the greatest extent comsistent with its
resporsibilities for safe operation of the ALPR."

The Combustion Emgineering; Iac., Project Mamager, W. B. Allred,
tegtified before the Board (and his testimomy was edrroborated

by V. V. Hemdrix, Director, Military Resctors Division, TDO),

~that during all coatract megotiations aad pricr to formalizatiom

of the coatract, it was umderstood by both parties, CEI and IDO,
that CEI would permit the Military Cadre to perform routine
reactor operations without supervisioan by CEI.

Atomic Emergy Commission and Argonme ‘Natiomal Laboratory.

The design of the SL-1 (then ALPR) reactor was assigned to the

Argonme National Leboratory as & task umder Comtract W-31-109-

ENG-38 with the Umiversity of Chicago.  This contract vas
Amnex F/h
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. aduinistered by the Chicago Operations Office through its

. Programs Division.. An.active interest im the desiga amd oper:
.- tiomn of the reactor by ANL, aad the role of COOQ, m also
--maiatained by the Army Reactors Office, Divisiom of Reactor

Development.

Annex F/5
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ANNEX G
FUNCTIONS ARD DELEGATIONS

Section 0103 - 46 FURCTIONS AND DELEGATIONS DIVISION OF
REACTOR DEVELOPMENT

* * *

"462 Responsibility of the Director. The Director, Division
of. Reactor Development 18 responsible to the Assistant General
_ Manager for Research and Industrial Development for the performance
. of functions assigned.to the Division of Reactor Development.
Specifically the Director is responsible for:"
* % %
-."d. Plamning, directing and coordinating the work of the
.Division (and the Operatioms Offices réport;ng to the
Division) im order to accomplish approved programs."

* X *

Section 0103-48 FUNCTIONS AND DELEGATIONS IDAHO OPERATIONS OFFICE
Y
"481 Functions. The Idaho Operations Office is assigned the
following functioms:"

* ¥ ¥

"

c. assuring that all activities relating to the NRTS as a

Anpex G/1
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whole are carried ocut in a manner to guard the security,
-health and safety-of employees and .the public, and to
protect the4 property of the AEC, its contracts and the
public; such functions in the case of activities at RRTS
which are administered by other Operations Offices are

to be carried out in cooperation with those other

Operations Offices;"

* % %

"482 Responsibility of the Manager of Operations. The..
Ha.na,ger, Idsho Operations Office, is responsible to the Director,

Divigion of Reactor Developmexnt, :t‘or the performance of functions

--asséigned to the Idaho Operations Office. Specifically, the Manager

1s responsible for:"
* % %

"

¢. planning, directing and coordimating the work of the
Idaho Operations Office in order to accomplish approved
"

programs;
* % %

Section 0103-48 - FUNCTIONS AND DELEGATIONS IDAHO OPERATIONS OFFICE

* ¥ #®

ID Appendix 0103-485K DIVISION OF MILITARY REACTORS

"l. Functions. The Division of Military Reactors will:"

* ¥ ¥

Amyex G/2
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"(b) Provide technical review and control of assigned
Military reactor projects.

"(c) Plan and coordinate action necessary to the
effective, satisfactory, and timely accomplishment

of the assigned Military reactor programs."”

* % *

It should be noted that while the Division of Licensing and Regula-

tion has no "in-line" responsibility for management of the SL-1

reactor operations, the division has been assigned responsibility

for certain aspects of nuclear safety of reactors, as shown by

the following excerpts:

"Section 0103-08 FUNCTIONS AND DELEGATIONS DIVISION OF LICENSING

AND REGULATION

"081 Fumctions. The Division of Licensing and Regule.tiony is

assigned the following functions:

"f .

"

* % %

Developing health and safety standards, guides, and codes
for the desigm, operation, supervision, containment, and
location of all reactors including both AEC and privately
owned reactors. (Effective May 21, 1956)

Evaluating all reactor proposals with regard to designm,
operation, supervisiom, contaimment, and locatiom, on
the basis of established health and safety standards,

guides, and codes. This will include reviewing all per-

Annex G/3
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tinent. reactor hazard information. (Effective

May 21, 1956)

Coordinating all phases of the AEC's reactor safety

programs, assisting appropriate divisions in initiating

new or amplifying existing projects in this field, and
making such recommendations and suggestions as appear
necessary in various phases of these programs. Specifi-
cally, the following fumctions are included:.

1. to keep informed of all programs within the AEC re-
lating to understanding and minimizing the possibility
and consequences of reactor accidents;

2. to identify all requirements for further information
and areas needing further study;

3. to inform appropriate operating groups of programs
needing action;

k, to assist im further definition of principles leading
to acceptable balance between requirements of safety
and ecomomics of reactors;

5. to brimg together groups or parties having mutual
interest in particular safety problems;

6. to promote the interchamge of information on safety

programs; and

Angex G/b4
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T. to collect, orgamize, and transmit information from
originating groups on p#rticular areas or problems
of safety.”" (Effective September 13, 1957)
*x ¥

* % *

The following excerpts from the AEC Manual further define:

responsibilities for reactor safety determinations:

"CHAPTER 8401 REACTOR SAFETY DETERMINATION

"#8401-01 Purpose and Scope

"This Chapter provides a guide for the preparatiomn and processing

of reactor Hazard Summary Reports (See Sectiom -O4 below) amd for

the éuthoriza.tion of construction, modification, start-up and

operation of both licemsed and AEC~-owned reactors. Specifically,

it establishes:

"a-

AEC policy om evaluating safety anects of proposed mew
reactors or significant modifications of existing
reactors;

the responsibilities of the Director, Division of Civilianm
Application, Directors of Operating Divisions, Managers of
Operations amnd other officials in such evaluation; and
responsibility for authorizing the start-up and operation

of mew or significantly modified reactors.*
Anngx a/5
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"%8401 ~02 Policy -
"In order to. protect the health and safety of the. public, and

employees working in reactor facilities, and the safety of public
and private property, it is the policy of the AEC to evaluate

the potential nuclear hazards of each proposal .to bulld a new

reactor or to significantly modify an existing reactor to deter-

mine that the hazard which the reactor presents is acceptable.¥*
"8401-03 Responsibilities

"¥031 Assistant Gemeral Manegers shall, upon receipt of the recom-
mendations outlined im 8401-032(e), eand upon a positive determination

that the hazards presemnted by the proposal do mot comstitute an undue
rigk to the health and safety of the public, approve construction,
modifications, start-up and operatiom of the reactor under comsidera-

tion.

"#032 Directors of Operating Divisioms shall:

L

a. assure that Operations Offices urder their jurisdiction

apply the AEC reactor safety standards, guides and codes;
"b. review the Hazard Summary Report, together with any-

comments submitted by the Managers of Operations for

all reactors under their supervision, from the stud;

point of completemess and adeguacy, and obtain from the

contractor or Manager of Operatioms such information as,

in their opinion, is meeded to evaluate properly the

nuclear hazard associated with the facility;

Anpex G/6
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"¢c. prepare such comments &8 are considered appropriate
and submit them together with 18 copies of the report
to the Division of Civilian Application with a formal
request that an evaluation of the bazard aspects of
the reactor be made. This request should give some
indication of the urgency of the program under con-
sideration and should indicate what, if any, preliminary
advice and recommendations are needed prior to final
evaluation;

"d. obtain allv additional data needed by the Division of
Civiliap Application during its review of the subject
reactor; and

"e. transmit the Hazard Summary Report and comments by
the Division of Civilian Application to the appro-
priate Assistant Gemeral Mamager with s recommendation
concerning authorization of construction or operation
of the reactor.¥*

3 The Director, Division of Civilian Application, shall:

"a. develop health and safety standards, guides, and
codes, for the design, operation, supervisionm,
containment, and location of all reactors, both AEC

and privately owned;

-Annex G/7
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"b. receive and evaluate all Hazard Summary Reports
(submitted in sccordance with 8401-032 (c) amd AEC
Regulation 10 CFR 50, ‘Licensing of Production
and Utilization Facilities,') with regard to design,
operation, supervision, containment, location, and
all other factors affecting health and safety;

"e. obtain such .additional information as is needed to
carry out such an evaluation by formal request to
the appropriate Division Director in the case of AEC
react&s amd to the licensee or licemse applicant
in the case of privately owned reactors;

"d. obtaim advice and assistance as may be needed from
such sources as AEC or AEC contractor personnel,
private consultants and the Advisory Committee on
Reactor Safeguards (See Appendix 8401-033 for
charter for Advisory Committee on Reactor Safeguards);

e. for AEC reactor, furnish the appropriate Division
Director with the results of the hazard evalua.f,ion
together with recommendations concerning the advis-
ability (from a safety standpoint) of proceeding

. with the proposal and such specific comments on
the safety of the reactors as are deemed appro-
priate; and

%* * *
Annex G/8
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"%03h - Menager of Operatioms, im developing and administering

the programs under their jurisdictiom, are respomsible for the

..safe operation of AEC-owned reactors under their supervisionm.

Specifically, they shall:
"a. apply the AEC reactor safety stamndards, guides
and codes to reactor facilities under their Juris-
diction;

"b. obtain from the contractor a Hazard Summary Report
for each mew reactor or each significant modification
of an existing reactor; and .

"¢. review this report for completeness and adequacy,
vork out modifications and improvements with the
contractor and submit 20 copies, together with per-
tinent comments, evaluatioms and recommendations to

the operating division responsible for the program.%*

"#8401 -0k Hazard Summary Report

"Information to be included in a Hazard Summary Report is
covered in Appendix 8LOL-Ok.*

ID CHAPTER 8401 REACTOR SAFETY DETERMINATION

"8401-01 Purpose and Scope:

"Fhis issuance supplements AEC Chbapter 840l by establishing
responsibilities for IDO and its contractors in regard to

reactor safety determinations.

‘Amngx G/9
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'‘8h01 ~02 . Respomsibilities:

"021 The Directors of Operations and Military Reactors

Divisions, IDO, are responsible for: -

n(a)

"()

"(c)

"(d)

"(e)

ll(f)

The safe operation of and the applicatiom of

AEC reactor safety standards, guldes and codes

to reactors under their supervisiom. \
Obtaining from the contractor a Hazerd Summary
Report for each new reactor and each significant
modification of an existing reactor.

Determining when modifications are of sufficient
magnitude to require a Hazard Summery Report.
Prociuring staff assistance and comments from
Health and Safety Division concerning the Hazards
Summary Report.

Revieving each Hazard Report for completeness and
adequacy ard working out modificatioms and improve-
ments with the Contractor ia accordance with 7

10 CFR 50.3%.

Recommending appro-val and preparing for submittal
twenty copies of each Hazard Réport to the Divi-sion
of Reactor Development sixty days in advance of
initial criticality of the new or modified reactor

reported on.

Amnex G/10
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"022 The Comtractor is respomsible for:

"(a) Providing IDO with & Hazard Summary Report
ninety days in advance of initial criticality
for each new or sigmificantly modified
reactor. The report is to conform to 10 CFR
50.3% and 1s also to include an evaluation
of the maximum credible accident.”

Advisory Commitiee om Reactor Safeguards

The ACRS is established by Section 29 of the Atomic 'Energy Act

of 1951t, as amended, that section requiring that the ACRS
"...shall... review studies and facility license applications
referred to it and make reports thereom, advise the Commission
with regard to the hazards of proposed or existing reactor facili-
ties and the adequacy of proposed reactor safety standards, and
perform such other duties as the Commission may request”.

Argonme National Laboratory (University of Chicago)

Argomne's activities with respect to the SL-1 (then the ALPR)

were a part of the overall contractual obligation of the Umiversity
of Chicago to the Atomic Emergy Commission. No specific terms
relating to the operation of the SL-l reactor were included.

Combustiorn Engineering, Iac.

While Combustion Emgineering, Inc. (CEI), was not involved im the
design, construction, or initial operation of the SL-1 Reactor,

CEI was involved with the later operation of the reactor, in

Annex G/11
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modifications. to. the reactor facility, and the contimuation of
training of military personmel. The responsibilities assigued
to CEI are delineated im deteil im Article II, Statement of Work,

and Article XXI, Safety, Health and Fire Protecticn, amd in
each of the four subsequent modificatioms of Contract Ro. AT
(10-1)-96T7, between AEC and CEI, as follows:
Modification No. 4 (Comt'd)
Supplemental Agreement
Contract No. AT(10-1)-967

Article III - STATEMENT OF WORK (Comt'd)

M. Disclaimer. The Commission makes no warranty or
representation as to the quality, safe c'onditio;, working
cordition, state of repair or adequacy (for the purpose of
the work or otherwise) of any premises or item of equipment
of material of amy kind coming imto the possession or comtrol
of the Comtractor or to be us'e>d by it in the performance of
the work.

Article XXI - SAFETY, HEALTH AND FIRE PROTECTION

The Contractor shall take all reasomable precautions in
the performamce of the work to protect the health amnd safety
of employees and of members of the public and to minimize danger
from all hazards to life amd property, and shall comply with all
health, safety, amd fire protection regulatioms amd requirements

(including reporting requirememts) of the Commissiom. Im the
‘ Annex G/12
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event that the Comtractor fails to .comply with said regulations
or requirements of the Commissiom, the Comtracting Officer may,
without prejudice to amy other legal or comtractual rights of
the Commission, issue am order stoppimg all or amy part of the
work; thereafter a start order for resumption of work may be
igsued at the discretioa of the Comtracting Officer. The
Comntractor shall -.k.el no claim for am extemsion of time or for
compensation or damages by reasom of. or in couection with such

work stoppage.

Amnex G/13
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ANNEX H

CHROROLOGY OF PLANT OPERATION

Attached is a.chart of energy produced by the SL-1 versus
time. Test periods, critlcality experiments, planned and
unschéduled shutdowns and reasons are indicated on the chart
and the legend.

Also attached is a chronological summary of events which
occurred during operation. This swmmary covers the period
February 5, 1959, when Combustion Engineering began operating

the plant, to January 3, 196l.

Annex H/1
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DETATLS. OF. UNSCHEDULED SHUTDOWRS

A’rout.:lne check on the head gasket vapor leak-off line
revealed the failure of the. head gasket. The apparent
cause was suspected to be due to a faulty gasket or
improper gasket seating. The plant cperation was cen-
tinued to determine if the inner gasket would reseal
itself. After 10 hours of operatien the gasket still
lesked and it was decided to secure the plant and replace

the gasket.

When the reactor was shutdown at the end of a five day
period of operatien, the rods were all drepped individually
freﬁ 30 inches under hot conditions. Rod #7 hung up at
approximately four inches. The apparent cause of the red
failure was suspected te be binding in the rod seal or
back up roller. On May %, 1959, when the plant was started
up again, the hot red drop test on red #7 was repeated.

The rod showed no signs of sticking bduring this test so the

reactor was brought up te power fer a five day rum.

On May 4, a steam leak developed in the purification system
while the reactor wes at power. The reactor was secured and
the leak isolated. Health Physics detection precedures were
follewed and the centaminated area cleaned. Plant operation

wvas resumed on May S5 after a downtime eof eight heurs.
Annex B/2
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L. & 5. The reactor was. secured. for one shift on May 1kth and one

shift on May 15th, because of loss of vacuum in the gland

ejecter system. The reactor was shut down on May 18th

while the gland air ejector was repaired. A discugsion
of the maintenance activities performed on the gldnd
ejector system may be found on page 6% Plant downtime

totaled 61 hours.

On May 20, contrel rod drive #7 falled te meet the hot rod

.drop t:!.me requirement of two secends for 30 inches travel.

Following a preliminary investigation of causes for ’sticking,
the plant was secured and the mechanism was replaced.
Details of the replacement sequence are presented on

page T%* Plant downtime totaled 22 hours.

Main condenser fan motor tripped out causing the reactor to
scram due to main condenser high pressure. Apparent cause
was a short circuif in one phase of the motor stator.
Attempts were made to reset the motor thermal overload;
failure of this action necessitated orderiy shutdown of

the plant.

The 1000 hour sustained power run which sterted on June 5
was completed on July 17. During this time steam was gener-
ated by the reactor for approximately 99.5% of the time.

There were, however, four brief occasions when the plant

* Operating Plapt Log Annex H/3
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wvas not generating steam. Two were due te accidental scrams
which could have been prevented and one was a planned test to
cbtain operational data. There was only ene shutdown re-
quired for repairing three leaking valves that prevented

the plant from generating steam for a peried of 75 minutes.

$;§h¢§9

9.

The primary reactor water level recorder stuck at -1 inch
causing the feedwater valve to clese allewing the hotwell
to £111 and give a hotwell high level alarm. The cause was
tube failure in the Hayes liquid level lindicator. Replacing
these tubes will scram the reactor. In an attempt te place
8 Jumper across the scram contactors, the reactor wes

accidentally scrammed.

305

10.

Condensate in the lire started leaking from the air cooled
after condenser. The apparent causes were damaged gaskets
and a small leak in the coeling coils. The air ejectors
were secured, the reactor "bottled up" and maintained at

300 psil pressure and the condenser was removed for repairs.

M/R #7
9/18/59
11. At 1140 hours en September 18, 1959, an attempt was made to

start the purification pump. No suction could be obtained
on the pump. The suctien line for the purificatien pump

terminates in the reactor vessel at a level that is
Annex H/b
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appreximately at the mid-plane ef the reacter core. With
the purificatien pump.in operation and with the present
piping arrangement in the purification and retentien tank
systems, it is pessible to pump water out ef the reactor
and inte the retentien tank. The water level in the reten-
tion tank was checked and was observed to be nearly full.
This tank is nermally kept at less than ene-half full. It
was concluded that water from the reactor was pumped into
the retentien tank lewering the reactor water level to
about 11" belew the top of the core. All valves were in
preper pesitions when checked after this incident. Any one
of six valves te the retentien tank could have been epened
or partially opened during eperatien of the purificatien
system allowing reacter water te be remeved frem the pressure
vessel. The follewing steps were cempleted after it was
determined that the reacter water level was lew: (1) Plant
instrumentatien was turned on. (2) Radiation readings were
taken abeve the reactor vessel. Theée ranged frem .9 te

5 r/hr.(3% contrel rod plug was remeved frem the reactor
head and frem a distance twe heses were inserted inte the
plug opening. (&) Water was added te reacter vessel and
the level returned te nmormal. (5) Background resdings ef
abeut 20 mr/hr were recorded. (6) Radiatien readings were

taken at the epening in the reacter head as water was added.
Annex H/S
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Frou-this data. it was .determined.that the radiatien level

.at the head epening was 1000 r/hr when the water was at its

lewest point. (7) Film badges were collected for immediate

precessing. There were no everexposures.

At 0238 hours the reacter scrammed. The apparent cause
wvas an electrical transient in Channel I that caused the
needle in the pewer level circuit te deflect up-scale

and strike the scram actuating contracter. There was ne ’
permanent indicatien fer the cause eof this transient.

As there was ne permenent indicatien eof treuble fellewing
the firat scram, the plant was returned te pewer. After
the secend scram, the plant was iselated by preper valving
to retain pressure and Channel I power supply was remeved
fer repairs.

On October 27 there was ne steam flew fer a fifteen minute
peried while a valve gasket was replaced. The plant was

maintained at 300 psig while the repair wvas made.

The nuclear instrument ventilating air fan was being in-
stalled and a wire was sherted te ground, blewing fuse L-3.
Fuse L-3 alse supplies power teo the centrel red clutches.
This caused the centrel reds te drep te zere inches.

Replaced L-3 fuse and returned reacter te pewer.
Annex H/6
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A - The isolation valves for the reactor steam and the

.. main steam pressure gages were leaking sufficiently to
.require repairs. The apparent cause was damaged asbestos
..gaskets. The main steam gage valve is downstream from

the main steam valve MS-1. The reactor was msintained

at temperature and pressure with MS-1 clpsed while the
asbestos gasket was replaced.

B - The isolation valves for vthe'reactor steam and the
main steam pressure gages were leaking sufficiently to
require repairs. The apparent cause vas damaged asbestos
gaskets. The reactor gage valve is upstream from the
maln steam valve MS-1 and its repair requires being at
atmospheric pressure. The plant was blown down to

atmosphere and the ring sheet asbestos gasket replaced.

Normal procedures call for securing the reactor venting
valve when reaching temperature and pressure i)rior to
passing steam. In attempting to secure this one-inch
stainless steel globe valve it was found to be frozen
open. Reactor pressure was reduced to atmospheric and

the valve removed for inspection.

Annex H/"{
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17. On November 1b.plant staptup was.delayed nine hours and
ten minutes while the primary side of the simulated heat
load heat exchanger was thawed out. This unit froze when
the secondary coolant, which contains anti-freeze protec-
tion, cooled to less than 32° F and froze the condensate in
the primary side of the heat exchanger.

b3

18. The main steam inlet isolation velve for steam trap #1

was leaking sufficiently to require immediate repair.

The main steam stop valve (MS-1) was closed to bottle up
the reactor vessel at 300 psig while the bonnet gesket on
the inlet valve for steam trap #1 was replaced.

M/R #12

10/19/59-A

10/20/59-B

19. Continued oscillations in the maln condenser vacuum were

traced to the controlling action of the turbine governor.
The apparent cause was originally thought to be a sticking
valve stem in the turbine governor throttle valve. It was
later determined that the cause was in the governor unit.
The reactor was bottled up at 300 psig and the turbine
goverhor throttle valve was removed and the stem was found
bent. A temporary repair was made by polishing the stem

and reaming the valve bushing.
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Continued oscillations in the main condenser vacuum were
traced to the controlling action of the turbine. governor.
The apparent cause was originelly thought to be a sticking
valve stem in the turbine governor throttle valve. It was
later determined that the cause was in the governor unit.
When the.governor oscillations persisted the governor oil
was changed and the compensating adjustments reset in
accordance with the recommended 500 hour maintenance

requirements.

M/R #14
14/29/59

20.

M/R £

Operator error; the wrong fuse was pulled. The three power
lines to the bus tie breaker are individually fused. One
of these fused lines (NA) also supplies power to the turbine
generator lock out relay. While attempting to check the
fuses, \NA was inadvertently pulled causing loss of power
to the .lock out relay. The turbine throttle then tripped
shut and caused the reactor to scram upon loss of control

power.

15
2/8/60

21.

Electrical - Defective Station Auxiliaries, Circuit Breaker.
The Station Auxiliaries Circult Breaker kicked out stopping
the feedwater pump, condenser fan, and related equipment.

The breaker could not be reset immediately because of residual
Annex H/9





SL-1 ACCIDENT INVESTIGATION BOARD’S REPORT 83

-beat in tripping mechaniem. .. The dummy.-load was dropped

....from the turbine generator and.an attempt was.made to

/R f16-
2% 60

parallel with Idaho Power when the reactor scrammed.

- The-high voltage power cable -for Channel IX shorted

. .causing. the reactor to scram. The cable was replaced.

Yt
23.

- An.operator in training had started the turbine geperator

- following normal startup. procedures whj.l.eﬂxpem.ed by a

qualified plant operator.. As the turbine was being loaded

. 4in 60 KW increments the. steam throtile tripped shut causing

~loss . of all electrical power and scramming the reactor when

_M/R #18
2/11/60
2h....

the turbine generator was loaded to approximately 50%.

‘The control room rod-#7 position indicator showed rod #7

..stuck at 10.6 in..following & reactor scram. Investigation

..revealed the negator spring had unwound from the. rewd.nd spool

--and.as the rod dropped, the loose spring disengaged the posi-

“tion .indicating selsyn gear train rendering the selsyn and

- the.motor drive micro switches inoperative. The rod bottomed

on the dampening springs but the drive motor continued to
drive in, a8 in a stuck rod condition, shearing the pinion

shaft key.

Annex H/10
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S

25. Channel II, the linear pover scram cirecuit, was not
functioning properly. There was no sisﬁal to Channel
II. The trouble was traced to a shorted signal cable
from the detection chamber to the amplifier.

VB

26. At approximately 0700, March 1, 1960, main condenser
‘pressure started to increase and the cause could not be
located. By 0800 low main condenser vacuum started to
- affect turbine operation and in attempting to switch the
plant electrical load from the SL-1 turbine to Idaho Power,
by i:eralleling, the turbine tripped due to overspeed and
the reactor scrammed st 0822. ‘

Y95

_ 27. The station auxiliaries breaker trippedﬂ out and before the
condenser fan could be successfully returned to opera.tion,
the reactor scremed from high condenser pressure. The
station a.uxiliaries brea.ker was reset and the vessel vas

bottled up at 300 psig while the reactor was returned to
powef.

';’72/’”

8. The turbine governor failed to regulate at full power operatior
Annex B/ 11
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Low.generator freguency resulted effecting the feedwater
control circuit. The feedwater valve opened but the pump
discharged dropped due to low frequency and under voltage.
When the generator recovered the feed pump immediately
pa.sseﬁ in excéss of 1000#/hr through the open feedwater
valve. A cold ﬁa.ter transient followed scramming the re-
actor at 4.5 MW(t) on high flux Channels I and II. The

reactor was returned to operation at 80%/full power.

e

29.

Reactor scrammed during normal operation from a falge high
wa.ﬁer level. Analysis of recorded operatiﬁg da.ta. following
the scram indicates thgt the reactor water ievel indicator
d:row;e .high (off scale) instantaneously, causing the. scram.
Its operation before and after the malfunction a.ppe?.rs
normal. The reactor was secured at pressure and a.bnorml

re-gtartup followed.

"
gfgo%o

30.

At 2200, April 20, 1960, the canned rotor purification pump
failed and could not be restarted. The purif:l.cation system
was s_ecured and the pump tagged out. As the reactor water

quality was gc;od, it was not necessary to 1mmediat§1y secure

the reactor and plant.

Annex H/12





&6 SL—1 ACCIDENT INVESTIGATION BOARD’'S REPORT

M/R #25
5/1 /60

31. The station suxiliary breaker which supplies electrical
power to all plant auxiliaries tripped. The time delay
required before the breaker could be reset allowed condenser
pressure to increase 5 psia automatically scramming the
reactor at 0103 hours. The plant was secured with the
reactor at pressure. The station auxiliary breaker was

reset and a normal hot startup performed.

7y

32. The station auxiliary breaker which supplies electrical

| powér to all plant auxiliaries tripped. The time delay
required before the breaker could be reset allowed condenser
pressure to increase 5 psia, automatically scraming at 2110
hours. The plant was secured - with the reactor at pressure.
The stationaauxiliary breaker was reset aﬁd'a normsl hot
startup per:i’drined. R

)6%‘ 6o7 ‘

33. The lower screen in the mixed bed resin container ruptured.
It was discovered when resin from the mixed bed column plugged
the feedwater filter. The resin was cleaned out of the systen
{the resin was approximately 15 mr) and the mixed ‘bed column
was changed to mixed bed resin and an attempt was made to

return the reactor water to eperating quality.

Annex H/13
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During a military training period the steam supply was

. reduced.to the turbine and caused a fluctuating power

9

\\
\‘r%“

Tl

35.

output from the generator. Fuses blew in a voltage
regulator and in the power supply to Nuclear Channel I
and Channel IV. The reactor scrammed from less of power
to Channel I. The fuse was repliaced and a normal hot

startup performed.

Steam was visually observed blowing into the operating
floor from under the reactor for shielding. The reactor
was . scrammed, the shielding was removed, and the vessel
head was inspected to determine the origin of the leak.
Water from a leak in No. 5 centrol rod drive seal appeared
te have saturated the reactor head insulation and reactor
heat was generating the steam. The water leak was repaired
and the reactor was returned to temperai;ure and pressure to
check for additional leaks. Water leaks were found at the
inlet and outlet coéling water fittings to Contrel Rod

No. 7. A steam leak was observed in the Control Rod #7
rod drive housihg. The leaking swaglock fittings were

replaced and the Control Rod #7 drive housing was replaced.

Annex H/1h
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M/R #30
7/16-18/60
36. = During stariup the reactor was scrammed on five separate
occagions from sbnormal .operation of Nuclear Channel Fo. 1.
Follewing each scram, all components of the channel were
ingpected to locate the source of the spurious signal.
- The trouble could not be located and the channel was.
returned to the scram circuit.

etk

37. Steam was visually observed blowing into the operating
| floor from under the reactor top shielding. The reactor
vas scrammed and the top shielding was removed to determine
- the location of the leak. Steam wags found leaking from
Ko. 3, No. 7 and No. 9 control rod seals. A rubber "0O"
ring  and a neoprene shaft seal was replaced on the leaking

control rod gland seal housing units.

M/R #3

7/28/60

38. A scram vas caused by a reactor high water level. The high
water level imdiately corrected itself se the reactor
vas returned te power after & normal startup.

wie

39. . Steam leaks developed in three original welds in the main

steam system. Water leaks were found in twe screwed fittings
Annex H/15
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on the reactor water lines to the purification shutdown

cooler. The reactor was scrammed to repair the leaks.

M/R #34
8426/60

Lo.

Prior te 0247 hours August 26, 1960, a large quantity of

used nuclear grade resin was added to the hotwell. The

.exact method or time that the resin was added to the hotwell

bas not yet been determined.
On Oct. 24, 1960, the reactor was accidentally scrammed

wvhile connecting PL scram signal to the reactor scram circuit.

#35
l9%5/60

ki,

kia.

M/R #3

The bresker on the condenser fan tripped and would not reset.
The breaker apparently overheated. Upon less of the fan,
the condenser pressurized and the reactor scrammed. The
breaker was reset and the reactor was returned to power.
The reactor was secured feor six hours when the plant operator

became incapacitated and ceuld not be immediately replaced.

6

12/3/60

ko,

As outside ambient temperature decreased, the main air con-
denser mixer and exhaust dampers automatically adjusted to
maintain e 40° F inlet air temperature. The exhaust dampers
slipped on the motor drive shaft and shut, resulting in high

condenser temperature and pressure. The operator immediately

Annex H/16
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reduced.steam flow 1o prevent an. automatic. scram due to
condenser ‘high pressure. As steam flow wes reduced resctor
pressure increased and the plant scrammed automatically at
325 psig. .Norﬁal shutdown procedure was fellowed. The
exhl.ust v.da.mpers were temporarily locked at the desired
position and a routine startup performed.

4%

43, During a normal plant check, the cendenser circulating pump
motor was found to be overheated and before it could be
secured the motor shorted and stopped.

R #38
bR,

by, The utility bus breaker supplying power te the motor control
center tripped, causing loss of the main condenser fan.
Before steam flow could be reduced the main condenser became

~pressurized and autematically scrammed the reactor.

Amnex H/17
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Allen C. Johnson
Manager
Ideho Operations Office

Militery Reactors Division
) V. V. Bendrix, Director
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ANNEX K

MALFUNCTION REPORTS

On June 3, 1959, in a letter from V. V. Hendrix to W. B. Allred,
C.E. I. was instructed to submit reports on incidents in accord
with the following criteria as of June S5, 1959. The company was
to submit reports on previous incidents concerning the pressure
vessel gasket. leak; air ejector problems; Rod #7 malfunction and
condenger fan motor failure.

Criteria for Reporting Malfunctions

. 1. An occurrence resulting in a resctor accident or physical
damage to the core or primery plant components.

2. An equipment flilure vhich causes a reactor scram or
plant shutdown.

3. Repeated failure of equipment to remain in adjustment.

L, An overexposure of personnel to radiation in excess of
established tolerances.

5. A fire or normal industrial accident that affects power
plant opération.

SL-1 Mfunction Reports

Date - Time Malfunction

1. k/2/59 2:66 pn , The inner gasket on the reactor
(1/27/59)Y/ cantie1a/ vessel failed.

2. 5/1/59 . 8:25 pm Rod #7 stuck under full free fall
(7/27/59). Canfield conditions at temperature and

pressure.

3.  5/ik/s59 12:00 noon - Failure of gland ejection leak off

(7/21/59 Rausch system to meintain & vecuum.

1/ Dates in parenthesis are dates of report.

y Names repregent persons who submitted report. Underlined names
represent members of the Cadre.

Anpex K/1
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Date - Time Malfunction .
k. 6/2/59 10:47 am Loss of power to main condenser
(7/21/59)  Reusch fan motor. . -
5.  T/1k/59 10:00 pa Electronic - Bad vacuum tubes in the
(7/27/59)  Crudele Hayes Liquid level indicator.
6. 8/3y59 11:45 pm Condensate in the line started leak-
(9/1/59) . Crudele ing from the air cooler after
condenser. The apparent causes
were damaged gaskets and a small
legk in the cooling coils.
7. 9/18/59 11:40 The reactor wvater vessel was estimatet
(9/22/59)  Crudele to be .about 11" below the top.of the
core, causing the radiation level
above the reactor vessel to increase
to about 5 K%
8. 9/24/59 2:38 am Electronic failure ~ The power
(9/30/59) 7:07 am supply in the Channel I linear
Crudele power level circuit falled.
9. 11/9/59 11:17 pm Fuse L-3 blew removing power from
(11/19/59)  Crudele, J.S. the control rod clutches.
10. 11/13/59 2:30 am Mechanical failure of reactor
(11/17/59)  Rausch venting valve.
11. 11/11/59 6:1Tem 10:20 am A & B - Mechanical failure of steam
(11/17/59)  Rausch valve bonnet packing.
12, 11/19/59 12 5T pm Mechanical failure - turbine governor
11/26/59 9:45 am failed to control governor.
(11/30/59)  Canfield
13. 11/1759_ 11:30 pu Mechanical failure - Excessive steam
(12/2/59) Canfield leakage of steam valve bonnet packing.
14, 12/20/59 9:45 am Operator error - wrong fuse vas
(12/20/59)  Feil pulled.

Anmex K/2
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17.

18.

19.

23.

2k,
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Date - Time

2/8/60 2:43am
(2/8/60)  Curran.

60 : _
Rl T
2/11/60  T:20 am
(2/11/60) Rausch

60 :
GAeS, L

2/15/60  10:40 am
(2/18/60) Canfield

3/1/6 8:
( gﬁ;&o)) » Ho%ioraxl
60 8:40
(3%2460) l{o‘bso:m

3/6/60 1:35 am

(3/7/60)  Bishop

4/12/60  10:50 pm
(4/14/60) Rausch

kf20/60  10:00 pm
(4/22/60) Rausch

70593 0—61——8

mfunction

Electrical - Defective Station
Auxiliaries Circuit breaker.

Loas of Power (high voltage) on
Channel II (Safety Channel)
shorted cable.

Not determined at time of report.

The negator spring for Rod #7
unwound from the negator rewind
spool causing damage to the
rod drive mechanism.

Electronic - Channel II, the linear
power scram circuit, was not
functioning properly.

Design failure.

Electrical - The design auxiliaries
breaker tripped out resulting in
a reactor scram.

Mechanical - failure of turbine
governor valve to regulate at
full power.

Reactor scrammed during normal
operations from a false high water

- level. Analysis of recorded operat-

ing data following scram indicates
that the reactor water level indi-~
cator drove high (off scale) instan-
taneously causing the scram. Its
operation before and after the mal-
function appears normal.

The canned rotor purification pumps
failed and could not be restarted.

Anzex K/3
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Date - Time

25. - 5/1/60

(5;2;60)

26. 5/8/60
(5,414/60)

.27. .6[3/60

( /6;60)

26. 6, 20/66
(6/20/60)

29, 7/16/60
(7;16;60)

30. 7/16/60
7717;60
7/18/60
(Trefeo

31. T7/24/60
(7;26;60)

12:58 am
Rausch

9:02 pm
Rausch

9:43 mm
Canfield

k:57 am

Rausch

5:59 am

Rausch

6:40 am

Duckworth

Malfunction

The station auxiliary bresker which
eupplies electrical power 1o all
plant auxiliaries tripped. The time
delay required before the breaker
could be reset allowed condenser
pressure to increase 5 psis,. auto-
matically scramming the reactor at
1:03 am.

Same malfunction - reactor scrammed,
et 9:10 pm

The lower screen in the mixed bed resin
container ruptured. It was discovered
when resin from the mixed bed column
plugged the feedwater filter.

During a military training period, the
steam supply was reduced to the tur-
bine and caused a fliuictuating power
output from the generator. Fuses blew
in a voltage regulator and in the
power supply to nuclear Channel I

and Channel IV. The reactor scrammed
from loss of power to Chamel I.

" During a normal plant startup, a steanm

leak was observed in the reactor top
area. Water was leaking from Fo. 5
control rod seal housipg and from No.
7 control rod inlet and outlet cooling
water fittings. Steam was leaking
from No. T control rod housing.

During startup, the reactor was scrammed
on five separate occasions from ab-
normal operation of Nuclear Channel I.
Downtime in minutes - 5 - 5 - 10 - 10 -}

After a plant startup following a train-
ing scram, steam was observed in the
reactor top area. Seals on the gland
water housing unite of control rods

Amnex K/b
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3.

35.

36.

37.
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Date - Time

(7%28%0)

8/22/60
(8;312460)

Prior to

10/25/60
(10/25/60)

60
(2Rf6)

12/7/60
(1273460)

3:55 am
Duckworth

10:45 pm
Duckworth

2:47 am
Duckworth

5:43 am
Duckworth

1:1k am
Rausch

10:22 am
Rausch

Malfunction

No. 3, Ro. T and No. 9 were leaking.
The gland water seal housing on the
three control rods were disassembled
and the rubber "0" rings and Neoprene
gcales were replaced.

A scram was caused by a reactor high
water level.

Steam leaks developed in three
original welds in the main steam
system. Water leaks were found in
two screwed fittings on the reactor
water lines to the purification
shutdown cooler.

A large quantity of used nuclear
grade resin was added to the hot-
well by an undetermined method.

The breaker on the condenser fan
tripped and would not reset. The
breaker apparently overheated upon
loss of the fan, the condenser
pressurized and the reactor scrammed.

As outside ambient temperatures
decreased, the main air condenser
mixer and exhaust dampers auto-
mtically adjusted to maintain a

40° F inlet air temperature. The
exhaust dampers slipped on the
motor drive shaft and shut result-
ing in high condenser temperature
and pressure. The operator immed-
iately reduced steam flow to prevent
an automatic scram due to condenser
high pressure. As steam flow was
reduced, reactor pressure increased
and the plant scrammed automatically
at 335 psig.

During & normal plant check, the
condensate circulating pump motor
was found to be overheated and
before it could. be secured, the
motor shorted and stopped.

Annex K/5
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Date - Time Malfunction
38. 12/16/60 6:30 am The utility bus breaker supplying
(12/19/60) Rausch pover to the motor control .center

tripped causing loss of.the main
condenser fan. Before steam flow
could be reduced, the main condenser
became pregssurized and automatically
scrammed the reactor.

Amnex K/6
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OPTIONAL FORM NO. %0
w104

UNITED STATES GOVERNMENT

Memorandum
ARNEX ¥
TO : Curtis A. Nelsom, Director DATE: February 13, 1961
Divieion of Inspection

FROM ! Forrest Western, Deputy Director
Office of Health and Safety

SUBJEGT: IMPLICATIONS OF AN SL-1 INCIDERT TO PUBLIC IN A POPULATED AREA

In response to your request for a statement "as to the impli-
cations of an SL-1 incidemt to the public in a populated area,”
the following discussion is based in part on the information
provided you by E. B. Johnson in his memorandum of February 1,
1961. This discussion is swummarized as follows:

SUMMARY

If the SL-l incident bhad occurred in a populated area, persons
outside the exclusion area would not have received serious

doses of radiation during and immediately following the explosion.
It is unlikely that amy such persom would have unavoidably re-
ceived a radiation dose larger than he would be permitted on an
annual basis under current standards of radiatiom protection;
that is 0.5 rem (500 mrem). Depending upon such factors as
relative location of nearest residents, meteorological conditions,
and seasom of year, institution of countermeasures to limit
exposure to radiation dAirectly from the reactor or from foods
produced in the immediate area might be required within periods
of time ranging from several howrs to two or three days. Appro-
priate measures might include the erection of a shield around .
the reactor building or alternatively the evacuation of persons
living adjacent to the exclusion area; the control of certain
foods; and the administration of stable iodine to reduce the
uptake by the thyroid of radiolodine ingested or inhaled. It

is likely that the biological effects of exposure to radiation
would be much less important than other effects such as emotional
stress, inconvenience, and economic loes.

The above conclusions are based upon the following considerations:

It would be desirable to consider separately those exposures to
radiation and to radiocactive materials which would have occurred
before effective countermeasur¢s might have been taken and those
exposures which could be avoided if effective countermeasures
were preferred. It 1a also necessary to consider that the same

(continued)
Amnex M/1
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geries of events in the reactor may be expected to produce
8 different set of results in a populated area due to differ-
ences in such factors as

(1) the design of the reactor building;

(2) the size of the exclusion ares;

(%) seasonal and meteorological conditions;

(4) relation of local vegetation to food supplies, etc.

As a first approximation to the assessment of the effects on

a populated area, one estimates the radiation doses which would
have been received by persons in the vicinity of the SL-1 area
during and following the accident. Some of these estimates are
bagsed upon measurements at the locations for which the estimates
are made and are considered to be reasonably good; others are
extrapolations supported by secondary information and are con-
sidered to be "ball park" figures. All estimates are "out-of-doors"
exposures. Exposures of persons imdoors would be less, depending
upon construction and other factors.

1. Prompt gamma and neutron radiation from the nuclear excursion.

The memo cited above quotes an estimated dose of 300 millirem
at the boundary of the exclusion area.

Shielding around the reactor would have effectively prevented
any radiation from this source, except a small amcunt which es-
caped through the top of the reactor and was scattered back by
materials in the building and by the atmosphere. I believe the
estimate is probably on the high side.

It may be observed that the dose received by persons at
greater distances would be much less tham at the boundary; e.g.
at 500 feet from the boundary the dose from this source would be
less than one~tenth that at the boundary.

2. Whole body exposure to gamma radiation from radioactive
materials released from the building to the atmosphere.

Persons near the path of the released activity? as they moved
downwind, would receive doses of radiation which weuld depend
upon effective distance and time of exposures.

{continued) Amnex /2
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The total radiation dose measured out-of-doors over a period
of several days on film meters at & point 0.8 miles south of
the SL-1 was less than 10 millirems.

By extrapolation from secondary observations, the following
corresponding radilation doses at other locations were estimated:

Boundary of exclusion area (downwind) < 100 mrem
Atomic City, 5.3 miles from SL-1 < 1 mrem

East of Atomic City, center of radioactive
plume < 3 mrem

3. Radiation dose to the thyroid as a result of imhalation of
radioiodine.

From measurements of radioiodine removed from the air by
continuous samplers, the following total radiation doses to the
thyroid were estimated:

Atomic City 1 millirem
East of Atomic City 3 millirem

By extrapolation, corresponding doses nearer the SL-1 were
estimated:

Boundary of exclusion area 100 millirems

0.8 miles south of SL-1 10 millirems

Although only a fraction of the radioactive materlal escaping
to the atmosphere from the building 1s believed to have escaped
during the first several hours following the accident, without
detailed knowledge of possible variations in wind direction, one
cannot conclude what fractions of the above doses may have been
received 1n corresponding periods of time.

Ik, Radiation doses which could be largely avoided by effective
countermeasures.

(a) Radiation from radicactive materials in the reactor
building.

continued
( ) Annex ¥ /3
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. Becauge the reactor had been shut down for 10 days preceding
the accident, the level of radiation from the radicactive
material in the reactor was decreasing rather slowly (about

- one-half in sixteen days.). Total radiation doses from this
source during the first few days following the accident would
be nearly proportional to the length of exposure. The follow-
ing dose rates were observed:

At the nearest bounda.ry of the exclusion area,

120 feet from the reactor, sbout 600 millirem/hour
300 feet from the reactor, sbout 90 millirem/hour
2,000 feet from the reactor, less than 2 millirem/hour

If the reactor had been located in a populated community with
the same exclusion area, persons living adjacent to the boundary
of the exclusion area would have required some countermeasure
(e.g., evacuation within the first few hours) to have avoided
excessive exposure from this source.

(b) Radiocactivity in food.

Depending upon the locatlion and the season of the year, occurrence
of the SL-1 accident in a populated area might bave resulted in
excessive quantities of radioiodine in food, particularly vege-
tables and milk. While no vegetables were involved in the SL-1 -
incident, maximum concemtrations of radioiodine on sage brush
indicate that vegetables growing downwind from the reactor might
not have been useble for several weeks after the accident.

The nearest cows were several miles beyond Atomic City. On the
basis of concentrations of radioiodine observed in samples of
milk taken from farms in this area;, it was estimated that the
total dose to the thyroid of a child from daily use of the milk
would be less than 100 millirems. By extrapolation based on
comparative concentrations of radioiodine in the environment at
other locations, it was estimated that if the cows had been at
locations nearer the reactor, daily use of their milk could have
resulted in the following total doses to the thyroid:

(comtinued)

Hd
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Atomic City 300 millirem
East of Atomic City 900 millirem
0.8 miles south of SL-1 3 rem

These numbers are not directly applicable to other areas and
seasons of the year because of differences in feeding. They
do suggest, however, that if the accident had occurred in the
midst of a milk producing area, control messures to avoid ex-
cessive concentrations of radioiodine ig milk might have been
necessary.

Annex M./S
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CHAPTER I1
S81~1 Rod Drive
Description: (General) Figures 8-10

The core structure of the SI-1 is designed to accomodate nine
control rods, although only five are presently being utilized.
These five control rods are composed of cadmium sheets with
aluninuwm-nickel alloy cladding and are of cross type comstruction
(see Figure 1). The remaining four unused control positions will
accomodate "T" type control rods.

The control rods in their fully inserted position in the core
extend 3 1/8 inches below the nominal lower fuel dimension. Stain-
less steel bell-Jjoint end fittings are attached to the upper ends
of the control rods. These are used to connect the control rod to
the rod drive mechanism by means of a ball joint gripper located
at the lower end of the rod drive extension shaft. A set of con~
centric springs located in the upper portion of the housing acts
as a shock absorber and positive stop during rod drops. (see
Figure 2)

Vertical linear motion is imparted to the rod by a rack and
pinion gear. fThe rack and pinion gears, the pinion support bear-
ings, and backup roller operate in a saturated steam atmosphere
above the reactor vessel.

A seal is used vhere the pinion drive shaft penetrates the
rack housing. This seal assembly consists of a five element
labyrinth pressure breakdown seal. The seal bhas 5 stationary and
5 floating rings. The guide bushing is fluted to allow easy pass-
age of the water that is introduced between it and the seal
elements. This water provides cooling for the seals and prevents
outward steam leakage by assuring a flow of water into the reactor
vessel. Leakage thru the seal assembly is collected by a lantern
ring and returned to the condensate tank.

The control rod drive motor and position indicator assembly
are located outside the concrete biological shield above the
reactor vessel. A universal coupling conmects this assembly with
the pinion drive shaft.

The transmission assembly consists of 2 clutches, and 2
springs. An electromagnetic clutch is used to transmit the force
necessary to drive the control rod in either direction. If the
electromagnetic clutch should fail, the cam clutch, vhich is
unidirectional, will drive the rods down.

'

Amex N/2
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The rod drives were designed for opersation with two negator
springs attached to each pinion shaft to limit free fall shock
forces. Control rod operation of SI-1 bas revealed that rod drop
times increase following reactor shutdown. A buildup of particu-
late matter was observed to occur in the water seal rings, pinion
bearings, bushings, and rack housing areas. When this buildup
interferes with rod performance and prevents the rod from meeting
prescribed rod drop zequirenents (4 feet per second approximately)
the condition can b¢ temporarily corrected by removing one of the
negator springs. The negator springs are mounted just above the
‘pinion support bearings.

A gear on the negator spring drum drives the gear train that
is coupled directly to the position indicator synchro-transmitter
and micro switches. This arrangement assures the operator of
positive position indication at all times during operation. The
micro switches are used to operate the upper and lower limit
svitches, comtrol panel indicating lights, and electric motor
interlocks. Adjustment of these micro switches is the responsi-
bility of the instrumentation section.

Control rod travel is limited to 2.85 inches per mimute for
the k outer control rods and 1.85 inches per minute for the center
control rod. :

There is no gang switch for control rod operation. All rods
are vithdravn and inserted individually utilizing a selector
gwitch wired to a single drive switch with the exception of #9.
This 18 the only rod that has an individual drive switch and
can be driven independently with regard to direction in reference
t0 any other rod movement.
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Removal of Control Rod Drive

1. Conditions to be satisfied before the unit ¢an be removed

a. Reactor scrammed and brought to atmospheric pressure.

b. Reactor wvater level raised to bottom of plug nozzle
in reactor head.

Removal of Motor and Clutch Assembly. (Reference Figure #3)

1. Disconnect electrical comnection (L) to isolate umit
electrically.

2. loosen 2 set screws (#2) and slide coupling off spline.

3. Remove k hold down bolts and remove motor and clutch
assembly.

4. Manually slide control rod drive shaft from concrete
shield block.

NOTE: This procedure is identical for all rods.

Remove Biological Shieldings.

1. Remove top shield plug utilizing & spreader ber and the

overhead crane. This plug is constructed of laminated steel and
masonite.

2. Remowve the. four key blocks using the overhead crane.

3. MNove the five concrete blocks away from the reactor vessel
using chain sling and overhead bridge crane.

Remove Rod Drive Mechanism (Reference Figure fi)

1. Secure feedwater valve to isolste rod drive geals from
feedvater pump pressure.

2. Disconnect inlet and outlet lines to rod drive seal
assemblies. (#1 and §2) respectively.

3. Remove tie rod studs (#3)

k. Remove seal assembly and place on & clean blotter paper.

5. Remove pinion shaft extension (#%) from thimble (#5).

Annex N/h
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Flace on clean blotter paper.

6. Remove socket head nuts (#6) using Allen vrench and soft
hanmer. ’

7. Lift off thimble (#5). Caution; this item is very heavy
and cumberscme and must be carefully balanced during removal.

8. Remove two retaining rings (#7) and remove pinions and
bearings (4#8)

- 9. BSecure special tool CRT # on top of rack (§9) and raise .
rod not more than 4 inches. Secure "C" clamp .to rack at the top
of spring housing (#10)

10. Remove special tool CRT #1 from rack and remove slotted
nut (f11) end washer (f12)

11. Secure special tool CRT 1 to top of reck and remove "C"
clamp, then lower control rod until the gripper kmodb located at
upper end of fuel element makes contact with the core shroud.

12. Remove 8 socket head cap screws (#13) and 1ift off buffer
spring housing and pinion support assembly (#14) and place on clean
blotter paper. .

13. Secure two 3/8 inch eye bolts into spring housing (#15).
1ift off spring housing and place on clean blotter paper.

1%. Place special tool CRT #2 over rack and extension rod (#6)
and secure special tool CRT #l to rack. Comnect special tool CRT #2
to hook of overhead crane and take up the weight of rack and exten-
sion rod. Rotate special tool in counter-clockwise direction; this
action discomnnects the split coupling (#17) from the comtrol rod
gripper (#18) located at the lower emd of the extension rod. The
special tools and extension rod are then lifted out by the over-
head crane as a single unit.

Installation of Control Rod Drive

1. Assemdly of the rod drive mechanism, replacement of
concrete shield blocks and installation of motor and clutch as-
sembly are the reverse of disasgsembly. Replace all flexitallic
gaskets insuring that all mating surfaces are wiped clean with
alcohol or other comparable cleaning agent. Particular care should
be taken when securing the rod drive seal cooling lines and fittings.
If not properly fitted up considerable leakage will occur and result
in a loss of feedwater and pressure.
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Disassenbly and Assembly of Components

1. Sesal Disassembly. (Reference Figure k)

a. Remove snap ring (#9) and coupling (#20). Tape snap
ring and key (#21) to coupling to prevent loss of these items.

b. Remove five socket head cap screws (#22) and bearing
retainer (#23).

¢. Remove b@ns locknut (#24) and 5 socket head cap
screvs (#25) and remove vater gland seal (#26).

d. Remove seal shart (#27).
e. Remove lantern ring (#28).
f. Remove 5 seal diaphrams (#29) and floating ring (#30).
g.  Remove retaining ring (#31) and stellite bushing (#32)
NOTE: The geal diaphrams and floating rings must be kept in pairs
and in the order of their removal from the seal housing
as they must be replaced in their original order. All parts
of this assembly will be cleaned using acetone or alcohol
and dried with soft lint free material.
NOTE: The assembly of this unit is the reverse of disassembly.

Spring HBousing and Pinions Support Disassembly.

1. Remove 4 socket head cap screws (#33) and remove backup
roller (#34).

2. Remove 6 socket head cap screvs (#35) and remove spring
housing (#0). ‘

3. Remove spring seat (#36) and two compression qﬁrinss (#7)
NOTE: Assembly of spring housing and pinions support assembly is
the reverge of disassembly.

Clutch Unit Disassembly (Referemce Figure 3)

1. Remove motor from base.

2. Disconnect and tag clutch power wires.

Annex N/5
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3. Remove change gear (#39).
4. Remove instrument pad.
5. Remove 2 socket head cap screws (#0) and bearing cap (fl)

(N)G. Remove spline (#42), bearing (#:3), and shaft assembly

Remove 2 set screws (#45) in cam clutch (#46) through
hole (A'r) in cam clutch cover (f48) and remove drive shart (#49)

and bearing (#50).

8. Remove negator spring drm (#51), cam clutch (f46), and
magnetic clutch (#52).

NOTE: Assembly of this unit is the reverse order of dissssembly.

The refacing of the magnetic clutch is accomplished in
the same manner ag described in Chapter I, pages 11-13.

Installation of Negator Spring. (Reference Pigure 3)

1. Loosen set screw and remove coupling from motor and clutch
assembly.

2. Drive rod out until the position indicator in the control
room reaches approximately 28 inches.

NOT®: Limit switches must be by-passed.
3. Remove socket head cnp screvs. (53-5k)

4. Install negator spring (55 or 56) im slot om negator
spring drum (51) and replace socket head cap screws (53-54).

NOTE: Removal of negator spring is accomplished in the reverse
procedure described above.
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ANNEX O

' REACTIVITY MAGNITUDES AND ADDITION RATES
IN NUCLEAR EXCURSIONS

by W. E. Kyer

Under the aasumption that the SL-1 incident was the consequence
of a nuclear excursion, the following questions arise concerning '
the nature of the incident:

.l What transient pressures were generated?

2. What was the nuclear energy relesse?

3. ‘ What reactor period was attained?

k. What rate of reactivity addition was required?

5. What total reactivity addition was necessary?

The latter two questions are of special value in assessing the
plausibility of various mo;i.es of initiating excursions.

The Spert reactor excursion studies provide information on
compareble, but less violent. situations , over a wide range of core
characterisitics and condit;gga?. Most of the important paremeters
of the SL-1 core fal:},within the range of values of these
parameters in th\e Sperf experinehf:s. These similarities invite
& measure of confidencé in the qualitative features that can be
estimated for the kinetics of the SL-1 core; however, the
important differences between the SL-1 reector and the Spert cores,
combined with the differences between the incident end the
experiments, make a quantitative evaluation omt of the gquestion. In
particular, a fuller knowledge of the void and temperature
coefficients is usuelly obtained for Spert cores than existed
for SL-1; the Spert experiments have not included tests in
which pressure effects compaf.able with those in the incident

ANNEX 0/1
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were generated, which are primarily in the destructive regions
of reactivity edditions; disto;"ted flux patterns may have
existed in the SL-1; and the number and the thickness of fuel
plates in the SL-1 were considerably different from Spert cores.
None-the-less, the experience and dats obtained from the Spert
program may be extrapolated to indicate some likely features of
destructive excursions and, taken with the destructive Borax
experiment and the known SL-1 core parameters, they may be used
to estimate the kinetic characteristics of the SL-1 in order

to attempt to answer the above questions.

On the basis of the physical demage evident in the SL-1
reactor, past experience would indicete that the incident was one
in which the reactor was super-prompt critical, and melting of
the fuel plates occurred to a significant, but not preponderant,
degree. It is unlikely that transient pressurés capable of
causing such damage would arise unless some melting occurred. For
this reason, a plausible lower limit for this incident is an
excursion which raises the hottest fuel plates at least to the
welting point. The range of reeiprocé.l period, o(, required
to approach the melting point for the applicable Spert cores is
from 200 sec™! to 40O sec ", with resultent trensient pressures
in the neighborhood of 100 psi. It is estimated that the SL-1
kinetic behavior would lie in the range of the above cores
subject to the differences due to neutron flux distributions
and fuel plate' differences. The latter would make it possible
to produce melting st lowerd for the SL-1 core. However,
with reasonable confidence, it can be estimated that for the

ANNEX 0/2
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following excursion some melting would occur in the SL-1 core:

o{ A, 200 sec™l

periodny 5 msec
Energy release/V 40 MW-seconds
Transient pressure V100 psi
Using SS/lsec for the prompt neutron lifetime, [ , and 0.65% as
the delayed neutron fraction, the required reactivity addition
is the following:
Ak prompt /y1.1%
or Dk total A 1.75%
In addition to the above requirement on the total reactivity
to be added to the system, there is also a requirement on
the rate at which it must be added to produce an excursion. The
required rate, l‘:, at vhich reasctivity must be added for the

reactivity to appear as a step of magnitude d :Akp/,e is given

by the formula - '
k
A 3/2_;_:

"£" is a slowly-varying logarithmi; function of the initial
power and the rate of reactivity addition which, for this situation,
has approximately the value 15. With rearrangement and appropriate
values of the constants inserted, thei formula becomes
k(4. /sec) = 6 (Akp(m)a

This relation is relatively exact since the only reactor
parameter that enters in a strong way is the prompt neutron
lifetime.

It is apparent as & general property of this relation
that large excess reactivities require extremely high insertion

ANREX 0/3






SL—1 ACCIDENT INVESTIGATION BOARD'S REPORT 135

rates Vhich,' in turn, require acceleration values not readily
obtainable without special devices.

The acceleration requirements can be illustrated by the
following considerations. Assuming that the reactivity
introduced by & control rod is proportional to its displacement,
the reactivity added at any time is proportional to the square
of rate of reactivity addition divided by the acceleration. At
the same time, for this reactivity to be added as a step requires
that the rate of addition be proportional to square of the added
reactivity. Thus, the acceleration is proportional to the cube
of the reactivity to be added.

These considerations on required accelerations and reactivity
addition rates can be applied to the present situation to estimate
a reasonable upper value for attainable period in the SL-1l. Use
must also be made of measurements by Combustion Engineering, 'Inc. N
(C. Wayne Bills, Chairman, Technical Advisory Committee, personal
communication) of the speeds with which.a mockup of the No. 9 control
rod could be manually lifted. The measurements can be interprefed.
as requiriné an effective upward acceleration of about 1 g acting
over the early pert of travel, Rod .speeds as high as 6 ft per
sec are a.fta:l.na.ble » with corresponding reactivity insertion rates
in the neighborhood of 15% per sec. Table I, prepared by Mr. A. H.
Speno, shows that this would result in an excursion with a 3.4 msec
'period and an avallable prompt reactivity of 1.64. Thus, for any
rod-worth up to this value, the demonstrably attainsble rod speeds
indicated by the experiment would permit all of this reactivity

t0 be inserted in an excursion.
ARNEX O/k4
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On the other hand, twice this reactivity would require
insertion rates of 60% per sec and net accelerations in the
neighborhood of 8 g. This would yleld & period of 1.7 msec.
The available rod-worth data indicate decreasing worth for
large displacements, wl;ich would require a greater acceleration
than the estimeted 8 g. Thus, it would appear that the rates
attained in the experiment are very nearly upper limits as well

as being readily attainable values.
Table T - Reactivity Addition Rates

A kp : d: period

()} TS (el (msec)
0.1 0.06 18 55
0.2 Y 0.24 36 28
0.4 0.96 73 14
0.6 2.16 109 9
0.8 3.8 146 7
1.0 6.0 180 5.5
1.6 15 290 3.4
2 24 360 7 2.8
" 96 730 1.4
6 216 1100 0.9
8 384 1500 0.7
10 ‘ 600 1800 0.55

Spert experience extrapolates to energy releasés between
40 MW-seconds and 200 Mi-seconds for excursioné ‘withO(equal
to 300. This would undoubtedly result in significant melting
of fuel plates and genera.f;ion of transient pressures in excess
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of several hundred psi.

Considerably refined estimates could be made with reliable
flux information and reactivity values for the No. 9 rod or by
more detailed comparison of Spert and SL-1 data. Dr. J. R. Dietrich
(C. Wayne Bills, Chairman, Technical Advisory Committee, personal
communication) has attempted this, and his analysis suggests that
an energy release in the 100-200 MWs range would be consistent
with the observed results. He also suggests that internal melting

and surface melting could occur for periods as long as 12.5 msec

(o(= 80 sec “1) and 5.3 msec eé 190 sec ’1), respectively. He
estimates that the total energy stored in fuel plates would he about
20 Mi-seconds for the internal-melting case and 80 MW-seconds for the
surface-melting case.

Excursions of considerable magnitude have been obtained at
Spert by other means than rapld injection of large excess reactivities.
Essentially steady operation with large reactivities compensated by
voids have also brought this about by self-induced oscillations which
collapsed the voids.

In the SL-1, it would be possible for slow withdrawal of the No.9
econtrol rod to produce such an excursion. This would réquire greater
reactivities than the equivalent cases discussed above because some
bulk-water heating to the boiling region would be necessary. However,
this is offset to some degree since greater violence usually
accompanies excursions initiated from high temperatures than from low
temperatures. This would also require that the rod be maintained
in the withdrawn position for times at least as long &s seconds

ARNEX 0/6
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and possibly as long as minutes. The time scale for this
situation to develop is sufficlently long that corrective
action by an operator is ordinarily possible, provided he
1s aware of the developing power increase. ‘

In summary, the observed mechanical damage in the SL-1
incident is consistent with excursions with a reciprocal
" period, OC, in the range 200 sec™! to 290 sec™l. Correspondingly,
the periods would be 5 msec to 3.4 msec, the transient pressures
would range from a hundred psi to, perhaps, somewhat less than
a thousand psi, and the energy release would range from 40 MW~
seconds to 200 MW-seconds. The attainable rates of reactivity
addition would permit the necessary reactivity to be introduced
to the reactor provided it were available in the control rod.
It 18 unlikely that significantly greater amounts could be
inserted, nor does it appear that significently greater rod worth
existed. It is possible, but less likely, that the incident
could be produced by very slow insertions of reactivity.
Improvement in the values of the estimates by refinement in
the analysis is not to be expected without new informetion

becoming known.

ARNEX O/T
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ARNEX P

POSSIBLE REACTIVITY ADDITIONS TO SL-1 REACTOR
- . SINCE. COESTRUCTION

by W. K. Ergea
1. Expected Reactivity -Imcrease .

As in many resctors with large amounts .of. burnsble. polspn, the
_.zeactivity of this reactor increased at_the. beginning of. .coye life
u‘thebum:p.ot..poim,overcompenutedwtheum of rewcuvity by
.burnup. of  fuel, fission-fragment buildup, etc. After.much of the
... boron.wvas. burned up, the reactivity losses due to burnup of fuel,
..fission~fragment. .huild@,.etc. » dominated and reactivity decreased.
. The reactivity thus went through a maximmm. In the Hazards Summary
Report 8/ (p. 38 and fig. 28) it vas estimated (see Section III
D3h, and Figure 28%) that the maximm reactivity would exceed the
reactivity of the fresh reactor by about 0.6 corresponding to
one .or two.inches in the position of the central control rod in

the region of this rod's largest differential worth. The maximm

#* In addition to the approximations and assumptions listed in the
reference, the following assumptions were made: a) about 11% of
reactivity would be controlled by boron, and b) the boron burmup
would proceed effectively as if the boron was distributed umiformly
in the fuel "meat". The time of the maximum is read from the curve
to be 300 days of "operation at average power".' The average pover
assumed was 1.73 Mwth, according to D. H. Shaftman, private communi-

cation. Annex P/





140 SL—1 ACCIDENT INVESTIGATION BOARD'S REPORT

. was-estimated. to.occur roughly at 500 Mw.days*. At the time of
_the.incident, 900 Mv. days, the reactivity would have returned to
. its.original value.
..Later, another calculation was made by Combustion.BEngineering, Ine.
. ..-According.to this .calculation, the maximm of.reactivity would
...exceed. the .reactivity of the fresh reactor by much.more.than the
. .. smount.computed.in the ordginal Hazards Report (two inches of the
.. ..five-rod bank position). Furthermore, at the time of the incident,

the reactivity would just have reached its maximum.

2. ._QObserved .Loss of Boron -
In eddition to the scheduled nuclear burnup of boron, some boron

was lost by damage to the boron strips. This additional loss caused
-a.-further.change in critical position of the five-rod bank by 2.5
. .4nches,. .80 that this critical position had changed by 4.5 inches
.--a8.compared. to the original value in the fresh reactor. This is
. ..an.experimental result, obtained in September 1960. It should be
emphasized. that the critical position of the center rod, in the
cold reactor, with Xe decayed, ﬁd the off-center rofts imserted
to indicated zero, was measured in September 1960 and found to be
14,3 inches.
An attempt was made to compensate for this loss of boron by the
additién of cadmiuwm strips. This resulted in a change in the critical
position of the rod ba.nk,' retrieving about two-thirds of the above 2.5
inches. . Anmex Pf2
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-S8ince the reactor-had been.losing boron mechanically in an uncon-
‘trolled, but cbservable, manner up to.at least August 1960, the
..question mey maturally be raigsed whether further mechanical boron
- logs .occurred after this time but prior to the .incideat. From
the deta presented by Combustion Eangineering, Inc., the control
rod positions - for comparable conditions of the reactor - remained
the same. From this it may be concluded that little or no borom
. wag- lost mechanically. However, the number of the control-rod.
positions presented in this connection is very small. '!hevreason
for this .is the desire of CEI to use only date.obtained under
..easily snalyzed conditions. There are literally hundreds of control-
. rod position reeords,.xnd.m;tte_lpt.. is being made to obitain some
informetion from these records.
. The point has also been made that some boron may have been lost
.from the core.and have been carried around by the boiling un_'.ter
while the reactor vas. operating... Thus the reactor would haye been
-poisoned by this boron while the.reactor was in operation apd most
of the control-rod readings were taken. However, after the prolonged
shutdown, this boron would have settled and the poisom would have
disappeared.
The water volume in the core was 6-T cubic feet amd the total amoumt
of wvater was sbhout 100 cubic feet. Thus oniy a small part of the
Aanex P/3
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floating boron would have been in the core and the poisoning would
-bave beea megligible. Also, settling of floating boron would have
been noticed after other shutdowns, had 1t occurred.

The burnup of boron up to the time of the incident smounted to 5%.
Even.allowing .for the known mechanical loss of boron; the reamining
- .-boron. exceeded the shutdown mergin, so.that its loss - had it
occurred - would have made the reactor critical.

4., Loss of Qadmium Strips

Each strip was worth less than 0.2-inch in rod-bank position. Unless
the unlikely loss of several strips is postulated, loss of cadmium

strips would not have been a significant reactivity additionm.

5. Mechanical loss of an. Qff-Center Control Rod

Pre-incident removal of an off-cemter control rod is unlikely om the
basis of the presently available post-imcident information.  However,
- had an off-center rod been lost, the resctor would have beep close
to critical before the central rod wae withdrawn. This statement is
hl_séd onv the report, referring to room temperature, mt "in the
fresh core, wihout poisoﬁlng by Samarium-149, 1t is doubtful that
shutdown would have beenm possible with two off-center control rods
at 30 inches". Simce then the reactor has increased inm reactivity
partly due to mechanical loss.of borog, and partly {at least according

to CEI) by the expected burnup. :
' Amnex P/h
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Partial rémoval.of. an off-center comtrol. rod prior to.the imcident
.could. theoretically. have been. .caused by a break of. thzrod, extension
or of the mechanical stop-mear the top of the rod extension. In
spite of the large force that occasionally was.applied to the rods
when they. were not. moving freely, such a bresk appears. sow.ualikely.
_However, had the break occurred, sa off-center. rod.could fall partly
out of .the reactor, leaving about 1C.inches of poison overlapping

The ceatral rod bed a lomg follower and could mot fall thst far.

-Pesides it was found shove the core.

6. _Burnup of Cadmium in the Comtrol Rods

. If. the high-cross section caduium in the lower pari of the ceatral
.control- rod had been wholly or partially buraed up by meutroa
absorption, & slight withdrawval could have brought the reactor
eritical. Hmém’, this possibility seems to be ruled out by

the following calculation. The flux at the center was 3 x 1013

n/c:n2 sec; due to the flux depression mear the rod it was probably

20 more than 1013 a/cn2 sec at the rod surface. The meutron curreat
entering the rod from both sides would then be 0.5 x 1013 n/cla sec.
The reactor had achieved 900 MwD, or 300 days of full-pover operation.
The vt enterimg the rod was .\thus 13 x 1019 n/:ma. The cadmium sheet
was 0.060-inch thick; the demsity of cadmim 1s 8.6 g/cu’ and the
sbundance of the high-cross section isotope Cd 113 is 12%.

Annex P/5
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. From thid it.t':u.h'e..couputed that there are 0.85 x ;1.021 atons
of Cat3 per.ca®. The burmup is thus.omly 15%. The fact that

.-the rod 1s.black to thermal meutroms is mot changed.

T..-Melting of Cadmium _
-If the cedmium had melted,-it could comceivably rum out.ef the

_aluntaum sleeve. . Tae melting polat of cedmidl is 321°.C. The
.. operatisg temperature of the water was 420° F = 216° ¢.8/ p. 11
.and a temperature drop .in excess of 100° F from the .cadmium to
the watercould not be postulated ever durisg the high power
. -Operation.and the‘mcted..chngghg.«wneudes, loss of cadmium
. ..weuld have shown up im the control rod. positioms during reactor
operation. v
*xnn
~In summary. it may be. sald that the fresh cold reactor could- have
 been brought to criticality, with.all off-ceater rods ingerted, by
vithdmging.thg\mter.rcd.‘to.J.Q...inchea.aboveAindictted.zero. At
the time of the imcident, & m;ler withdraval would have been
sufficient, b\ﬂ; the presently available evidemce makes it very
likely that ér:lticolity would only hgve been achieved by withdrawal,
substantially in excess of the aliowed k inches. It may be added
that the reactivity per inch of the cemtral control rod is small
if the rod is withdrawn omly slightly above indicated zero. It

Annex P/6
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~would be difficult fo.see how reactivity could be inserted suffi-
- ciently fast for the imcidemt, had the rod only been withdrawn
..slightly, even if s slight withdrawal had im some umexplained

manner achieved criticality.

Armex P/7
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ANNEX @
SIGNIFICANCE OF CHEMICAL REACTIONS IN SL-1 INCIDENT

The occurrence of chemical reactions has been postulated as &
poss:lbie cause of the SL-1 incident. It has been estimated that

the energy release in the incident was about 50 mw-sec. Such an
energy release by chemical reaction alone would require the

complete reaction of four SL-1 fuel plates or the reaction of

4100 liters of hydrogen and 2250 of oxygen. However, chemical
reactions alone are insufficlient to explain the known details of

the incident.

It has been postulated more reasonably that chemical reactions

may have occurred sufficient to raise the control rods and initiate
& nuclear incident. It has been shown in a number of investigations
(see Higgins and Schultz - IDO-28,000 and review by Epstein - GEAP-
3335) that initiation of a chemical reaction between aluminum and
wvater requires melting of aluminum; in fact, self-sustaining
chemical reactions initiate only when the aluminum temperature is
raised above ll70° C and dispersed with a mean particlie size of
about 200 p. Thus, means of melting the aluminum core and elevating
its temperature to the range indicated are required. It is shown
in ARL-5Th4 that 12 hours afterbshut down, the core may be uncovered .,
to a depth of over two feet without serious elevation of the aluminum -
temperature. It is thus unlikely that decay heat alone could cause

Annex Q/1
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elevation of aluminum temperatures to the required range at the
time of the incident. Because of the good.conductivity of aluminum,
. propagation of burning alomg & fuel plate is incomceivable 8o long
as the plate can conduct to & water reservoir. Thus, initiation of
reaction in locations such as irradiated fuel would be expected to
quench instantly in a submerged core.
Collection of hydrogen and oxygen in a combustible mixture at some
location still requires some means of igniting the mixture. It is
shown im the report AECU-3327 that spontaneous ignitiom of a com-
bustible hydrogen-oxygen mixture willvnot occur at temperatures

below about 950° F.

Thus, no plausible hypothesis has been conceived which postulates
chemical reactions as the cause or imnitiating means for the incident.
It is quite conceivable on the other hand that chemical reactions
may have served to increase the severity of the muclear incident.
Examination of the metallic debris for exteat of oxide formation

and crystal structure of the oxide formed may serve to indicate

the amount of reaction and the temperst.ure at which such reaction

- occurred.

Anpex Q/2
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ANNEX R

INTERVIEWS CONCERNING CREMICAL AND
METALLURGICAL BEHAVIOR OF SL -1

Dr. Benjamin Lustman, Board'Consultant

To gain unpublighed or up-to-date information -cewdfing the chemistr&
and core-metallurgy of SL-1 core I, interviews were held with per-
sonnel of Combustion Engineering at Jdaho Falls and Argonne National
Leboratory in Chicago. Swmmarized below is the significant informa-
tion developed in thé course of these interviews: -
I. Chemistry of SL-1 Core I Operation

Date: January 10, 1960 .

Consultant to Investigating Board - B. Lusiman’

Combustion Engineering - Chief Chemist, Nuclear Division,

Windsor (part-time); Plant Chemist, SL-1 site.

The Pla;}t Chénist haaibgcn the only chemist at the SLfl site during
recent months. He is a 1958 graduste chemist, and, before assignment
to the site, was employed by CE at Windsor on chemistry aétivities
associated with the S-1-C ﬁrQJect. At the time of the transfer to
the site in May, 1960, he was cne of three chemists assigned to SL-1
operations, but has recently been the only contractor chemist at the
site. He has been involved recently in ordering equipment to permit
analysis of radicactive contamination of plant water. All radiosctivity

analyses have hitherto been performed by CPP personnel at the NRTS.

Annex R/1
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Routine control of water chemistry was performed by mil;ta.ry personnel
and involved measurement of pH and resistivity, twice each shift during
operation. Although plant operation lpecificu.tioqs permit pH to

vary between 5.5 and 7.0 and water resistivities of 500,000 chm cm,
water has recently been controlled st 6.5 - 7.0 pH and greater than
750,000 ohm-cm resistivity. Subsequent discussion with Argonne per-
sonnel indicated that, at the low water flow rates involved in the

SL-1 plant, water chemistry control to maintain minimum aluminum

corrosion rates at as high a purity (or resistivity) value as possible

wag preferred over operation with low pH. Since such operation also
minimizes corrosion rates of the stainless steel portions of the plant,

such tightening of the water chemistry limits was considered beneficial.

Water purity was maintained within specified limits by'use of the
purification system. Reactor water was pumped at a ra.te of 1.5-2 gpm
through a regenerative ceocler, cloth filters, mixed bed and hydrogen
form cation resin ion exchang&s, and then back to the reactor vessel.
Control of resistivity was maintained by flow through the mixed bed
resin and of pH by adjustment of flow through the cation resin. The
resins were not regenerated and, during normal operation, weré expected
to survive for six months of operation. However, because part of the
operator training schedule involved changing the resin beds, in practice,
the beds had been changed on the average every two months. Most of the

contamination in the resin beds was considered to be Na-2lh activity,
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although no detailed radiochemicael or chemical analysis of the de-
posits bad been made. The filters were also changed every two months,
apparently because of buildup of radioactive particulate matter;

again no analyses were reported of particulate matter on the filters.

While no attempt was made to control water chemistry during sfmtdowns,
it was apparently a practice periodically to record pH and resistiv-
ity during such periods. During shutdown and maintenance periods,
water was added to the vessel from an open 1000-gallon drum; further-
more, removal of the control red drive thimbles during the De;:ember 23-
January 3 shutdown and in-leakage of air after cool-down of the system
ensured the dissolution of air in the reactor water. Becauséf“of the
residual activity of the core, it should be possible to observe the
radiolytic formation of nitric acid (or of M{3) under such conditions,
although the CE persennel were apparently unaware of such occurrences.
Compilation of the water chemistry records during the shutdewn period
may thus be of value in revealing chemical changes in the reactor water
at the time of the incident. In this connection, it was the Plant
Chemist's recollection that pH changed from a shutdown value of 6.5

to a value of 6.2 a few days after shutdown.

Measurement of fission product activity levels during recent months has
revealed ne increase over that observed in the past, indicating that no
observable gross fallure of fuel plates had occurred. Because of the

unavailability of suitable radiochemicasl equipment at the site, it has
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not been possible to infer the source of radicactivity, whether sur-

face contamination, cladding contamination, or fuel plate defects.

The principal activity in the reactor water had been Na-24 activity
formed by an n, alpha reactien with aluminum. The activity levels
appear to be inordinately high, 2.llx106 dpm/ml at 3 mw operation

during recent months of operation. Subsequent Inquiries revesled

that activity levels in the MIR and ETR are of the order of 1(.))+ and

105 dmp/ml, respectively, in spite of their much higher neutrén flux
levels (albeit lower operation temperatures). It is further significant
that ANL reported Na-24 activity levels of about 6 x 105 dpn/‘ml, during
early operation. This increase by a factor of three may be of importance
in indicating progressive metallurgical deterioration of core components.
It was further noteworthy that increase in reactor power of about 60%

to 4.7 mv increased steady state Na-24 activity levels more than 120%

to ’4-.72x106 dpm/ml. These levels of activity sheuld be compared with

those noted in Borax III and Borax IV.

Particularly after observation of failure of the B-Al poison strips,

a number of attempts were made to detect the presence of Bin the reacter
water, to no avail, although indicatlens of the presence of Cd in the
wvater had continually been neted. An observation made during‘the testi-
money that a whitish depesit formed in the neighborhoed of a leak in

the vessel head analyzed high in boron content was confirmed by the

Plant Chemist, but attributed by him te reaction of the steam with the

Amnex R /h
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B-Fe shielding pellets used in the head rather than to deposition
from the reacter water. Considering that this plant was the first
reactor use of the alley X-8001, rather surprisingly, no provision
was incorporated in the plant for analyzing the reacter water for
"erud” or suspended solids. The only cbservations recorded were
those of total selids, diss&lved and undisselved, present after the
purification filter, and in general these showed the preaence‘ of less
than 1 ppm selids. No smears have been taken of deposifs'upoh the

vessel or pipe walls.

The main conclusi_ons drawn from this interview were the following:
1. Plant water chemistry was well controlled within specification
limits.
2. Supplementary chemistry date which would have been of con-
siderable value in develepment of the SL-1 type of reactor
plant and in assessing the performance capabilities of the mnew
type of cladding employed, the fuel elements, the burn;able poison
plates, the control reds, and other developmental items were
greatly restricted both because of number of technicel personnel
assigned and equipment asvailable.
3. The high levels of Na-2k activity neted in the reactor water
as well as the increase in these levels may have been the first

indices of metallurgical deterioratien within the cere.
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II. Metallurgy of SL-1 Core Components
Date: January 18, 1960

Consultant to Investigating Beard - B. Lustman
Argonne National Laboratery: -
Dr. F. Foote, Head, Metallurgy Division
Mr. D. Walker - (febricatien SL-1 fuel elements and
poison strips)
Mr. S. Greenberg - (corrosion behavier fuel plates and
poeison strips)

Mr. N. Grant - {corrosien behavior fuel plates and control
rods)

Dr. J. E. Draley - (corrosion X-8001 cladding)

Mr. W. Ruther - (corrosien X-8001 cladding)

Mr. W. Kann - (fabrication control rods)

Mr. J. H. Kittel - (irradiation behavier)
The original plan fer the reacter cere for the SL-1 plant called for
utilization of nendevelopmental materials, fuel element designs, and
fuel element fabrication techniques. Deviations frem this intent were
required becsuse of the long core life at elevated temperatures; the
aluminum cladding alloy X-8001 was employed to meet this requirement.
In addition, it was desired to achieve adequate shutdown margin by
the incorporation ef B-10, origipally as an additive to the fuel alley.
Since the technique of making such additions had not been develeped,
two develepment contracts were placed; one with Metals and Centrols
to develop metheds of incerperating B in the fuel alloy by melting
techniques, the other with Sylvania-Corning te develep powder-metallur-

gical metheds ef incorperating boron. The former subcontractor, in the
course af the investigatien, found that the addition of Ni, added to
permit incorperatien of boren in the fuel alley; greatly improved the

corrosion resistance of the latter, thus leading to the addition of
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2% nickel to the SL-1 fuel alloy. @) (W. E. Ruther and J. E. Draley -
ANL-6053, November 1959) For the reasons listed below, it was
subsequently decided to add the boron as a separate burnable poison:
strip rather than incorporated 15 the fuel alloy. These reasons
were:

1. difficulty in development a technique for addition

of boron to the fuel alloy;

2. undesirsbility, for radiation damage reasons, of

intermixing boron and uranium; and

3. beqause of lack of a critical experiment for this core,

uncertainty existed as to the boron content required in

the fuel alloy.
Having made the decision not to disperse the poison uniformly in the
fuel, a fabrication contract for manufacture of the fuel plates was
awarded to the Babcock and Wilcox Corporation who utilized a fabrica-
tion technique similar to that employed for other enriched uranium
aluminum-clad fuel plates. Several hundred plates were so fabricated;
the great majority of these falled to meet ALPR standards either for
bond quality or for surface finish. The contract was consequently
‘ca.ncelled and ANL initiated its own fabrication of the fuel plates.
The technique 'utiiized involved & pre-rolling eutectic diffusion-
bonding treatment utilizing Si as the eutectic-forming medium, followed

by a 4:1 hot reduction. The technique used is described in Ref. 2.

2) R. A. Roland - TID-7559, Part 1, p. 233, May(1958).
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The method of fabricating the burnable poison strips involved mixing
X-8001 and B powder, encasing the mixture in an X-8001 can and sealing,
and hot extruding the mixture to a rectangular section which subse-
quently was rolled to size. This technique was also used for the
Borax III reactor and is described in the Hazards Summary Report
ANL-5Th4. It is noteworthy that, on finishing to size, the boron
strips are essentially unclad, with 1 to 5 mils of aluminum wall
thickness on the surface. The Joining of the fuel platés to side
plates for fabrication of the final assembly is also described in

the Hazards Summary Report ANL-5T4l. After flanging the fuel elements,
the fia.nges were machined from an initial thickness of 0.120 in. to
0.055 in. prior to spot-welding to the side plﬁtes. Thus one of the
bonds to the fuel was exposed to water at a nominal distance of only

one-tenth inch from the fuel.

The fabrication of the core alloy and nondestructive inspection of the
various fuel plate components are described in Refs. 3, 4 and 5.

These reports reveal that indeed a high quality bonded plate was
achieved and that considerable care and exacting inspections were
used. In addition, coupons were sheared from each end of the final
plate and subjected to corrosion life tests in 550° F water. These
tests showed that the corrosion quality of the cladding met all the

requirements for this alloy. However, occasional blisters were noted

3) R. L. Salby and W. R, Burt, Jr. - ANL-5950, Dec. 1959

4) W. J. McGonnagle, W. N. Beck, snd N. Lapinski - ANL-5951, Aug. 1959

5) W. J. McGonnagle and R. B. Perry - ANL-594k4, December 1922. R/s
ex v





156 SL—1 ACCIDENT INVESTIGATION BOARD'S REPORT

at the 'bbhd area on the edges of the coupons. These blisters are.
attributed to local high concentrations of the S1 bonding agent

which subsequent work has shown as detrimental to the hot water corro-
sion resistance of aluminum alloys. There appears to be little

doubt that the fission produgt activity noted in SL-1 plant arose

from corrodible high S1 content fuel bond defects probably exposed

at the machined flanged edge.

Mr. D. Walker of ANL was present at almost all occasions when fuel
elements were pulled from the SL-l core for interim examinations.
He was present at the September 1960 examination when failure of the
B-Al poison strips was noted together with CE Idaho Site personnel and
Mr. Murtba of the CE Windsor plant. He reported that the fuel element
surfaces were remarkably clean and free of corrosi_on product as evi-
denced by the observation of fingerprints and tepe markings still
visible from the initial insertion. As a result of the observations
of poison strip buckling and fracture, some corrosion tests were
initiated at ANL. The maln results of theee tests are sumarized below:
1. Fuel plates of the SL-1 type grew one inch in their 27 inch
length and also bowed on corrosion testing in 600° F water;
similar growth was not noted at 450° F.
2, B-Al strips 20 inch in length grew 0.035 inches on testing

for 14 days in 600° F water; X-8001 strips grew 0.117 inches in

length.
Ammex R/9
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3. B-Al strips tack-welded to X-8001 plates bowed 0.060 inches
when corrosion tested 1k days in 500° F water and 0.118 inches

when tested in 600° F water.

It is thus apparent that corrosion of the SL-1 fuel elements, un-
accompanied by irradiation, would cause the poison plate bowing

observed during the interim examinations.

The good corrosion behavior of X-8001 cladding in the SL-1 reactor

was attributed to the good control of water chemistry which is feasible
in a large system and to the large area of aluminum exposed relative

to the water volume. It was estimated that the corrosion rate of the
cladding was probably less than 0.001 - 0.002 in/year. Some experiments
were reported in which massive pieces of X-8001 alloy were exposed in
10009 F steam in contact with a thermocouple. From the observation
that 1ittle or no temperature rise was observed during the corrosion
attack, the conclusion was drawn that rapid, auto-catalytic reaction

of this alloy with steam would not be noted at exposure temperatures

at or below 1000° F.

Testimony reflected that corrosion tests of aluminum - cadmium -
aluminum sandwich samples at 420° F for 125 days showed that such
sandwiches corroded with a maximum weight loss of the cadmium of 1-2
mg/cma-month. Cadmium dissolved in the autoclave water to concentra-

tions of about 3 mg/l, and an increase in water pH from an initial
Annex R/10
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value of 7 to a level of 9 was noted. It was speculated that under
the static conditions obtaining within an SL-1 control rod, such
water conditions would not greatly affect the corrosion rate of the

aluminum cladding.

The design of the SL-1 control rods was discussed and the intentional
opening of the interior of the rod through the rod extension was
pointed out. ANL analysls of Cd operational temperatures in the SL-1
application indicated that these temperatures were well below the
melting point of Cd. The riveted connection at the top of the rod
extension piece was pointed out as the probable point of failure in

case the rod were dropped on the shrouds.

Mr. Kittel discussed further results of the irradiation of SL-1 fuel
plates in the ANL-2 loop in MIR discussed in Ref. 6 and additional
tests descrived in an internal memo (Ref. 7). The failure observed
in the test described in Ref. 6 was attributed to poor loop operating
conditions, and consequent high corrosion rates and was not considered
significant to SL-1 operation. An additional plate has since been
irradiated in this facility and did not fail, although similar high
corrosion rates were observed. Also described in Ref. 7 are low tem-
perature irrsdistions of 24 SL-1 type plates. These showed a density

decrease of about 3%/atom percent burnup which is normal for metallic

6} A. P. Gavin and C. C. Crothers - ANL-6180 - July 1960 ,
7) J. H. Kittel - ANL-FF-692a, Jan. 17, 1961 Annex R/11
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fuel alloys. Fuel swelling was observed in the experiments described
in Ref. 6 at a burnup of 1 atom percent. This was ascribed to opera-
tion of the fuel at a temperature of 840° F, as a result of the heavy
oxide film built up on the surface. The "dry"” conductivity of this
oxide was measured to be 0.56 BTU hr-ft-°F; however, in water the
thermal resistance of the oxide could be markedly less and the calcu-
lated fuel temperatures correspondingly lower. The failed samplev
described in Ref. 6 was viewed by Mr. Chernack of CE, Windsor, late

in 1959. Argonne's view was that the failure was not significant to
SL-1 operation.

Discussions were held concerﬁing the failure of the B-Al poison strips
and the lack of test data. Corrosion data for the unirradiated material
were considered to be adequate to validate its use. It was statéd

that the state of the art concerning irradiation behavior of this

material was such that "we considered it neither to be a problem nor

not to be a problem.”

The principal conclusions drawn from these interviews were the following:
" 1. The selection of cladding materials and fabrication techniques
employed were such as to ensure-delivery of & high quality fuel

element.

2. The pre-irradiation corrosion tests were inadequate to reveal

probable penetration to the fuel alloy through corrodible bond

defects; and the fuel element assembly design was faulty in
Amnex R /12
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permitting close approach of the fuel alloy to the fuel element
perimeter. »

3. The fuel plate irradistion validation program was restricted
in scope, but i:robably would have been adequate had not the
in-pile failure occurred.

4, The dimensional instability in corrosion testing of the fuel

~ element with its tacked-on poison strip was not revealed in pre-
irradiation testing; probably because the final assembly of the
poison strip at the site precluded such testing.

5. The design and validation program for the control rods was
probably adequate f‘or the SL-1 application.

6. The selection of unclad B-Al strips for the poison application,
without prior or concurrent irradiation evaluation, does not
appear to be defensible, certainly not with present kxi})wledge,
and probably not with the information available at the time of
the selection. ,

7. The highly developmental nature of the various core components
such as the cladding fuel alloy and fabrication method, which
received their first utilization in SL-1, the control rods, whose
design and operation conditions were unique to SL-1, and the
poison strips, of & type which had never previously been utilized,
appears incompatible with the use of the SL-1 facility without

an extensive accompanying test, evaluation, and examination program.
Anpex R/13
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ANNEX R

METALLURGICAL EVALUATION OF SL-1 CORE COMPONENTS

Fuel Elements

The SL-1 fuel elements have shown in irradiation tests only
a.normal. mt of .growtﬁ or swelling (3 per cent per atom

per cent) at burnups up to 1 atom per ceant (out of 1.7 a/o
burnup possible in the SL-1 fuel) and celculated ﬁmperatures
of 8h0° F. Since, at the time of th{: incident, the core had
accumulated only sbout 36% of its burnup (corresponding to a
maximm fuel burnup of .36 x 1.7 = 0.6%), and since all
evidence points to restricted formation of insulating corrosion
films on the cladding, no gross distortion or swelling of the

fuel elements is anticipated.

On the other hand, it is probable that the fuel elements

defected, exposing the fuel alloy to water at small discrete

points early in life. The evidence for this is the following:

8. The fﬁel element flanges were machined, exposing one bond
line to water at a nominal distance of 0.10 inches from
the fuel alloy.

b. Corrosion tests have shown bond-line attack at discrete points
corresponding to regions of high silicon content.

Annex R /14
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¢. Fission product activity levels have remained constant
since plant startup, indicating that surface contamination
is not respomsible. .
d. Fission products show a smaller ratic of short-toc long-
lived isotopes than is found im fission, indicating
that the isotopes reach the coolant through a tortuous
path, such as a .corroded bond line. ‘
Since no defected irradistion tests have been performed, it is
not possible to assess the effect of such & fuel element condi-
tion. However, from the fact that fission product activities
have not increa.séd, j.t may be 1ni’erred that no grosi failures
due to such operation have occurre&f No effects related to
the fuel elements significant to the causation of the accideﬁt
are known.
Burnable Poison Strips
Two effects may cause gross distortion of the poison strips;
these are irrsdiation growthv due to boron depletion and
corrosion growth due to formation of highly stressed oxide
films on the surface of the thin poison strips. It is probable
that the buckling observed August 27, 1959, at about 200 MWD
of operation, is caused by corrosion growth. At this time, the
core had accumulated about 10% of its life, although it had
undergone intermittent hot operation for almost a year; the

burnup of the boren would not be expected to be more than 0.1
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at. percemt. The volume charge accompanying this burnup
(about. 0.2 per cent) would probably be insufficieat to cause
bowing. Om the other hand, corrosion tests at. 500° F have
shown .0.060 in bow in 1k days of test in a configuration
simulating the attachmeant of boron strips in SL-l.’ Further
evidence tor this supposition_is shown. by the rod bank posi-
tions which beganr deviating from the theoretical curve omly

after 300 MWD of operation.

Corrosion growth would not be expected greatly to embrittle
the polson strips. On the other hand, irradiation would
markedly decrease ductility at boron depletioms above 0.1
atom per cent (about 1 a./o béron depletion can occur im tl;e
SL-1 poisom strips). Corrosion of the strips would tend to
become increasingly more rapid, the more the plates become
enﬁri‘btled and cracked, because of the exposure of new
corroding surfaces at the crack. The increase of aluminum
gurface exposed would cause additiomnal corrosion at an

24

accelerated rate; the increase in Na®" activity im the coolant

from sabout 6 x.lo5 dpn/nl early in 1959 to 2 x 106 late in
1960 mey be indicative of such progressive change in the

burnable poison strips.-. It is pleusible to postulate that
progressively more rapid deterioration of the poisom strips

during the 9/30 to 12/23 period directly relates to the cause
Anmex R/16
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of the incident. On the other hand, rapid corrosion may
not bave occurred .until the boron had become almost completely

depleted, in which case its loss would not be significant.

3. Control Rods

The design of the SL-1 control rods permitting access of the

coolant to the rod interior has two principal conseguences;

a. Cd4 corrosion products can be iea.cﬁed from the. interior
of the fuel rod into the system, thense to be removed
in the purification system.

b. The attack of the Al cladding from the interior may be
accelerated by the formation of a high pH water chemistry
in the rod iaterior.

Measurement of the corrosion rate of Cd in 420° F water

ylelds a maximum i‘ate of sbout 1 xng/(:ln2 month. This corrosioa

rate is conpati'bie with a recorded observation of Cd-115
activity in 3600 gal. of SL-1 liquid wastes of 44 uc. The
rate of Cd lost from the rpﬂs would then have an approximate
value of 60 gms/mo or about 0.1% of the contained Cd per
month. This cedmium loss is unlikely to have a significant
effect on the incident.

Likewise, under the static corrosion comditions obtaining

within a comtrol rod, and in considerstion of. the reported

beneficial effect of dissolved cadmium salts omr the corrosion
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~.of aluminum, it is unlikely that say si.sniﬁc&at deleterious

corrosion of the Al cladding on the control rods has occurred.

Cladding
No deleterious effects have been umcovered with respect to

the behavior of the x-oool’chdding gtock; this material,
in fact, appears to have bebaved better than anticipated.
The only detrimental observation has been the corrosiom

growth observed as a result of formation of heavy, highly

stressed oxide filps at elevated temperatures of exposure.

On the other hand, the use of 25 aluminum as cladding for

the cadmium strips imserted during the September 30, 1960,
shut down is highly questiomable but is hardly sigmificant
for the SL-1 incident. At temperatures of 420° F, it has
been cbserved that 25 sluminum is on the verge of the tempera-
ture range in which rapid blistering attack and disintegration
occurs.. Thus, blistering occurs in a few hours at 6000 F,

in several weeks at 500° F, and possibly in six to 12 months
at 420° P. Thus, Borax-III operated for six months at 420° ¥
using 25-Al cladding. Thus, while use of this material as cladding
for the Cd poison strips was questionable for long life expo-
sure probably only 0.001 in. of metal was ._cori"i;ded during

the two months of 1ts use and hemce its corrosion is not

related to the incident.
Anmex R'/18
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Cover Photo

The cover photo was taken in 1960 before the SL-1 accident and shows the
entire power plant. The large cylindrical structure contained the reactor, power
generating equipment, and blower fans. The two-story building in the
foreground was the administration building. The building between the reactor
and administration building was the support facilities structure. The remaining
buildings were support and training facilities. The entire area has been
decommissioned, dismantled, and returned to its natural environment.





ABSTRACT

The SL-1 Records Documentation contains a brief history and description
of the records management guidelines concerning an accident at the National
Reactor Testing Station located in Idaho. The accident occurred on the evening
of January 3, 1961, when the Stationary Low-Power Reactor No. 1 (SL-1),
designed and constructed for the U. S. Army, suffered a catastrophic power
excursion Killing three military technicians who were operating the reactor at the
time of the accident. Since this was the first known accident involving fatalities
at a nuclear facility, the volumes of SL-1 documents have become historical
records. The records management guidelines describe the index to the system
used for search and retrieval of stored SL-1 records and will assist persons
interested in retrieving the records of this accident.
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Records Documentation

1. A BRIEF HISTORY AND RECORDS MANAGEMENT GUIDELINES
OF THE 1961 SL-1 ACCIDENT

The Idaho National Engineering and Environmental Laboratory (INEEL) is a multiprogram
Department of Energy (DOE) laboratory whose mission focuses on advanced energy and environmental
engineering technology. The Atomic Energy Commission (AEC) established the Idaho site as a nuclear
reactor proving ground. Originally the INEEL was called the National Reactor Testing Station or NRTS.

Since 1949, fifty-two reactors of many different design types have been built at the site. A Naval
Reactor Facility (NRF) has functioned as a proving ground for prototype naval propulsion reactors. The
Argonne National Laboratory West Facility (ANL-W) is a test area for ANL experimental reactors. Also,
the U. S. Army built experimental reactors at the INEEL. The Stationary Low-Power Reactor No. 1
(SL-1) was one such reactor. It was a portable reactor designed for use in providing power in remote
areas.

The SL-1 reactor suffered a catastrophic power excursion in 1961, killing three military technicians
who were operating the reactor at the time of the accident. The accident heightened the interest of the
general public. Since this was the first known accident involving a nuclear fatality, the volumes of SL-1
document have become archival. Before the accident, the SL-1 project records were routinely and
appropriately scheduled as temporary construction, operational, and research and development
documents. However, from the moment of the accident, all available records associated with the SL-1
project changed from their temporary status to permanent records of a historical event.

Frequent Freedom of Information Act (FOIA), Privacy Act (P/A) requests, and lawsuits, based on
the legal rights of dependent survivors, received at the Department of Energy Idaho Operations Office
(DOE-ID), instigated an extensive project to locate, collect, and itemize all available records addressing
the SL-1 project. As a result, an SL-1 records project was started during Fiscal Year 1981. The efforts
integrated both a visual and an electronic search of INEEL records storage receipts and Standard
Form-135, Records Transmittal and Receipt, for SL-1 records that had been transferred to the INEEL
Records Holding Area and/or the Seattle Federal Records Center. Additional efforts included the
issuance of letters encouraging current and former employees to share their personal knowledge and
experiences concerning the accident. As a result, 57 boxes of isolated SL-1 documents were found
interspersed in records storage boxes and file cabinets.

It was not deemed an acceptable practice to “disrupt” records collections in some cases.
Appendix A—Additional SL-1 Documents Stored at Seattle Federal Records Center - includes details
about the location of other records relating to the SL-1 accident. These records should be reviewed when
the schedule for destruction or transfer is actualized.





2. SL-1 RECORDS COLLECTION

In January 1982, the Customer Service and Information Management Division of EG&G ldaho,
Inc., a DOE-ID Operating Contractor, submitted a proposal entitled, Automated Document Control
System Database for the DOE-ID SL-1 File Documentation (SL-1 ADoCS). The proposal included the
management of the SL-1 records that had been located as a result of the search project. The collection
includes approximately 25, 231sequentially numbered, multipage documents totaling an estimated
165,000 pages of drawings, correspondence, photographs, logs, interviews, legal depositions, etc.

The SL-1 ADoCS database included the following elements:

° Specifically designed database for SL-1 documentation files that would enhance the
retrievablility of records

o Index format designed to enhance the search and retrieval of the essential documentation
upon demand through a computerized system programmed with screen format and prompts

. SL-1 Document File Coding Sheet.

The isolated files were retrieved from their original locations and placed with other documents,
including the aforementioned boxes. To complete the SL-1 ADoCS project, all of these documents were
assembled into a common work area. This action was done in order to:

o Process the documentation in an effective manner
. Ensure a complete accounting
. Provide the control of all the documentation through the data processing cycle.

The arrangement of the contents of stored records was not disturbed in order to protect the integrity
of the records’ physical formats and to preserve the original order so relationships to other information
were maintained.

NOTE: Preparatory to the transfer of the SL-1 documents to the National Archives, an effort to
reconcile the SL-1 database and account for any missing data has been made. As a result,
SL-1 coding index sheets for 556 sequential numbers were located and retrofitted into the
database. There are 757 coding index sheets that are still missing. (The documents are in
the records storage boxes, but have not been entered into the database.) Also, there are
72 sequential numbers missing. The reasons are unknown and it is not certain if the
missing sequential numbers were even issued. The missing index coding sheets and the
sequential numbers are also listed in Appendix B—MISSING SL-1 SEQUENTIAL
NUMBERS RECONCILLIATION SHEET.





3. MISCELLANEOUS INFORMATION

3.1 Paper Copy

After the documents were stamped with sequential numbers and indexed as described below, the
documents were filed in sequential order in fireproof file cabinets within a security area. At the
completion of staff reviews, the documents, including the SL-1 Document File Coding Sheets, were
removed from the cabinets and placed into 67 records storage boxes.

A records storage receipt was completed and the boxes were transferred to the INEEL Records
Holding Area. (See Appendix C—Records Storage Receipt # DOE 2010.) The records storage receipt
identifies the contents of the documents stored in the records storage box. Boxes 1 through 52 contain the
archival copies of the SL-1 documents in order of the sequential document number. Boxes 53 through 58
contain copies of the SL-1 Coding Sheets. Boxes 59 through 67 contain duplicate copies of the Coding
Sheets. Occasionally, documents are missing from a series. The missing document numbers are
identified and noted as such on the record storage receipt. The missing document numbers have been
modified as noted in Appendix A.

For more details, refer to Section 4, Finding Aids—SL-1 Index Format Description.

NOTE. Recently, seven additional SL-1 documents have been located. These documents have
been assigned Sequence Numbers 25225 through 25231, microfilmed, and added to the SL-1 ADoCS
database.

3.2 Microfilm Copy

Three microfilm copies were made of the SL-1 documents. Each copy contains 69 rolls of 16 mm
type film. One of those copies is a diazo duplication. The other two copies were produced to archival
processing standards. One copy has been transferred to National Archives and Records Administration
(NARA). One copy and the diazo copy are retained at the INEEL for administrative and reference
purposes.

A Composite Index List is included. The index cross-references the microfilm Reel Number and
Index Point, and the Records Storage Box number for the paper copy. (See Appendix E)

1. Index points exist on the film in the form of wide, double blips that can be found by
automatic readers.

NOTE: The blips that match photographs may not read well, if at all, because the blips were
processed for continuous tone. This was necessary in order to preserve the tonal range of
the original photographs. Therefore, photographs may need to be referenced by visual
scan.

2. The index points also exist as “flash cards” that are large, visually readable numbers that
correspond to the index point.

Prints can be made from the microfilm in any printer.
NOTE: Quality prints from the microfilmed photographs will require a printing technique

capable of preserving the photograph’s original tonal range. Handmade processing in a
photo laboratory may be necessary for good quality prints.





3.3 SL-1 Accident Video—Atomic Energy Commission Production

The enclosed video production entitled SL-1 Accident — (Parts 1, 11, 111) is an excellent narrative
concerning the accident. The video provides information on the actions, including the accident,
construction, operation, recovery, investigation, and cleanup (decontamination) of the SL-1 accident area.
It is suggested that a few moments be spent looking at the video production. Even though the video is
lengthy (90 minutes), viewing at least the parts of it concerning the accident, and possible causes, will
provide an overview that can aid in the search of SL-1 documents.

Two reels of 16 mm movie films with the same title and “short lists” are included in the collection.
The AEC video was copied from these reels.

Please contact the National Archives personnel to view the video.

4. FINDING AIDS—SL-1 INDEX FORMAT DESCRIPTION

A team of trained individuals, who read each document in order to complete the file preparation
and index task, took the following steps during the development of the ADoCS database:

° Each collected document was stamped with a unique sequential number.
° Key words or phrases and dates were identified and selected.

NOTE: Itis suggested that persons who access the SL-1 documentation familiarize themselves
with the SL-1 Key Word List. Appendix F contains the SL-1 Key Word List
(Unabridged) or Appendix G contains the SL-1 Key Word List (Abridged). The abridged
version of the list is provided as a “short cut” for key word searches. This familiarization
will introduce the key words used in the indexing system and enhance the proficiency of
search efforts.

. The sequential number and key words were entered onto SL-1 Document File Coding
Sheets.

5. FINDING AIDS—DESCRIPTORS

The following descriptors (categories) were assigned to the SL-1 documents:

. DESIGN—up to the end of 1957

. CONSTRUCTION—1957 through 1959

. OPERATION—1959 through January 3, 1961

. ACCIDENT—January 3-10, 1961

. RECOVERY—May 1961

. INVESTIGATION—nhearing notes, etc., anytime after the accident
. CLEANUP—May 1961 forward.

These “descriptors” are the basis of a modified key word search. The descriptors can be important
in establishing time periods addressed by specific document subject matter.





In addition, most documents were categorized by document type. (See Appendix D—DOCTYPE.)
Searching by this method can focus criteria to more specific interest of the search scope. This search
method can link like subjects. For example, a search scope can be expanded from the basic
DOCTYPE 20, REPORTS, into 21 RESEARCH REPORT, 22 ACCIDENT REPORT, 26 SAFETY
REPORT, 29 CORONER REPORT, etc.

6. SEARCH PROCEDURES

6.1 Explanation and Use of Key Words

The basic search criteria for a researcher/ requestor is to find specific sequential document
numbers. The following procedures should be employed to locate document sequence numbers.

The SI-1 ADoCS data base has been migrated into an Access SL-1 Data Repository. This
repository incorporates the ADoCS capabilities. It must be understood that the Access SL-1 Data
Repository does not have full text retrieval capabilities. However, using subject matter and terms selected
from the SL-1 key words list will provide basic indexes for quick search and retrieval purposes.
Customized lists provide an added level of detail for search and retrieval of pertinent information. Based
on the purpose and interest levels, requestors may create customized key word lists using words listed in
either Appendix F or Appendix G. To better use the SL-1 Database and aid in the retrieval of desired
documents, it is suggested that researchers/requestors study the key words list. The SL-1 Key Word list
includes spelling variations, acronyms, and indexes that will aid in determining the search criteria.

Appendixes F or G includes the SL-1 key word entries in the same form and spelling originally
entered into the ADoCS computer database. Originally, words or phrases were selected that best
described the essence of the documents. (It should be noted that the key words are created from the
viewpoint of legal values, based on the legal rights of dependent survivors, rather than historic values.)

NOTE: Records storage box # 13051 contains a computer run that is an additional finding aid,
entitled SL-1 LEGAL AUDIT FILE MASTER - SORTED BY SEQUENCE NO. The File
Master is self-explanatory. Itisa summary of all the document sequence numbers with
data taken from the sequential number and key word entries into the Access SL-1 Data
Repository database.

6.2 SL-1 Document Index Database

Whether searching for a particular value, one record, or a group of records, there are many ways to
find the requested data by using the SL-1 Repository Document Index Database.

. Using the Find dialog box, specific records or certain values within defined fields can be
located by navigating through the SL-1 records for each occurrence of the item being
searched.

. Sets of records can be temporarily isolated and viewed when filters are used.

NOTE: The Find Dialog box can be used while a filter is active to find a word or phrase within
the set of records being searched.





° Every occurrence of a word can be located when key word searches are used within the
Document Number, Receiver Name, Originator Name, Subject 1, Subject 2, Key word 1,

Key word 2, Key word 3, and Key word 4 fields.

. Also, with like (soundex), every occurrence of a word that sounds like a word can be
located. This option is much the same as the suggested correct spelling list from a word

processor.

FIND:

To initialize the Find Dialog Box, (Figure 1), click on the field glass symbol located within the

SL1-Document Data form.

1. Type the selected value into the Find What box.

NOTE: If exact values are not known “wildcard” characters can be used. (See
Supplement for the use of wildcard characters and examples.)

2. Select the one of the options available in the Match select box to match the selected value in

entered into the Find What box.

NOTE: Any Part of Field, Whole Field, or Start of Field is available options. The Any
Part of Field option locates the selected value anywhere within the chosen field.
The Whole Field option must locate an exact match to the selected value. The
Start of Field option matches the value from the start of field.

3. Set other options in the Find dialog box.

4, Click Find First to find the first occurrence of the value.
5. Click Find Next to find the next occurrence of the value.

Continue to click on the Find Next field to locate all subsequent occurrences.
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FILTERS:

To activate the Filter Shortcut Menu (Figure 2), right-click in any field on the SL1-Document Data
form. There are three kinds of filters: Filter for Input, Filter By Selection, and Filter Excluding Select.

This type of filter Enables “searchers” to

Filter For Input Right-click in a field, and on the shortcut
menu. In the Filter For box, type the exact
value or expression searched for in that field
used as the search criteria.

Filter By Selection Select (highlight) all or part of a value, right-
click on the selected value, and then click
Filter By Selection on the shortcut menu to find
all records that contain the selected value
directly in the field.

Filter Excluding Selection Select (highlight) all or part of a value, right-

click on the selected value and then click Filter
Excluding Selection on the shortcut menu to
find all records that do not contain the selected
value directly in the field.
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Search Screen:

The Search screen provides the way for searches and filters that use key words, sound like, and

logic comparisons. The logic operators are AND, OR, and NOT. The unary operator is KEY WORD and

LIKE. Unary operator operates on only one word, not phrases. A date or date range can be specified

from this screen.

Operator Purpose Example

NOT Exclude records that do not Not [Word or Phrase]
meet the criteria

AND To specify multiple criteria in | [Word or Phrase] And [Word
the same field ; word or or Phrase]
phrase, to narrow down the
number of records selected

OR To specify multiple criteriain | [Word or Phrase] Or [Word or
the same field; word or phrase, | Phrase]
to widen the search.

KEY WORD Search the database for key Key word [Word]
words

LIKE Find key words that sounds Like [Word ]
like a word.

NOTE: Do not use the “[ ]” in the search.

To activate the Search Form, click the Search button from the SL1 Document Data form. Enter the
search criteria in the Words or Phrases box and Date Range (option). Click the Perform Search button.
The Count box will have the total number of records that met the search criteria and a list of the
document(s) will appear.

NOTE: Double-click on the document, or filter the SL1 Document Data form to view the
document(s). A list of documents can be printed if desired.





%, 5L1 Data

” File Edit Wiew Insert Format Records Tools wWindow Help

B Word Search = [o)x]

Specify Critenia [words or phrases] to search for in the fields: ‘ it I—U |
= = 1

t Mumber, Receiver Mame, 0 tor Mame, Subject], Subject2,
Keywordl., Keyword?, Keyword3, and Keyword4

Words or Phrases: Date Range: Perform Search |

Shart ,—| Print List |

End: E
f ! Clear

/ \ |

The Following documents #lch the seaich criteria. Double-click on Litle in list &Iuw to go directly to it's record.

Display Filter

|Form Wiey l_ MLUIM
iﬂﬁlalll & Time Tracker ”% 5L1 Data ¥ Miciozoft word | %3'@'33 715 AM

Figure 3. /Search Screen.

Enter Search Criteria in this box. (Note: Type Keyword before the selected search cxiteria is entered.
This will accelerate the search process.)

To specify a document date, enter the Start Date. For a date range, enter both the Start and End Date.





SUPPLEMENT—ADbout using wildcard characters to search for partial or matching values

Use wildcard characters as placeholders for other characters when part of a value is known, or
values start with a specific letter, or to match a certain pattern.

To find such things as field values, records, or file names, the following characters in the Find and
Replace dialog boxes, or in queries, commands, and expressions, can be used.

Character Usage Example
* Matches any number of wh* finds what, white, and
characters. It can be used as why

the first or last character in the
character string.

? Matches any single alphabetic | B?ll finds ball, bell, and bill
character.

[1 Matches any single character | b[ae]ll finds ball and bell but
within the brackets. not bill

! Matches any character not in b['ae]ll finds bill and bull but
the brackets. not bell

- Matches any one of a range of | b[a-c]d finds bad, bbd, and
characters. bcd

Note: The range must be in
ascending order Ato Z, not Z
to A.

# Matches any single numeric 1#3 finds 103, 113, 123
character.

NOTE: When using wildcard characters to search for an asterisk (*), question mark (?), number sign
(#), opening bracket ([), or hyphen (-), the searched item must be enclosed in brackets. For
example, to search for a question mark, type [?] in the Find dialog box. When searching for a
hyphen and other characters simultaneously, place the hyphen before or after all the other
characters inside the brackets. (However, when searching for an exclamation point (!) after the
opening bracket, place the hyphen after the exclamation point.) It is not necessary to enclose
the items in brackets when searching for an exclamation point (!) or closing bracket (J).
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7. RETRIEVAL

After the search efforts to locate the desired sequential numbered documents have been completed,
either the paper copy(s) and/or the microfilm copy(s) can be retrieved as outlined in 7.1 and 7.2 below.

7.1 Paper Copy
1. Identify requested sequence number.

2. Reference Appendix E or the SL-1 Records Storage Receipt (Appendix C) and locate the
sequence number from the recorded series.

3. The paper copy will be located in the agency record storage box as shown.

7.2  Microfilm Copy
1. Identify requested sequence number.
2. Reference Appendix E and locate the sequence number from the record series.

3. The microfilm copy will be located in the Reel Number and Index Point as shown.

8. NARA PERSONNEL—RESTRICTIONS

The SL-1 records are subject to the FOIA standard restrictions and provisions of 44 U.S.C.
Chapter 21, 41 C.F.R. 101-11.411, 41 C.F.R.105-61, and such other rules or regulations as may be
prescribed by the Administrator of General Services or the Archivist of the United States. Also, the SL-1
records are subject to the Privacy Act exemption of the Freedom of Information Act (5 U.S.C. 552b.6).

Some SL-1 documents contain personal, medical, and radiation exposure information about

individuals and are interspersed throughout the entire SL-1 collection. This information is exempt from
disclosure. Therefore, each document will need to be screened against these restrictions before release.
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Appendix A

Additional SL-1 Documents Stored at Seattle Federal
Records Center





T-v

ADDITIONAL SL-1 DOCUMENTS STORED AT SEATTLE FEDERAL RECORDS CENTER

AGENCY FRC RECORDS DISPOSITION DESCRIPTION REMARKS
INFORMATION INFORMATION
RECORDS DESTRUCTION
SCHEDULE REVIEW DATE
D 11016 434 83 0160 700000 23 | D25-6-a 4/29/2056 Contains SL-1 Dosimetry Should not be removed before
badge reports destruction.
D 11042 434 83 0160 700000 50 | D25-6-a 4/29/2056 Contains SL-1 Dosimetry Should not be removed before
badge reports. destruction.
D11042B 434 83 0160 700000 51 | D25-6-a 4/29/2056 Contains SL-1 Dosimetry Should not be removed before
badge reports. destruction.
137526 434 97 0446 2003583 3 | U1-8-d 11/01/2000 Contains SL-1 Buried reactor | Should not be removed before
area. destruction.
137547 434 97 0446 2003599 3 | U1-8-d 3/26/2001 Contains SL-1 Buried reactor | Should not be removed before
area. destruction.
D 13663 434 88 195 63197 6 D26-9-a Scheduled for 1985 DOE-ID General
(Permanent) transfer to National Council Legal Files.
Archives 10/2010 Contains photographs and
photo slides of SL-1 accident.
D 13670 434 88 0195 130966 6 D26-9-a Scheduled for 1985 DOE-ID General
(Permanent) transfer to National Council Legal Files.
Archives 10/2010 Contains two reels of SL-1
movies.






v

ADDITIONAL SL-1 DOCUMENTS STORED AT SEATTLE FEDERAL RECORDS CENTER

AGENCY FRC RECORDS DISPOSITION DESCRIPTION REMARKS
INFORMATION INFORMATION
RECORDS DESTRUCTION
SCHEDULE REVIEW DATE

P 13860 70 A 1037 132037 H & S Reg 4/10/2029 HP Subject Files. Contains Should not be removed before
SL-1 badge reports. destruction.

P 17870 70 A 1464 356719 H & S Reg 4/10/2039 HP Subject Files. Contains Should not be removed before
SL-1 badge reports. destruction.

D 10175 430 81 0018 34009 1 B18-26-a 1/15/2029 1961 Incident Report. Should not be removed before
Contains SL-1 badge reports. | destruction.

P 24381 70 A 1037 1322323 H & S Reg 3/28/2041 1965 H&S Subject Files. Should not be removed before
Contains Health Physics destruction.
documentation on SL-1
incident.

P 24384 70 A 1037 132326 H & S Reg 3/28/2041 1964 HP Subject File. Should not be removed before
Contains Health Physics destruction.
documentation on SL-1
incident.

72086 434 96 0402 20120711 | Ul-6-D-1 12/31/2036 1961 Individual Health Case | Should not be removed before
File SL-1 biweekly reports. destruction.

72087 434 96 0402 2012072 2 | U1-6-D-1 12/31/2036 1961 Individual Health Case | Should not be removed before
File. List of radiation destruction.
exposures to SL-1 incident.

72088 434 96 0402 2012073 3 | U1-6-D-1 12/31/2036 1961 Individual Health Case | Should not be removed before
File. List of radiation destruction.
exposures to SL-1 incident.






Appendix B

Missing SL-1 Sequential Numbers Reconciliation Sheet





MISSING SL-1 | WAS ORIG. REASON SEQUENTIAL NUMBER IS | STATUS OF SL-1 CODING INDEX
SEQUENTIAL | SEQ. # MISSING SHEET
NUMBERS ENTERED
INTO DBASE?
Was Index Sheet
Date Found Located?
Vol. No Missing COMMENTS Location Box # | Yes/Copied | No
The following sequential numbers are missing from database. The documents are in the boxes but the index sheets are missing
therefore not keyword searchable.
6081-6090 10 X D13060 X
10431-10450 20 X D13061 X
12021-12030 10 X SL-1 Entry Logs X
14211-14270 60 X X
14410-14530 21 X X
14808-14930 123 X X
18701-18710 10 X X
18721-18740 20 X X
18771-18790 20 X X
18831- 18840 10 X X
18851- 18860 10 X X
18871- 18930 60 X X
18961- 18970 10 X X
18981-18990 10 X X
19001-19110 10 X X
19161-19170 10 X X
19181-19190 10 X X
19201-19260 60 X X
19451-19540 90 X X
19691-19700 10 X X
19913-19950 38 X X
19967 & 19968 | 2 X X
19981-20000 20 X X
20347 1 X X
20349 1 X X
20350 1 X X
21641-21750 110 X X
Total Volume 757

B-1






MISSING SL-1 | WAS ORIG. REASON SEQUENTIAL NUMBER IS | STATUS OF SL-1 CODING INDEX
SEQUENTIAL | SEQ.# MISSING SHEET
NUMBERS ENTERED
INTO DBASE?
Was Index Sheet
Located?
Date Found
Vol. No Missing COMMENTS Location Box# | Yes/Copied | No

The following Sequential numbers are

missing. Reaso

ns are unknown.

16173

1 X

6/5/85

16735 - 16736

16893

17185

17599

17749

17900

18256

19275

19305

19911

20063

20090

20105

20136

20228

20486

20564 — 20566

21100

21511

21513 - 21516

21518

21599

21837

21862

21893

21930

22290

22306

S GG I G G G G G G R R GRS

22400 —22409

[ERN
o

22410

XX XXX XXX XX XXX XX XX XX XXX XXX XXX XX

[ERN

Original placed in safe.

XXX XXX XX XXX XXX XXX XXX XXX XX XXX XXX

B-2






22448 — 22450 3 X 6/5/85 X
22476 — 22492 17 X “ X
22505 1 X “ X
22787 1 X 6/5/85 X
22797 — 22799 3 X “ X
22960 1 X “ X
Totals 72

B-3






Appendix C
SL-1 Records Storage Receipt #DOE 2010
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Appendix D
Doctype





DOCTYPE

00 MISCELLANEQOUS 60 OPERATING DOCUMENTS
01 PERSONAL NOTES 61 OPERATIONS LOGS
62 OPERATIONS DAILY REPORTS
10 CORRESPONDENCE 63 OPERATING PROCEDURES
11 LETTER - INTERAGENCY 64 TRAINER MANUALS
12 LETTER - EXTERNAL 65 SAFETY PROCEDURES
13 MEMO - TELEPHONE NOTES 66 ACCIDENT CHRONOLOGY LOGS
14 TELEX 67 RECOVERY CHRONOLOGY
15 ANNOUNCEMENTS 68 RECOVERY CHRONOLOGY
69 RECOVERY PROCEDURES
20 REPORTS 70 CONTRACTING DOCUMENTS
21 RESEARCH REPORT 71 SCHEDULE WORKSHEETS
22 ACCIDENT REPORT 72 REQUESTS FOR PROPOSALS
23 STUDY REPORT 73 PROPOSALS
24 SAMPLE REPORT 74 CONTRACTS
25 DECONTAMINATION REPORTS 75 INVOICE
26 SAFETY REPORTS 76 CONTRACT COST ANALYSIS
27 RADIATION AREA MAPS OR REPORTS 77 REQUISITION, MATERIAL
28 INVESTIGATION REPORT 78 VENDOR DOCUMENTS
29 CORONER REPORT
30 ARTICLE 80 ADMINISTRATIVE DOCUMENT
31 NEWSPAPER ARTICLES 81 PERSONNEL FILE
32 NEWS LETTER 82 TRAVEL FILE
33 PRESS RELEASE 83 REQUISITION, PERSONNEL
40 MEETING DOCUMENTS 84 RADIATION EXPOSURE FILE
41 HEARING TRANSCRIPT (INCL. TESTIMONY) |85 MEDICAL REPORTS FILE
42 INTERVIEWS
43 MEETING MINUTES
50 RAW DATA
51 STRIP CHARTS
52 GRAPHS
53 DRAWINGS (SCHEMATIC, LAYOUT, ETC.)
54 TABLE
55 MAP
56 VIEWGRAPH
57 PHOTO
58 FILM (MOVIE, VIDEO, AUDIO TAPES)
59 TECHNICAL ANALYSIS
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Composite Index List





Composition Index List

Reel Index Records
ADOoCS Document Number No. Point Box Comments

00001 - 00100 1 1 13006

00001 - 00200 49 21 13058 |SL-1 ADoCS Document Coding Sheets
00001 - 02501 43 9 13052  |Master File Sorted by ADoCS number.
00101 - 00200 1 2 13006

00201 - 00300 1 3 13006

00201 - 00400 49 22 13058 |SL-1 ADoCS Document Coding Sheets
00301 - 00400 1 4 13006

00401 - 00500 1 5 13006

00401 - 00600 49 23 13058 |SL-1 ADoCS Document Coding Sheets
00501 - 00600 1 6 13006

00601 - 00700 1 7 13006

00601 - 00800 49 24 13058 |SL-1 ADoCS Document Coding Sheets
00701 - 00800 1 8 13006

00761 - 00770 2 1 13006

00801 - 00900 1 9 13006  |Excluding 761-770

00801 - 01000 49 25 13058 |SL-1 ADoCS Document Coding Sheets
00901 - 01000 2 2 13006

01001 - 01100 2 3 13006

01001 - 01200 49 26 13058 |SL-1 ADoCS Document Coding Sheets
01101 - 01200 2 4 13006

01201 - 01300 2 5 13006

01201 - 01400 49 27 13958 |SL-1 ADoCS Document Coding Sheets
01301 - 01400 2 6 13007

01401 - 01500 2 7 13007

01401 - 01600 49 28 13058 |SL-1 ADoCS Document Coding Sheets
01501 - 01600 2 8 13007

01601 - 01702 2 9 13007

01601 - 01800 49 29 13058 |SL-1 ADoCS Document Coding Sheets
01703 - 01800 2 10 13007

01801 - 01900 2 11 13007

01801 - 02000 49 30 13058 |SL-1 ADoCS Document Coding Sheets
01901 - 02000 2 12 13007

02001 - 02100 13 13007

02001 - 02200 49 31 13058 |SL-1 ADoCS Document Coding Sheets
02101 - 02200 2 14 13007

02201 - 02300 3 1 13007

02201 - 02400 50 1 13058 |SL-1 ADoCS Document Coding Sheets
02301 - 02400 2 13007

02401 - 02500 3 13007

02401 - 02600 50 2 13058 |SL-1 ADoCS Document Coding Sheets
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
02501 - 02600 3 4 13007
02501 - 05002 43 10 13052  |Master File Sorted by ADoCS number.
02601 - 02700 3 5 13007
02601 - 02800 50 3 13058 |SL-1 ADoCS Document Coding Sheets
02701 - 02800 3 6 13007
02801 - 02900 3 7 13008
02801 - 03000 50 4 13058 |SL-1 ADoCS Document Coding Sheets
02901 - 03000 3 8 13008
03001 - 03200 50 5 13059 |SL-1 ADoCS Document Coding Sheets
03001 - 03100 3 9 13008
03101 - 03201 3 10 13008
50 6 13059 |SL-1 ADoCS Document Coding Sheets
03202 - 03300 3 11 13008
03301 - 03320 3 12 13008
03321 - 03400 4 1 13008
3333 4 8 13008 |4 photographs. Part of 3333
3336 4 9 13008 |3 photographs. Part of 3336
03401 - 03500 4 2 13008
03401 - 03600 50 7 13059 |SL-1 ADoCS Document Coding Sheets
03501 - 03600 4 3 13008
03601 - 03700 4 4 13008
03601 - 03800 50 8 13059 |SL-1 ADoCS Document Coding Sheets
03701 - 03800 4 5 13008
3729 4 10 13009 |2 photographs. Part of 3729
03801 - 03900 4 6 13009
03801 - 04000 50 9 13059 |SL-1 ADoCS Document Coding Sheets
03901 - 03930 4 7 13009
03931 - 04000 5 1 13009
04001 - 04100 5 2 13009
04001 - 04200 50 10 13059 |SL-1 ADoCS Document Coding Sheets
04101 - 04200 5 3 13009
04201 - 04300 5 4 13009
04201 - 04400 50 11 13059 |SL-1 ADoCS Document Coding Sheets
04301 - 04400 5 5 13009
04401 - 04500 5 6 13009
04401 - 04600 50 12 13059 |SL-1 ADoCS Document Coding Sheets
04501 - 04509 5 7 13009
04510 - 04550 5 7 13010
04521 - 04523 5 8 13010
04524 - 04530 6 1 13010
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
04531 - 04535 6 2 13010
04536 - 04540 6 3 13010
04541 - 04545 6 4 13010
4544 6 6 13010 |8 photographs. Part of 4544
04546 - 04550 6 5 13010
04551 - 04555 7 1 13011
04556 - 04560 7 2 13011
04561 - 04565 7 3 13011
04566 - 04570 7 4 13011
04571 - 04575 7 5 13011
04576 - 04580 8 1 13011
4576 8 9 13011 |Photographs from Doc # 4576
04581 - 04585 8 2 13011
4584 8 10 13011 |Photographs from Doc# 4584
04586 - 04590 8 3 13011
4586 8 11 13011 |Photographs from Doc # 4586
4587 8 12 13011 |Photographs from Doc # 4587
4589 8 13 13011  |Photographs from Doc # 4589
04591 - 04595 8 4 13012
4592 8 14 13012 |Photographs from Doc # 4592
04596 - 04600 8 5 13012
4596 8 15 13012 |Photographs from Doc # 4596
4597 8 16 13012  |Photographs from Doc # 4597
04601 - 04700 8 6 13012
04601 - 04800 51 1 13059 |SL-1 ADoCS Document Coding Sheets
04701 - 04800 8 7 13012
4770 8 17 13012 |Photographs from Doc # 4770
04801 - 05000 8 8 13012
04801 - 05000 51 2 13059 |SL-1 ADoCS Document Coding Sheets
05001 - 05100 9 1 13012
05001 - 05200 51 3 13059 |SL-1 ADoCS Document Coding Sheets
05003 - 07500 46 1 13052 |Master File Sorted by ADoCS number.
05101 - 05200 2 13012
05201 - 05300 3 13012
05201 - 05400 51 3 13059 |SL-1 ADoCS Document Coding Sheets
05301 - 05400 4 13012
05401 - 05500 5 13012
05401 - 05600 51 5 13059 |SL-1 ADoCS Document Coding Sheets
05501 - 05600 9 6 13013
05600 - 05800 51 6 13059 |SL-1 ADoCS Document Coding Sheets
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Reel Index Records
ADO0CS Document Number No. Point Box Comments

05601 - 05690 9 7 13013
05701 - 05710 9 8 13013
05711 - 05810 10 1 13013
05801 - 06000 51 7 13059 |SL-1 ADoCS Document Coding Sheets
05811 - 05920 10 2 13013
05921 - 06000 10 3 13013
06001 - 06100 10 4 13013

6045 10 5 13013  |Refilmed -- missing page in sequence.
06001 - 06200 54 1 13060 |SL-1 ADoCS Document Coding Sheets
06101 - 06120 10 6 13014
06121 - 06124 10 7 13014
06125 - 06126 11 1 13014
06128 - 06129 11 2 13014

6130 11 3 13014
06131 - 06134 11 4 13015 |Radiation exposures by name
06141 - 06147 11 6 13015

6148 11 7 13015
06151 - 06160 11 8 13016
06161 - 06170 11 9 13016
06171 - 06200 11 10 13016
06201 - 06300 11 11 13016
06201 - 06400 54 2 13060 |SL-1 ADoCS Document Coding Sheets
06301 - 06400 11 12 13016
06401 - 06600 54 3 13060 |SL-1 ADoCS Document Coding Sheets
06401- 06500 12 1 13016
06501 - 06600 12 2 13017
06601 - 06700 12 3 13017
06601 - 06800 54 4 13060 |SL-1 ADoCS Document Coding Sheets
06701 - 06800 12 4 13017
06801 - 06900 12 5 13017
06801 - 07000 54 5 13060 |SL-1 ADoCS Document Coding Sheets
06901 - 07000 12 6 13017
07001 - 07110 12 7 13017
07001 - 07200 54 6 13060 |SL-1 ADoCS Document Coding Sheets
07111 - 07130 12 8 13017
07131 - 07150 12 9 13018 |Movie Film
07151 - 07200 12 10 13018
07201 - 07300 12 11 13018
07201 - 07400 54 7 13060 |SL-1 ADoCS Document Coding Sheets
07301 - 07400 12 12 13018

E-4






Reel Index Records
ADO0CS Document Number No. Point Box Comments

07401 - 07450 12 13 13019

07401 - 07600 54 8 13060 |SL-1 ADoCS Document Coding Sheets
07451 - 07500 13 1 13019

07501 - 07600 13 2 13019

07501 - 10002 46 2 13053  |Master File Sorted by ADoCS number.
07601 - 07700 13 3 13019

07601 - 07800 54 9 13060 |SL-1 ADoCS Document Coding Sheets
07701 - 07800 13 4 13019

07801 - 07850 13 5 13019

07801 - 08000 54 10 13060 |SL-1 ADoCS Document Coding Sheets
07851 - 07868 13 6 13019

07869 - 07900 14 1 13019

07901 - 07950 14 2 13020

07951 - 07960 14 3 13020

07961 - 08000 14 4 13020

08001 - 08095 14 5 13020

08001 - 08200 54 11 13060 |SL-1 ADoCS Document Coding Sheets
08096 - 08100 15 1 13020

08101 - 08200 15 2 13020

08201 - 08300 15 3 13020

08201 - 08300 54 12 13060 |SL-1 ADoCS Document Coding Sheets
08301 - 08400 15 4 13020

08301 - 08500 55 2 13060 |SL-1 ADoCS Document Coding Sheets
08401 - 08500 15 5 13021

08501 - 08600 15 6 13021

08501 - 08700 55 3 13060 |SL-1 ADoCS Document Coding Sheets
08601 - 08700 15 7 13021 |8681 — 8700 are movie film

08701 - 08800 15 8 13022 |8701 — 8710 are movie film

08701 - 08900 55 4 13060 |SL-1 ADoCS Document Coding Sheets
08801 - 08900 15 9 13022

08901 - 08980 15 10 13022

08901 - 09000 55 5 13060 |SL-1 ADoCS Document Coding Sheets
09001 - 09100 55 5 13061 |SL-1 ADoCS Document Coding Sheets
08981 - 09100 16 1 13022

09101 - 09200 16 2 13023

09101 - 09300 55 6 13061 |SL-1 ADoCS Document Coding Sheets
09201 - 09300 16 3 13023

09301 - 09400 16 4 13023

09301 - 09500 55 7 13061 |SL-1 ADoCS Document Coding Sheets
09401 - 09470 16 5 13023
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
09471 - 09475 16 6 13023
09476 - 09480 16 7 13023
9481 16 8 13023
09482 - 09483 17 1 13023
09484 - 09485 17 2 13023
09486 - 09487 17 3 13023
09488 - 09489 17 4 13023
9490 17 5 13023
9492 17 6 13024
9493 17 7 13024
09494 - 09497 17 8 13024
09498 - 09500 17 9 13024
09501 - 09550 17 10 13025
09501 - 09700 55 8 13061 |SL-1 ADoCS Document Coding Sheets
09551 - 09600 18 1 13025
09601 - 09650 18 2 13025
9630 18 22 13025 |6 photographs from 9630
09651 - 09700 18 3 13025
9691 17 5 13024
09701 - 09750 18 4 13025
09701 - 09900 55 13061 |SL-1 ADoCS Document Coding Sheets
09751 - 09800 18 23 13025 |Photographs
09801 - 09860 18 24 13025 |Photographs
09861 - 09900 18 5 13025
09901 - 09950 18 6 13025
09901 - 10100 55 10 13061 |SL-1 ADoCS Document Coding Sheets
09951 - 09990 18 7 13025
09991 - 10020 18 25 13025 |Photographs
10003 - 12532 46 3 13053 |Master File Sorted by ADoCS number.
10021 - 10100 19 7 13025 |Drawings on 35MM Rolls
10101 - 10300 55 11 13061 |SL-1 ADoCS Document Coding Sheets
10101 - 10380 19 7 13026
10301 - 10500 55 12 13061 |SL-1 ADoCS Document Coding Sheets
10381 - 10400 18 8 13026
10401 - 10409 18 9 13026
10410 19 512 13026  |Drawings on 35 MM roll 19
10411 - 10450 18 10 13026
10451 - 10500 18 11 13026
10501 - 10550 18 12 13026
10501 - 10600 56 1 13061 |SL-1 ADoCS Document Coding Sheets
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Reel | Index | Records
ADO0CS Document Number No. Point Box Comments

10551 - 10600 18 13 13026
10601 - 10650 18 14 13026
10601 - 10800 56 2 13061 |SL-1 ADoCS Document Coding Sheets
10651 - 10700 18 15 13026
10701 - 10740 18 16 13027

10711 19 513 13027  |Drawings on 35 MM roll
10751 - 10800 18 17 13027
10801 - 10850 18 18 13027
10801 - 11000 56 3 13061 |SL-1 ADoCS Document Coding Sheets
10851 - 10906 18 19 13027
10907 - 10910 19 514 13027 |Drawing on 35 MM roll
10911 - 10926 18 26 13027  |Photographs
10927 - 10938 19 518 13027  |Drawings on 35 MM roll
10939 - 10950 18 20 13027
10951 - 10962 18 21 13027
10963 - 10970 18 27 13027  |Photographs
10971 - 11000 20 1 13027

10995 19 530 13027  |Drawing on 35 MM roll
11001 - 11050 20 2 13027
11001 - 11200 56 4 13061 |SL-1 ADoCS Document Coding Sheets
11051 - 11100 20 3 13027
11101 - 11150 20 4 13027

11139 19 532 13027  |Drawings on 35 MM roll
11151 - 11200 20 5 13027
11201 - 11246 20 6 13027
11201 - 11400 56 5 13061 |SL-1 ADoCS Document Coding Sheets
11247 - 11270 19 533 13027  |Drawings on 35 MM roll
11271 - 11296 20 7 13027
11297 - 11410 22 7 13027 |Drawings on 35 MM roll
11401 - 11600 56 6 13061 |SL-1 ADoCS Document Coding Sheets
11411 - 11460 13027  |Missing
11461 - 11500 20 8 13027
11501 - 11550 20 9 13027
11551 - 11600 20 10 13027
11601 - 11650 20 11 13027
11601 - 11790 56 7 13061 |SL-1 ADoCS Document Coding Sheets
11651 - 11700 20 12 13027
11701 - 11750 20 13 13028
11751 - 11800 20 14 13028
11801 - 11850 20 15 13028
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
11811 - 12000 56 8 13061 |SL-1 ADoCS Document Coding Sheets
11901 - 11950 20 17 13028
11951 - 11900 20 16 13028
11951 - 12000 21 1 13028
12001 - 12050 21 2 13028
12001 - 12600 56 9 13062 |SL-1 ADoCS Document Coding Sheets
12051 - 12100 21 3 13028
12101 - 12150 21 4 13028
12151 - 12200 21 5 13028
12182 22 125 13028 |One Drawing on 35 MM roll
12201 - 12250 21 6 13028
12251 - 12300 21 7 13028
12301 - 12600 22 126 13028 |Drawings on 35 MM roll
12533 - 15000 46 4 13053 |Master File Sorted by ADoCS number.
12601 - 12650 21 8 13029
12601 - 12800 56 10 13062 |SL-1 ADoCS Document Coding Sheets
12651 - 12700 21 9 13029
12701 - 12750 21 10 13029
12730 22 472 13029 |Drawing on 35 MM
12751 - 12800 21 11 13029
12789 & 12790 22 478 13029  |Drawings on 35 MM Film
12801 - 12850 21 12 13029
12801 - 13000 56 11 13062 |SL-1 ADoCS Document Coding Sheets
12851 - 12874 21 13 13029
12875 - 12900 22 480 13029  |Drawings on 35 MM
12901 - 12940 21 14 13029
12913 & 12914 22 507 13029 |Drawings on 35 MM
12917 21 15 13029  |Photographs
12921 - 12940 21 16 13029 |Photographs
12941 21 17 13029 |Photographs
12942 21 18 13029 |Photographs
12943 21 19 13029  |Photographs
12944 23 1 13029 |Photographs
12945 23 2 13029 |Photographs
12946 23 3 13030 |Photographs
12947 23 4 13030 |Photographs
12948 23 5 13030
12949 23 6 13030
12950 23 7 13030
12951 - 13000 23 12 13030
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
13001 - 13050 23 13 13030
13001 - 13200 56 12 13062 |SL-1 ADoCS Document Coding Sheets
13051 - 13100 23 14 13030
13101 - 13104 23 15 13030
13102 23 8 13030
13105 - 13109 24 1 13030
13110 23 10 13030
13111 - 13150 24 2 13030
13151 - 13200 24 3 13030
13201 - 13222 24 4 13031
13201 - 13300 57 1 13062 |SL-1 ADoCS Document Coding Sheets
13222 23 11 13031
13223 - 13232 24 5 13031
13226 - 13408 45 8 13031 [Note: Reel 45 is a roll of 35MM film.
13233 - 13235 24 6 13031
13233 - 13235 53 1 13062  |Reel # 53 are photographs.
13236 - 13238 24 7 13031
13239 - 13250 24 8 13031
13251 - 13280 24 9 13031
13281 - 13310 24 10 13031
13301 - 13500 57 2 13062 |SL-1 ADoCS Document Coding Sheets
13311 - 13350 25 1 13031
13351 - 13400 25 2 13031
13390 - 17267 53 2 13031 |Reel # 53 are photographs.
13401 - 13450 25 3 13031
13451 - 13500 25 4 13031
13501 - 13550 25 5 13032
13501 - 13900 57 3 13062 |SL-1 ADoCS Document Coding Sheets
13507 - 13898 45 55 13032  |Note: Reel 45 is a roll of 35MM film.
13551 - 13600 25 6 13032
13601 - 13650 25 7 13032
13651 - 13700 25 8 13032
13701 - 13750 25 9 13032
13751 - 13767 25 10 13032
13778 - 13800 26 1 13032
13804 - 13850 26 2 13032
13851 - 13900 26 3 13032
13901 - 13940 26 4 13032
13901 - 14100 57 4 13062 |SL-1 ADoCS Document Coding Sheets
13941 - 14000 26 5 13032
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
14001 - 14080 26 6 13032
14081 - 14140 26 7 13032
14101 - 15000 57 5 13062 |SL-1 ADoCS Document Coding Sheets
14141 - 14200 26 8 13032
14201 - 14270 26 9 13033
14227 - 14930 45 146 13033  |Note: Reel 45 is a roll of 35MM film.
14271 - 14530 26 10 13033
14530 - 14672 27 1 13033
14673 - 14807 27 2 13033
14808 -15050 27 3 13033
15001 - 15200 57 6 13062 |SL-1 ADoCS Document Coding Sheets
15001 - 17499 44 3 13054 |Master File Sorted by ADoCS number.
15051 - 15190 27 4 13033
15191 - 15310 27 5 13033
15201 - 15400 57 7 13062 |SL-1 ADoCS Document Coding Sheets
15311 - 15490 27 6 13033
15401 - 15600 57 8 13062 |SL-1 ADoCS Document Coding Sheets
15491 - 15740 27 7 13033
15601 - 15800 57 9 13062 |SL-1 ADoCS Document Coding Sheets
15741 - 16000 27 8 13033
15801 - 15940 57 10 13062 |SL-1 ADoCS Document Coding Sheets
16001 - 16080 27 9 13034
16081 - 16150 28 1 13034
16119 - 16720 45 159 13034  [Note: Reel 45 is a roll of 35MM film.
16151 - 16290 28 2 13034
16291 - 16380 28 3 13034
16381 - 16470 28 4 13034
16471 - 16610 28 5 13034
16481 - 18800 57 11 13062 |SL-1 ADoCS Document Coding Sheets
16621 - 16690 28 6 13034
16691 - 16720 28 7 13034
16721 - 16800 29 1 13034
16801 - 16900 29 2 13034
16901 - 17120 29 3 13035
17121 - 17260 29 4 13035
17261 - 17300 29 5 13035
17291 - 17923 45 177 13035 |Note: Reel 45 is a roll of 35MM film.
17301 - 17370 29 13035
17358 - 20648 53 13062 |Reel # 53 are photographs.
17371 - 17480 29 13035
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Reel Index Records
ADO0CS Document Number No. Point Box Comments

17481 -17560 29 8 13035

17500 - 19960 44 4 13054  |Master File Sorted by ADoCS number.
17561 - 17710 30 1 13035

17711 - 18000 30 2 13035

18001 - 18010 30 2 13036

18011 - 18270 30 3 13036

18216 - 18916 45 264 13036 |Note: Reel 45 is a roll of 35MM film.
18271 - 18380 30 4 13036

18381 - 18520 30 5 13036

18521 - 18650 30 6 13036

18651 - 18750 30 7 13036

18751 - 18870 30 8 13036

18801 - 19000 57 12 13062 |SL-1 ADoCS Document Coding Sheets
18871 - 19000 31 1 13036

19001 - 19090 31 2 13037

19091 - 19120 31 3 13037

19111 - 19980 57 13 13062 |SL-1 ADoCS Document Coding Sheets
19121 - 19130 31 4 13037

19131 - 19140 31 5 13037

19141 - 19170 31 6 13037

19171 - 19190 31 7 13037

19191 - 19200 31 8 13037

19201 - 19230 31 9 13037

19231 - 19240 31 10 13037

19241 - 19250 31 11 13037

19251 -19300 31 12 13037

19301 - 19310 32 1 13037

19311 - 19320 32 2 13037

19321 - 19330 32 3 13037

19331 - 19340 32 4 13037

19341 - 19350 32 5 13037

19351 - 19360 32 6 13037

19361 - 19370 32 7 13037

19371 - 16380 32 8 13037

19381 - 19390 32 9 13037

19391 - 19400 32 10 13037

19401 - 19410 32 11 13037

19411 - 19420 32 12 13037

19421 - 19430 32 13 13037

19431 - 19440 32 14 13037
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
19441 - 19450 32 15 13037
19451 - 19460 32 16 13037
19452 - 19483 45 438 13037 |Note: Reel 45 is a roll of 35MM film.
19461 - 19470 32 17 13037
19473 - 19476 32 18 13037
19481 - 19490 32 19 13037
19491 - 19500 32 20 13037
19501 - 19510 32 21 13038
19511 - 19520 32 22 13038
19520 - 19530 32 23 13038
19531 - 19540 32 24 13038
19541- 19550 32 25 13038
19551 - 19560 32 26 13038
19561 - 19570 32 27 13038
19571 - 19580 32 28 13038
19581 - 19600 32 29 13038
19601 - 19650 32 30 13038
19651 - 19700 32 31 13038
19701 - 19750 32 32 13038
19751 - 19760 32 33 13038
19761 - 19800 32 34 13038
19801 - 19850 32 35 13038
19851 - 19900 32 36 13038
19854 - 20414 45 452 13038 [Note: Reel 45 is a roll of 35MM film.
19901 - 19950 32 37 13038
19951 - 20000 32 38 13038
20001 - 20010 32 39 13038
20001 - 22980 44 5 13054  |Master File Sorted by ADoCS number.
20011 - 20030 33 1 13038
20041 - 20100 33 2 13038
20101 - 20150 33 3 13038
20151 - 20200 33 4 13038
20201 - 20250 33 5 13038
20251 - 20300 33 6 13038
20301 - 20350 33 7 13038
20351 - 20400 33 8 13038
20401 - 20450 33 9 13039
20451 - 20500 33 10 13039
20500 - 20520 34 1 13039 |Continuation of 20500
20521 - 20550 34 2 13039
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
20551 - 20600 34 3 13039
20601 - 20630 34 4 13039
20631 - 20660 34 5 13039
20633 - 20873 45 462 13039 |Note: Reel 45 is a roll of 35MM film.
20661 - 20700 34 6 13039
20661 - 20868 53 4 13039 |Note: Reel # 53 are photographs.
20701 - 20750 34 7 13039
20751 - 20790 34 8 13039
20791 - 20810 34 9 13039
20811 - 20840 34 10 13039
20841 - 20870 34 11 13039
20871 - 20880 35 1 13039
20881 - 20900 35 2 13039
20901 - 20910 35 3 13040
20911 - 20920 35 4 13040
20921 - 20930 35 5 13040
20931 - 20960 35 6 13040
20961 - 21000 35 7 13040
21001 - 21040 36 1 13040
21041 - 21080 36 2 13040
21081 - 21100 36 3 13040
21101 - 21130 36 4 13040
21131 - 21140 36 5 13040  |Refilmed Reel 36 on Index Point 11
21131 - 21140 36 11 13040 |Refilmed from Reel 36 Index Point 5.
21141 - 21290 36 6 13040
21291 - 21410 36 7 13040
21411 - 21420 36 8 13040
21421 - 21450 37 1 13040
21451 - 21500 37 2 13040
21456 52 30 13040 |Roll Charts (Filmed at different index points.)
21456 52 54 13040 |Roll Charts (Filmed at different index points.)
21501 - 21550 37 3 13040
21537 - 22031 53 5 13040 |Note: Reel # 53 are photographs.
21551 - 21600 37 4 13041
21584 - 21998 45 475 13041 [Note: Reel 45 is a roll of 35MM film.
21601 - 21630 37 5 13041
21631 - 21660 37 6 13041
21661 - 21700 37 7 13041
21671 - 23100 58 1 13062 |SL-1 ADoCS Document Coding Sheets
21681 - 23100 58 1 13063 |SL-1 ADoCS Document Coding Sheets
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
21701 - 21750 37 8 13041
21751 - 21800 37 9 13041
21801 - 21830 37 10 13041
21831 - 21900 37 11 13041
21901 - 21960 37 12 13041
21961 - 22000 37 13 13041
22001 - 22030 39 1 13041
22018 - 22500 53 6 13041 |Note: Reel # 53 are photographs.
22021 - 24326 45 483 13046  |Note: Reel 45 is a roll of 35MM film.
22031 36 9 13042
22032 - 22108 36 10 13042
22109 - 22144 38 1 13042
22145 - 22214 38 2 13042
22215 - 22280 38 3 13042
22281 - 22340 38 4 13042
22341 - 22400 38 5 13042
22401 - 22432 38 6 13042
22421 - 22432 38 8 13043
22433 - 22435 38 9 13043
22433 - 22435 38 9 13043
22436 - 22439 38 10 13043
22440 - 22447 38 11 13043
22451 - 22460 38 7 13043
22461 - 22490 39 2 13044  |ADoCS Numbers 22494 thru 22504 missing
22477 52 1 13044  |Roll Charts
22478 52 2 13044  |Roll Charts
22479 52 3 13044  |Roll Charts
22480 52 4 13044  |Roll Charts
22501 - 22550 53 7 13044  |Note: Reel # 53 are photographs.
22551 - 22560 53 8 13044 |Note: Reel # 53 are photographs.
22601 - 22650 53 9 13044  |Note: Reel # 53 are photographs.
22651 - 22700 53 10 13044  |Note: Reel # 53 are photographs.
22701 - 22750 53 11 13044  |Note: Reel # 53 are photographs.
22751 - 22800 53 12 13044 |Note: Reel # 53 are photographs.
22801 - 22850 53 13 13044  |Note: Reel # 53 are photographs.
22851 - 22900 53 14 13044  |Note: Reel # 53 are photographs.
22901 - 22950 53 15 13044  |Note: Reel # 53 are photographs.
22951 - 22990 53 16 13044  |Note: Reel # 53 are photographs.
22991 53 16 13045 |Note: Reel # 53 are photographs.
22981 - 22990 39 3 13044
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
22991 - 23000 39 4 13045
23001 - 23060 39 5 13045
23036 - 23451 45 480 13045 |Note: Reel 45 is a roll of 35MM film.
23036 - 23491 53 17 13045 |Note: Reel # 53 are photographs.
23061 - 23100 39 6 13045
23101 - 23170 39 7 13045
23101 - 23300 58 2 13063 |SL-1 ADoCS Document Coding Sheets
23171 - 23220 39 8 13045
23221 - 23260 39 9 13045
23261 - 23310 39 10 13045
23301 - 23500 58 3 13063 |SL-1 ADoCS Document Coding Sheets
23311 - 23370 39 11 13045
23321 - 23330 39 13 13045
23371 - 23390 39 12 13045
23391 - 23430 41 1 13045
23431 - 23450 41 2 13045
23451 - 23490 41 3 13045
23491 - 23500 41 4 13045
23501 - 23700 58 4 13063 |SL-1 ADoCS Document Coding Sheets
23508 - 23875 53 18 13045 |Note: Reel # 53 are photographs.
23511 - 23540 41 5 13045
23541 - 23590 41 6 13045
23591 - 23600 40 15 13045
23601 - 23650 40 1 13046
23651 - 23660 40 2 13046
23661 - 23700 40 3 13046
23701 - 23750 40 4 13046
23701 - 23900 58 5 13063 |SL-1 ADoCS Document Coding Sheets
23751 - 23770 40 5 13046
23771 - 23830 40 6 13046
23831 - 23900 40 7 13046
23901 - 24010 40 8 13046
23901 - 24100 58 6 13063 |SL-1 ADoCS Document Coding Sheets
24011 - 24030 40 9 13046
24031 - 24160 40 10 13046
24101 - 24300 58 7 13063 |SL-1 ADoCS Document Coding Sheets
24161 - 24260 40 11 13046
24194 - 24196 42 7 13046
24261 - 24320 40 12 13046
24301 - 24500 58 8 13063 |SL-1 ADoCS Document Coding Sheets
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Reel Index Records
ADO0CS Document Number No. Point Box Comments

24321 - 24330 40 13 13046
24326 - 25197 45 508 13050 |Note: Reel 45 is a roll of 35MM film.
24331 - 24400 40 14 13046
24401 - 24460 41 13047
24461 - 24490 41 13047
24491 - 24560 41 13047
24501 - 24700 58 13063 |SL-1 ADoCS Document Coding Sheets
24561 - 24570 41 10 13047
24571 - 24630 41 11 13047 |Ist of 2 number 11 index points
24671 - 24690 41 11 13047 |2nd of 2 number 11 index points
24691 - 24760 41 12 13047
24701 - 24900 58 10 13063 |SL-1 ADoCS Document Coding Sheets
24726 - 24729 45 506 13047 |Note: Reel 45 is a roll of 35MM film.
24761 - 24770 41 13 13047
24771 - 24780 41 14 13047
24781 - 24820 41 15 13047
24821 - 24870 43 1 13047
24871- 24920 43 2 13047
24901 - 25100 58 11 13063 |SL-1 ADoCS Document Coding Sheets
24921 - 24970 43 3 13047
24971 - 25000 43 4 13047
25001 - 25020 43 5 13047
25021 - 25080 43 6 13047
25081 - 25090 43 7 13047
25091 - 25130 43 8 13047
25101 - 25190 59 1 13063 |SL-1 ADoCS Document Coding Sheets
25131 - 25137 52 5 13048 |Roll Charts

25136 52 6 13048  |Roll Charts

25138 52 7 13048  |Roll Charts

25139 52 8 13048 |Roll Charts

25140 52 9 13048  |Roll Charts

25141 52 10 13048 |Roll Charts

25142 52 11 13048  |Roll Charts

25143 52 12 13048  |Roll Charts

25144 52 13 13048 |Roll Charts

25145 52 14 13048 |Roll Charts

25146 52 15 13048 |Roll Charts

25147 52 16 13048  |Roll Charts

25148 52 17 13048 |Roll Charts

25149 52 18 13048 |Roll Charts
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Reel Index Records
ADO0CS Document Number No. Point Box Comments

25150 52 19 13048 |Roll Charts
25151 52 20 13048  |Roll Charts
25152 52 21 13048 |Roll Charts
25153 52 22 13048 |Roll Charts
25154 52 23 13048 |Roll Charts
25155 52 24 13048 |Roll Charts
25156 52 25 13048  |Roll Charts
25157 52 26 13048 |Roll Charts
25158 52 27 13048  |Roll Charts
25159 52 28 13048 |Roll Charts
25160 52 29 13048 |Roll Charts
25161 52 31 13049 |Roll Charts
25162 52 32 13049 |Roll Charts
25163 52 33 13049 |Roll Charts
25164 52 34 13049  |Roll Charts
25165 52 35 13049 |Roll Charts
25166 52 36 13049  |Roll Charts
25167 52 37 13049 |Roll Charts
25168 52 38 13049 |Roll Charts
25169 52 39 13049  |Roll Charts
25170 52 40 13049  |Roll Charts
25171 52 41 13049  |Roll Charts
25172 52 42 13049 |Roll Charts
25173 52 43 13049 |Roll Charts
25174 52 44 13049 |Roll Charts
25175 52 45 13049 |Roll Charts
25176 52 46 13049  |Roll Charts
25177 52 47 13049  |Roll Charts
25178 52 48 13049 |Roll Charts
25179 52 49 13049 |Roll Charts
25180 52 50 13049  |Roll Charts
25181 52 51 13049 |Roll Charts
25184 52 52 13049 |Roll Charts
25185 52 53 13049 |Roll Charts
25186 42 1 13050
25187 42 2 13050
25188 42 3 13050

25189 - 25191 42 4 13050
25192 42 5 13050
25193 42 6 13050
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
25194 - 25196 53 19 13050 |Note: Reel 45 is a roll of 35MM film.
25197 42 8 13050
25198 42 9 13050
25199 42 10 13050
25200 42 11 13050
25201 44 1 13050
25202 - 25224 44 2 13050
SL-1 MAPS 45 525 13055 |Note: Reel 45 is a roll of 35MM film.
Project Assignment 47 1 13055
Maps 47 2 13055
Critical experiment 1/62 47 3 13055
Drainage and inspection hole into SL- | 47 4 13055
1 Pressure Vessel Sept. 27, 1961
SL-1 Local Board, Roger Young 47 5 13055
7/12/60
SL-1 Approval of Key Personnel 47 6 13055
3/31/90
Excess property utilization & disposal | 47 7 13055
SL-1 Health Physics Manual 12/60 47 8 13055
SL-1 Malfunction Report # 33 8/24/60| 47 9 13055
MOD. 2 Subcontract # 274924 47 10 13055
Subcontract between Griscom Russell 47 11 13056
Company. Subcontract 274925 1961
SL-1 Cadre Relationship 47 12 13055
Health Physics Aspects of SL-1 47 13 13055
accident. John R. Horan, William
Gammill
Aerojet General File 726 Gentlemen 47 14 13055
SL-1
Mr. A. Lamata Itr. For Aeroject Gen. 47 15 13055
Nuc. Book 8/21/59
Training assignment James R. Howac | 47 16 13055
Mr. A. F. Miller 1/6/60 47 17 13055
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Reel Index Records
ADO0CS Document Number No. Point Box Comments
Annual Health Physics Evaluation 47 18 13055
Report October 19-20, 1960
Analyses of Insulation Materials 47 19 13055
Drainage and Inspection Hole into SL-| 47 20 13055
1 Pressure Vessel 9/14/61
ID 168 GAPLS Combustion 47 21 13055
Engineering
Reactivity magnitudes and addition 47 22 13055
Rates in Nuclear Excursions
Radiation Graphs and Data copies 47 23 13055
SL-1 Pressure Vessels 47 24 13055
SL-1 Area Radiation levels as of 47 25 13055
6/22/62
Evaluation of the Loss of Boron inthe | 47 26 13055
SL-1 core
Schedule SL-1 Core 1/62 47 27 13055
SL-1 Interim Report 3/5/62 47 28 13055
Environmental Monitoring Report No.| 47 29 13055
4
SL-1J. P. Lyon letter 47 30 13055
SL-1 Recovery 47 31 13055
Significance of Health Physics 47 32 13055
evidence in the trial of a case of
Radiation Personal Injury
Exposures, 3R SL-1 47 33 13055
SL-1 Mod. 2 to Sub 274924 47 34 13056
SL-1 Mod. 2 to Sub 274925 47 35 13056
H. E. Bohoer memo, misc. SL-1 47 36 13056
Sub. Griscom-Russell Company and 47 37 13056
AGN
V. V. Hendrix SL-1 47 38 13056
Contract No. (10-1) 967 Mod. 9 47 39 13056
SL-1 Vendor Data 47 40 13056
SL-1 Article 39 Contract 47 41 13056
SL-1 Annual Progress Report 47 42 13056
SL-1 Purchase Requisitions 47 43 13056
SL-1 Fund Requirements and 48 1 13056
Identification of obligation
SL-1 ABWR Program 10/1/60 - 48 2 13056
9/30/61
SL-1 Final Report 48 3 13056
Combustion Engineering Contract for | 48 4 13056
Boiling Water Program
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Reel Index Records
ADoCS Document Number No. Point Box Comments
Mr. Johnson letter correspondence CE| 48 5 13056
selection
Nuclear Materials and Propulsion 48 6 13056
Operation TM 62-7-704
Hazards Report for Post Incident SL-1| 48 7 13057
Critical Experiment
IDO Security Participation in the SL-1| 48 8 13057
Disorder
SL-1 Badge film results 48 9 13057
SL-1 Telefax copies 48 10 13057
SL-1 Phase 3 motion film 48 11 13057
SL-1 lodine data 48 12 13057
SL-1 Itr to Captain R. L. Morgan 48 13 13057
Vienna Paper on SL-1 Incident 48 14 13057
SL-1 Article in Nuclear Safety 48 15 13057
SL-1 Monthly Report V. V. Hendrix 48 16 13057
Brooks Payne letter 1 page 48 17 13057
AEC's AD Hoc committee concurs in 48 18 13057
proposals for dismantling
Analysis of data furnished by Nuclear | 48 19 13057
subcontracts to IAD on past
SL-1Radiation Protection Standards 48 20 13057
Employed at the NRTS
SL-1 Documents 1 page 48 21 13057
SL-1 script of Television documentary| 48 22 13057
on SL-1
SL-1 Health and Safety Annual Report| 48 23 13057
1961
A. F. Miller Mod. No. 4967 contract 48 24 13057
SL-1 Reactor Building Dismantling 49 1 13057
schedule
SL-1 Airplane cargo loading data 49 13057
V. V. Hendrix 2 page Itr 49 13057
SL-1 military reservations in AEC 49 4 13057
program
Personnel practices 49 13057
Announcement of Removal of SL-1 49 13057
Pressure Vessel
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Reel Index Records
ADOoCS Document Number No. Point Box Comments

Interim Report of the AD HOC 49 7 13057
Advisory Committee on Future sue or
Disposition of SL-1

AEC JCAE Hearings on Radiation 49 8 13057
Safety and Regulations
Proposed Nuclear - Turbine Generator | 49 9 13057
Announcement of SL-1 Clean-up 49 10 13057
activities
SL-1 Proposal to the U. S. Atomic 49 11 13057

Energy Commission for operation of
the Area Support Facilities National
Reactor Testing Station

Correspondence to M. E. Kaldman and| 49 12 13057
G. E. DeVore SL-1

SL-1 Bulleting (Reactor) 49 13 13057

SL-1 Atomic Energy Commission 49 14 13057
copy No. 16 and 18

Captain Morgan FY assumptions 49 15 13057

SL-1 letter Frank Church 49 16 13057

Terms of Reference of Ad Hoc 49 17 13057

Advisory Committee on Future use or
Disposition

USAEC ID (Telefax copy) 49 18 13057

SL-1 letter to Holifield 49 19 13057

SL-1 Investigation Report 49 20 13057

Reels 59, Index point 2, thru 67 are duplicates documents. No document numbers. Sundry subjects.

Box 59 59 2 13064
Box 60 60 1 13065
Box 60 61 1 13066
Box 61 61 2 13066
Box 61 62 1 13067
Box 62 62 2 13067
Box 62 63 1 13069
Box 63 63 2 13068
Box 64 63 3 13068
Box 64 64 1 13069
Box 65 65 1 13070
Box 66 66 1 13071
Box 67 67 1 13072
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ADOoCS Document Number

Reel
No.

Index
Point

Records
Box

Comments

Reel 68 is duplicate photos. No document numbers. Sundry subjects.

Photo 1 68 1 13064
Photo 2 68 2 13064
Photo 3 68 3 13064
Photo 4 68 4 13064
Photo 5 68 5 13064
Photo 6 68 6 13064
Photo 1 68 7 13067
Photo 2 68 8 13067
Photo 3 68 9 13067
Photo 4 68 10 13067
Photo 5 68 11 13067
Photo 6 68 12 13067
Photo 1 68 13 13068
Photo 1 68 14 13069
Photo 2 68 15 13069
Photo 11-B 68 16 13071
Photo 11-E 68 17 13071
Photo 11-G 68 18 13071
Photo 11-J 68 19 13071
Photo 11-K 68 20 13071
Photo 11-L 68 21 13071
Photo 11-M 68 22 13071
Photo 11-N 68 23 13071
Photo 12-A 68 24 13071
Photo 12-B 68 25 13071
Photo 12-C 68 26 13071
Photo 13 68 27 13071
Photo 13-B 68 28 13071
Photo 14 68 29 13071
Photo 15 68 30 13071
Photo 16 68 31 13071
Photo 17 68 32 13071
Photo 18 68 33 13071
Photo 19 68 34 13071
Photo 20 68 35 13071
Photo 21 68 36 13071
Photo 22 68 37 13071
Photo 23 68 38 13071
25225 69 1 144855
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Reel Index Records
ADO0oCS Document Number No. Point Box Comments

25226 69 2 144855
25227 69 3 144855
25228 69 4 144855
25229 69 5 144855
25230 69 6 144855
25231 69 144855
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Appendix F
SL-1 Key Words List Unabridged





SL1 Keyword List

KEY WORD
!

#4
#HP1
'F31
&)
(RESIDENT
-D.R.ADAMS
00
0001
0005
0010
0022
003B
0045
005
009
010361-011761
0122
0138
017
020
022
025
028
031
03337
0353
039
041
0421
0435
0453
048
0502
052
0525-053
054
056
060
061
063
0641
066

07
070351
0709
0717
0733
0747
077
080

1961
#50
$2240
(10-1)
(ANNUAL
(SL-1)
/U
000
000124
0006
001002
003
004
0047
0053
0090
011
013
014
0171932
0200
0220
0253
029
0311
034
036

04
0410
0423
0438
0457
049
0502-CHAIN
0522
053
0543
057
0600
0615
0630
0642
067
070
070352
071
072
0735
0748
078
0800

#
#6
$3456
(10-1)-697
(FORM
(VMR)
0

0000
000135
000927
0014
0030
0041
0048
006

01
011161-012761
0130
01400
018
020661
0223
0255
03

032
0347
0364686
0400
0419
0425
044
046

05
0505
0523
0530
054M
058
0601
062
0633
0647
0677
0700
070370
0710
0726
074
075
07825
0804

F-1

#1
#8
$4000
(10-1)-967
(NELSON
,0,uJ
0-62
0000000000000000
0003
000930
0015
00398
0041AP7011
00498
007

010
0112
0135
0152

019

021

0230
026

030
0323
035

037

0403

042

043
0444
047

050

051
0524
0532
055

059

0607
062301Z
0636
065

068
07026
070381
0710MST
0729
0744
0755

079

0805

#3
#9
&
(191)
(P
0-65
00002400
0004
001
002
003A
0041QP1005
004A
008
0100
011761
0136
016
02
0210
024
027
0300
033
0351
038
0406
042061
0433
045
04762
0500
0515
0525
0533
0552
06
0608
0624
064
0654
069
0703
070384
0715
073
0745
076
08
080D
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KEY WORD
081
0825
0840
0855
0902
0907
0913
0925
0934
09401
095
0977
0vo
1-16-61
10-1
100000
1000PM
10037
1006
100RNURSE
1012
1016
101967
1021
1026
1028
10316
1034045
1039
10424
10460
1050
10532
1058
1062
1066/1
1069
1072
1076
1080
1083300
1087
1091
1095F
109964
109C280
10A
10T011X106
11000
1108
1111111111
111557
1120
1123
113
1138

0810
0830
0845
0856
0903
0908
0915
0928
0936
0944
0950
098

1
1-6-61
10-1-967
10002
1001
1004
1007
101
10129
1017
101ID01
1022
10261
1029
1032
1035
104
1043
1047
1050-3
1054
1059
1063
1066/8
107
10722
1077
10800
1084
10874
1092
1096
109C235
109C281
10FB
11
1102
1109
1112
1116
11204
1124
1130
114

0811
0835
0847
088
0904
0909
0917
093
0937
0945
0951
099

1
1-8-61
100
10004
1002
10043
1008
1010
1013
1018
101IDI1
1023
10267
103
1033
1036
1040
1044
1048
1051
1055
106
1064
106612
1070
1073
1078
1082
1085
1088
10925
1097
109C274
109C283
10MR
11,1962
1103
111
1113
1117
11206
1125
1133
1140

F-2

0814
0837
0850
09
0905
091
092
0930
094
09495
0955
0P274925
1,

1/7
1000
10005
10028
10044
10086
101040
1014
101893
102
1024
10268
1030
1034
1037
1041
1045
1049
1052
1056
1060
1065
1067
1070352
1074
1079
1083
1086
1089
1094
1098
109C276
109C284
10MW
110
1104
1110
1114
1118
1121
11261
1135
1144

0815
0839
0853
0900
0906
0911
0920
0932
0940
09496
096
OPR03106
1-10-61
10
10000
10007
1003
1005
1009
1011
1015
1019
1020
1025
1027
1031
1034030
1038
1042
1046
105
1053
1057
1061
1066
1068
1071
1075
108
108330
10865
109
1095
1099
109C278
109C285

10NEGOTIATION

1100
1105
1111
1115
112

1122
1129
1137
1145
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KEY WORD

1146 1147 1148 1149 115
1150 1151 1152 1153 1154
115418 1155 115554 1157 11578
1158 116 1160 11610109 11610113WLGINKEL
11610118ACJOHNSON 11610124ACJOHNSON 11610125ACJOHNSON 11610126 ACJOHNSON 11610128ACJOHNSON
11610207CWBILLS 11610213ACJOHNSON 11610224ACJOHNSON 11610403ACJOHNSON 11610714ACJOHNSON
1163 1164 1165 1166 1167
1168 117 1171 1172 1173
1174 1175 1176 1177 1178
1179 118 1180 1181 1182
1183 1184 118401 1185 1186
1187 1188 1189 119 1190
11900 11907 1191 1192 1193
1194 1195 1196 11963 1197
1198 11988 1199 11A 11B3
11B3215 11v 12 120 1200
120000 12000000 1201 12015 1202
12021 1203 1205 1206 1207
1208 120898 121 1210 1211
1214 1215 1216 1219 122
1220 1221 122260 122360-011661 1225
1226 1227 1228 1229 123
1230 1231 1232 1233 1234
1236 1237 1238 12383 1239
124 1240 1242 1243 1244
1245 1246 1247 1248 1249
125 1250 1251 1253 1254
1255 1256 1257 1258 1259
126 1260 126001 1261 12610201WLGINKEL
12610361GLVOELZ 1262230 1263 12643 1265
1269 127 1272 1273 1274
1275 1276 1277 1278 1279
128 1280 12800 1282 1286
12873 1289 129 1290 1292
1294 12951 1297 1298 1299
12BAL 12RHR 12TH 13 13,1961
130 1300 1301 1302 1303
1304 13046 13049 1305 1306
1309 131 1310 1313 1315
1316 1317 1319 132 1320
1321 1323 1324 1325 13263
1327 1328 133 1330 1331
1332 1334 1335 1337 1339
134 1340 1342 1345 13467
1347 1349 135 1350 1352
1353 1355 1359 136 1360
1361 1362 1363 1364 1365
1366 1367 13687 1369 137
1370 1371 1374 1379 138
1380 1382 1385 1386 1388
1389 139 1391 1392 1393
1394 1395 1396 14 140
1400 14006 1402 1405 1406
1408 1409 140B 141 1410
1410RETURNED 1411 1412 1413 1414
1415 1416 1417 1418 1419
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KEY WORD
142
1424
14286
1430
14314
14323
14363
14407
1446
1450
1458
1463
1468
1471
147476
1480
1488
1493
1497
1500
1503
1508
1512
1518
1522
1527
1533
1539
1542
1546
155
1555
156
1566
1571
1575
158
1586
1592
15DAY
160
160306
1609
1612
1617
1621
1626
1630
1636
1642
1647
1651
1654
16606
1667
16727

1420
1425
1429
14303
14315
1433
1437
1441
1447
1453
1459
1464
1468F
1472
1475
14800
1489
1494
1498
15000
1504
1509
1513
1519
1523
1528
1535
15397
1545
1547
1550
1556
1560
1568
1572
1576
1580
1587
1595
15TH
1600
1605
160M806A11
1613
1618
1622
1627
1632
1638
16436
1648
16512
1655
1663
1668
1678

1421
1426
14290
14304
1432
1434
1439
1442
1448
1454
145A
1465
1469
1473
1476
1482
149
1495
1499
1501
1505
151
1514
151960
1524
153
1536
154
15454
1548
1552
1557
1561
1569
1573
1577
1581
1589
1596
15THRU
1601
1606
161
1614
162
1624
1628
1633
1639
1644
1649
1652
1656
16635
167
1679

F-4

1422
1428
14298
14308
14321
1435
144
1444
1449
1455
146
1466
147
1474
1478
1484
1490
14950000
15
150101
1506
1510
1515
152
1525
1530
1537
1540
15458
154858
1553
1558
1562
157
1574
1578
1582
159
1597
15W
1602
1607
1610
1615
1620
162428
1629
1634
164
1645
165
1653
1657
16636
1671
168

1423
14281
143
1431
14322
1436
1440
1445
145
1456
1461
1467
1470
147461
148
1487
1492
1496
150
1502
1507
1511
15159
1521
1526
1531
1538
1541
154581

154S80041QP7006

1554
1559
1563
1570
15744
1579
1584
1591
1599
16
1603
1608
1611
1616
1620372
1625
163
1635
1640
1645844
1650
16539
166
1664
1672
1680
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KEY WORD

1682 1684 1685 1687 1688
1689 169 1692 1694 1695
1696 1697 1698 1699 16A
16MM 17 170 1700 1701
17010-12A-58 1702 1703 1704 1708
1709 171 1710 1710412257 1711
1712 1713 1714 1715 1716
1717 1718 1719 172 1720
1721 1722 1724 17241 1729
173 1730 1731 1732 1734
1736 1737 1738 174 1743
1744 1745 1746 1748 1749
175 175-B 1750 17500 1752
1754 1755 1756 1757 1758
1759 176 1760 1761 1763
1764 1765 177 1770 177000350
1772 1775 1777 1778 1779
178 1780 1781 1782 1784
1785 1786 1787 1788 1789
179 1790 1791 1793 1796
1797 1798 1799 17H 17TH
17WG 18 180 1800 1801
1802 1803 1804 1806 1807
1809 181 1810 1811 1812
1813 1814 1815 1816 1817
1818 1819 1820 1821 1822
1823 1824 1825 1826 1827
1828 1829 1830 1831 1832
1833 1834 1835 1836 1837
1838 1839 184 1840 1841
1842 1843 18432 1844 1845
1846 1847 1848 18486 18487
18488 18489 18490 18491 18492
18493 185 1853 18537 1854
1855 1856 187 18700 1872
1874 18747 1875 1876 1878
1879 188 1880 1882 1883
18861 189 1898 1899 189S
19 190 1900 19000 19001
19002 19003 19005 19006 19007
19008 19009 19012 19013 19014
19016 19017 19018 19019 19020
19021 19022 19023 19024 19029
19030 19031 19032 1905 1908
191 1910 1912 1913 1914
19144 19144E 19145E 1916 192
1920 1921 1925 1926 193
1930 19300 19301 19302 19304
19305 19306 19307 19308 19309
19310 19311 19312 19313 19314
19326 1935 194 1940 1944
1945 19450 1946 1947 1948
1949 19492 195 1952 19532
19533 1954 1955 1956 19567
1957 1958 1959 196 196
1960 1960ABWR 1960FULL 1960INVESTIGATION 1960VISIT
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KEY WORD

1961 1962 1963 1964 19660
19661 19662 19663 19664 19667
19668 1967 19672 19673 19674
1968 197 1971 1972 1973
19751 19782 198 1983 19848
1985 19853 19858 1987 1988
19897 199 1990 19900 1991
1992 1993 19938 1994 1995
1996 1997 19978 1998 1999
199900 19A 19TH 1A 1ARARDE
1B 1CE 1D0 1D18 1D24
1D30 1D66 1JD52A 1JF51B 1LGED
10 10N 100 1P30 1RD
1ST 1TR 1u 1VP86X182 2

2% 2(00 20 20,1961 200
2000 200000 2001 2002 2003
2004 2005 20057 20058 20059
2006 20062 2007 2008 2009
200R 201 2010 20101 20102
20103 20104 20105 20106 20107
20108 20109 2011 2012 20128
2013 2014 20145 2015 2016
2017 2018 2018577 202 2022
20225 2023 20235 2024 20248
20249 2025 20250 20251 2026
2027 2028 20282 2029 20294
203 2030 20300 20313 20316
2032 2033 20337 20338 20339
2034 20340 20342 20343 20344
2035 2036 20369 2037 20377
20378 2038 2039 204 2040
20404 20405 2041 2042 2043
2044 20442 20443 20446 2045
2046 2047 2048 2049 205
2050 2051 2052 2053 2054
2055 2057 2058 2059 206
2060 2061 20610630 20620522 2065
2067 20682 207 20701 2072
20728 20729 2073 2074 2075
2076 2077 20774 20775 2078
2079 207B597 208 2080 2081
2082 2083 208361 2084 20845
20849 2085 20850 2086 20868
20869 2087 2088 20885 20886
20888 2089 20890 20892 20893
20899 209 2090 20900 20901
2091 20913 20915 20916 2092
20923 2093 2094 2095 20956
20957 20958 20959 2096 20960
20961 20962 20963 20964 20965
2097 2098 20985 2099 20B
21 21, 210 2100 2100B
2100TO 2101 2102 2103 2104
2105 2106 2107 2108 2109
21092 211 2110 2111 21110
211136 2112 2113 2114 21141
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KEY WORD
21142
2117
21206
21211
21268
212A
2135
2140
21471
21512
21610823
217
2187
21A

221
22138
22144
22149
22153
221899
22197
22201
2224
2225
2226
2233
22363
2242
2250
22610561
2272
2297
2302
2311
231803A
23212
2330
2340
2352
237
2389
2401
241
2420341AMW
2420533MCB
246
2478
24921
25

2501
25254
254
2565
257

259
2596

21143
2119
21207
2122
21269
2130
21353
2140/4180
21476
21514
21614
21700
21882
22
2210
22139
22145
2215
22155
2219
22198
2221
22240
22250
22265
223347
22364
2245
225119
22620101
227801
23
2307
23111
232
23224
2334
2343
2353
2379
239
2402
2412
2420434MCB
2424
2465
2479
24932
25,
251
253
2544
2566
2577
2501
2508

2115
212
21208
21234
21270
21311
21379
2144
2149
2152
2162
218
219
22,1961
221195
22140
22146
22150
22156
22194
22199
22214
222411
22253
22268
22360
22365
22467
226
2267
2283
2300
230PM
2315
2320
23245
2336
2345
2357
238
24
2403
2414
2420436MCB
243
2466
248
24947
250
2512
2532
255
2567
258
2592
259863

F-7

2116
21200
21209
21235
21273
21311E
21380
2145
215
2157
21621
2180
21934
220
2213
22142
22147
22151
22157
22195
2220
22235
22044
22256
22280
22361
224
2248
22610107
227
2284
2300V
231
2317
23209
2325
2337
235
236
2380
240
2407
2418
2420491AS
244
2467
2480
24952
25000
2516
2533
2550
2568
258049
2503
25MISSIONS

21162
21205
21210
21238
2128
21320
21381
21470
2150
2158
21673
21853
219X
2200
22137
22143
22148
22152
2218
22196
22200
22238
22246
22258
2230
22362
2240
224800
22610108
227156
2285
2301A
2310
2318
23210
233
234
2350
2361
2387
2400
2408
242
2420502JD
245
247
249
24A
250000
252
2534
256
2569
2588
2594
25R
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KEY WORD
26
2608
2614
2647
26799
2696
261D94
2706
2711
2742
2748
2752
2757
2761
2767
2781
2799
2801
281
2826
284
28560
2860
28751
290
2910
2961
2976
2995
29TH
2D
2H
2R
3-5
3000
3008
3012
3019
3026
3030
3035
304
3045
3049
3051
3058
3064
3069
3074
3079
3083
3088
3093000
3099
3101
3107

260
2609
262
265
26799B
2696ALPR
26TH
2708
272
2743
274924
2753
2758
2762
277
2782
27R
2802
2814
2827
2849
2857
2861
288
2907
2911
29610116WLGINKEL
298
2996
2A
2D4
2K

3

3.0
30000
3009
3014
302
3027
3031
3036
3040
304557
304SS
3052
3059
3065
3070
3075
308
3084
3089
3094
30X
3102
3108

2605
261
2625
267
268
26986
27
2709
273
2745
274925
2754
2759
2764
2771480
279

28
2803
282
2828
28490000
2858
2862
289
2908
292
296700
2988
2997
2A921
2D66
2L
3&274925
30
300000000000
300PM
3016
3020
3028
3032
3037
3041
3046
304SST
3054
306
3066
3071
3076
3080
3085
3090
3096
31
3103
310833010

F-8

2606
2610A
263
2672
2680
26986B
270
271
274
2746
275
2755
276
2765
278
2797
280
2804
2825
283
285
2859
2863
289GAC
2909
293A726
29726
29883
2998
2B
2E
2NCIDENT
3&4
30,
3002
301
3017
3021
3029
3033
3038
3042
3047
305
3055
3060
3067
3072
3077
3081
3086
3091
3097
310
3105
3109

2607
2613
264
2674
269
26A
27010
2710
2741
2747
2750
2756
2760
2766
2780
2798
2800
2806
28253
28380
2856
286
287
29
291
295
29735
29885
2999
2C
2GC
2ND
3,
300
3003
3010
3018
3025
303
3034
3039
3044
3048
3050
3056
3062
3068
3073
3078
3082
3087
3093
3098
3100
3106
311
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KEY WORD
3110
3115
312
3124
312873
3132
313658
3141
316
319
320A
325
329
3301
3324
333
33882
34199
3447
348
34SF
352
354
3567
3572
3600
3640
3658
366
366936
373
3737
377
3807
3834
3839
38A
395
398
3998
3E

4

40
4001
4007
400R
4014
4020
4026
4031
4037
4042
4047
4052
4057
4062

3111
3116
3120
3125
3129
3133
3137
3142
316A
319825
322
326
3298
3304
3325
33556
33MONTS
342
3448
349
35
3526
355
3568
358
361
3641
3659
3660
36D0
3730
374
378
3808
3835
387
39
3950-271-1837
39906
3A
3MR
4,
40-BM
4002
4008
4010
4015
4021
4027
4032
4038
4043
4048
4053
4059
4064

3112
3117
3121
3126
313
3134
3138
314369
317
32
32236
3263
33
331
3326
335906
34
343
3449
3496
350
353
3564
3569
359
363382
3655
365905
3661
37
3732
3744
379
381
3836
3876
393
395381
3995
3B
3MW
4-8
400
4003
4009
4011
4017
4022
4028
4033
4039
4044
4049
4054
4060
4065

F-9

3113
3118
3122
3127
3130
3135
3139
3149
318627
320
3227
3264
330
332
3327
33690
3400
343426
346
34CHEMPUMP
351
35309
3565
3570
35MM
363450
3656
365911
3662
370
3735
375

38
3819
3837
388
394
3959
3996
3BB
3R

4.7
4000
4004
400KW
4012
4018
4023
4029
4035
4040
4045
405
4055
40609
4068

3114
3119
3123
3128
3131
3136
3140
3150
318689
32021
3231
3265
3300
3323
3328
3384
3402
3434A
347

34MONTHS

35158
3532
3566
3571
36
364
3657
365912
3664
3726
3736
3765
380
3821
3838
3898
3942
3960
3997
3D
3RD
4.82
40000
4005
400PM
4013
4019
4024
403
4036
4041
4046
4050
4056
4061
4069
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4071 4072 4073 4074 4076
4077 4078 4079 408 4081
4087 4088 4089 4095 41
4107 4109 4112 4113 4115
4117 4118 4119 4120 4123
4125 4126 4127 4128 4139
4140 4146 4148 4159 4160
4162 4177 4178 4190 4194
4195 4196 4197 41A 41E
41G 42 420 4200 4203
4205 4211 4212 4220 4222
4223 4225 4226 4227 4228
4229 4233 4236 4237 424
4240 4241 4243 4244 4247
4248 4249 425 4251 4252
4254 4255 4256 4257 4258
4259 426 4262 4263 4267
4268 4269 427 4271 4272
4273 4274 4275 4277 428
4280 4280066 428065 4281 4282
4285 4287 429 4290 4291
4292 4293 4294 4296 4297
42A 43 430 4301 4302
4303 4304 4305 4306 431
4311 4312 4313 4316 4317
4318 432 433 434 435
436 437 438 439 4397
4398 4399 44 440 4400
44009 4401 4406 4408 441
4410 4413 4414 446 447
448 4488 449 44P 44P1
44P10 44P51 44P9 44PS1 45
450 4500 4521 453 4533
454 455 4556 4557 4558
4559 4578 4579 45A 46
4602 4609 461929 4644 4667
4691 4692 4693 47 4704
4705 4706 4707 4708 4718
4719 4720 473 4749 474B139
475 476 4776 4786 4787
47M604A36 48 481 482 4820
4829 4844 485 4859 486
486HV 487401 489 49 4900
490048 491 492 4920P 4947
4948 4949 495 4950 4951
4952 4953 4954 4955 4956
4957 4958 4959 496 496/72
496/73 4960 4961 4962 4963
4964 4965 4966 4967 4968
4969 4970 4971 4972 4973
4A 4ANUARY 4B 4D 4E
4F61 4G 4AMR 4PH 4S
4TH 5 50 500 5000
50000 5001 5002 5003 5004
5005 5006 5007 5008 5009
500MS 500R 501 5010 501018
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5011 501123 5012 5013 5014
5015 5016 5017 5018 5019
50197 501A 502 5020 5021
5022 5023 5027 5029 5031
50313 5032 5035 5037 5040
5041 5043 5047 505 5053
5054 5056 5057 5058 5059
5060 5061 5062 5063 5068
507 5071 5073 5079 5086
5088 5092 5096 5097 5098
5099 50CC 51 5100 5101
5103 5104 5105 5112 5114
5118 512 5124 513 5130
5134 5138 514 5143 5144
5145 5146 5147 5148 515
51522 5157 516 5163 517
518 5184 5186 519 5192
5195 51B 52 520 5205
520715 520716 520A 5217 5219
522 524 5241 5249 525
5251 526 529 52961 52A

53 5318 5323 5327 534
5343 5349 5350 536 53718C
53759A 5385 538617 53A 54
540527 540719 5412X 54318 5445
545 5452 54JB 55 55)

550 5500 550927 5517 552
5525 5527 553 5537 5538
5539 554 5540 555 556
5566 557 5571218 5579 558
5580 559 55T 56 560
560101 560328 5604 5606 561
562 5629 563 5630 5631
5632 564 564393 564394 565
56622A 5683 5684 5685 5687
5688 5689 569 5690 5691
5692 5693 5694 57 570
5703 570522 5707 570805 57081U
570906 570911 570916 570920 571
571031 571115 571120 571104 571204
571212 571213 571218 571202 571016
571031 571008 572262 573 5730
5744 57502 57502-19 5757 57570916
57580408 57610113 57610222 57610228 57610503
57611579 577 5775 579 570926
58 58-1167 580 580101 580103
580115 580121 58020 580227 5803
580301 580303 5804 580620 580630
580701 580711 580715 580811 580815
580829 580917 581003 581006 581023
581023ARGONNE 581024 5811 581107 5812
581202 581216 5836 5848 585
5864 5866 5867 5878 588
589 58A 58AT 58T 59
59-WB-927 590 590000 590101 5902
590200 590201 590205 590210 590216
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590227 590300 590302 590305 590315
590319 590331 5904 590400 590402
590409 590415 590416 590423 590430
590507 590514 590515 590521 590601
590626 590627 590630 590701 590715
590717 590722 590724 590729 590730
590801 590804 590806 590809 590810
590819 590820 590824 590829 5909
590905 590918 590919 590926 590928
590930 591 591003 591007 591015
591016 591017 591019 591026 591027
591029 591102 591103 591104 591121
591124 591128 591201 591211 591212
591214 591215 591216 591217 591219
591222 591229 59224 5929 5929AREASL1
593 5944 595 5950 5951
5978 59T 5A 5AA 5B
5DAYS 5E 5E716C 5E717C 5E719B
5E735B 5E736B 5E739A 5E745A 5E751A
5E752A 5E753A 5E754A 5E757A 5E760A
5E783A 5E784A 5H 5K 5MwW
50 504 5R 5RHR 5TH

6 6! 610103 6-21 60

600 6000 600000 60001 60001A
60006 600102 600103 600104 600109
600116 600118 600123 600130 6001A
600200 60021 600213 600217 60021A
600220 600224 600227 6002330 600301
600305 600307 600311 600322 600328
600329 600360FUEL 600405 600406 6004101
600412 6004121 600415 600419 6004225
600426 6004268 600427 600428 600429
6004332 6004449 6004716 6004861 600503
600505 6005058 600510 600517 600518
600519 600520 600524 600526 600527
6005550 6005579 6005729 6005795 6005837
6005837-DESIGN 600602 600605 600607 600608
600609 600614 600622 600627 600628
600630 6007 600701 600709 600711
600721 600722 6008 600802 600809
600813 600816 600819 600820 600822
600827 600829 600830 600831 6009
600900 600901 600902 600903 600906
600910 600917 600920 600923 600926
600927 600928 600930 600994 600D
600DISTRIBUTION 601 6010 601000 601001
601003 601005 601006 601008 601010
601013 601015 601019 601021 601022
601025 601026 601027 601029 6011
60110 601100 601101 601105 601106
601108 601109 601110 601112 601115
601117 601118 601119 601121600501 601122
601129 601130 60118 6012 601200
601202 601205 601206 601212 601213
601215 601216 601219 601220 601221
601223 601225 601226 601227 601228
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KEY WORD

601230 601231 6016 602 603
6031 6032 604 605024 606
607 6071 6076 6078 607HOT
6084 609 6094 6095 6096
6097 6098 6099 60A 60MR
61 61-12-700 61-12-712 61-8-704 61-R0O-2085
6100088 6100210 6101 610100 610101
610102 610103 610104 610105 610106
610107 610108 610109 610110 610110H
610111 610112 610113 610114 610115
610116 610117 610118 610119 610120
610121 610122 610123 610124 610125
610126 610127 610128 610129 610130
610131 6101430 6101496 6101497 610150
6101567 6101648 6101657 6101704 6101706
6101707 6101710 6101722 6101748 6101816
6102 610201 610202 610203 610204
610205 610206 610207 610208 610209
610210 610211 610212 610213 610214
610215 610216 610217 610218 610219
610220 610221 610222 610223 610224
610225 610226 610227 610228 610261
6103 610301 610302 610303 610304
610305 610306 610307 610308 610309
61030B 610310 610311 610312 610313
610314 610315 610316 610317 610318
610319 610320 610321 610322 610323
610324 610325 610326 610327 610328
610329 610330 610331 610361 6104
610401 610402 610403 610404 610405
610406 610407 610408 610410 610411
610412 610413 610414 610415 610416
610417 610418 610419 61041B 610420
610421 610422 610424 610425 610426
610427 610428 610429 610430 610501
610502 610503 610504 610505 610506
610507 610508 610509 610510 610511
610512 610513 610514 610515 610516
610517 610518 610519 610520 610521
610524 610526 610527 610529 6106
610602 610603 610604 610605 610609
610610 610611 610612 610613 610614
610616 610617 610618 610619 610620
610623 610624 610625 610626 610627
610630 6107 610701 610702 610703
610707 610708 610709 610710 610711
610714 610716 610717 610719 610721
610723 610724 610725 610727 610730
610731 6108 61080 610804 610805
610806 610807 610811 610813 610814
610815 610818 610820 610821 610827
610828 610829 610830 610831 6109
610903 610904 610906 610908 610910
610911 610914 610917 610918 610920
610924 610925 610930 610931 611
6110 611000 611001 611002 611008
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KEY WORD
611009
611129
611221
6116

613

6149
61610221
61610311
61610428
617

61A
620100
620402
620416
620702
620930
6216
6225
623M5A5
625
62610311
62661

63

635
6396D
64

644

646

64B

652

65A
66610104
66610114
66900
670224
677
68030161
6843
68610126A
68610301
68610402
68610429
68610508
68610517
6901
6935
6940
6946
6950
6955
6960

6B

7

7007

703

7064

611031
6112
611231
611661
61304
615
61610222
61610312
61610503
6170
61AT1221
620108
620404
620500
620718
621015
622

6226
6240

626
62610426
627

6310

636

63A
640409
645

6461
64C

656

66
66610105
66610115
6692

673
67913E
680620
68600109
68610127
68610302
68610406
68610503
68610509
6865
6902
6936
6941
6947
6951
6956
6961

6E
7-26-61
700AM
704
70646

611048
611200
6113
61200210
6135
6155
61610228
61610325
61610504
618
610F
620109
620405
620515
620719
621018
6221

623

6241
62610222
62610427
6281
6311

637

63B

642

6452

647

65

657

660
66610107
66610201
66MT3
6735
67944
6828
68610109
68610128
68610303
68610424
68610504
68610510
68A
6932
6937
6942
6948
6952
6957

697

607

70

701

7043

707

F-14

6111
611206
6114
612218
613M430
61561
61610301
61610329
61610511
6180

62
620326
620409
620604
620720
621019
6223
6238
6242
62610309
62610428
62A
6342

638

63C

643

6453

648

650

658

6602
66610112
66610401
66MT38
674

6799
6829
68610116
68610129
68610308
68610425
68610505
68610511
69

6933
6938
6944
6949
6953
6958
6993
6TH

700

7012

705

7070

611125
611207
6115
612849
614
61610220
61610310
61610427
61610513
61920
6201
620327
620413
620628
6209271
621031
6224
6239
6243
62610310
62610512
62XW
6349
639
63D
6434825
6454
64A
651
6583
66610101
66610113
669
67
675
68
6830
68610126
68610201
68610330
68610428
68610507
68610515
69/1
6934
6939
6945
695
6954
6959
6A
6U
7000
7027
70502110
708
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