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1. Introduction
1.1. Background

At the request of counsel for defense in the matter of “Lawrence O’Connor, et. al. vs.
Boeing North America, Inc.”, I have undertaken an investigation to determine whether
there was a release of radionuclides form the Sodium Reactor Experiment (SRE) in July

1959, and if so, to determine the quantity and identify the specific radionuclides released.

I have over 30 years experience in nuclear engineering. I graduated from the University
of Florida in 1972 with a Bachelor of Science degree in Nuclear Engineering Sciences.
My primary areas of expertise are nuclear power plant safety analysis and fission product

transport and behavior.

I began my career at United Engineers and Constructors, in Philadelphia, performing
nuclear safety analyses for the licensing of nuclear power plants under contract to UE&C.
I worked on the Seabrook Nuclear Station, Washington Public Power Supply Systems
Units 1 and 4, and Brunswick Power Station. I performed containment pressure-
temperature analyses and various analyses for postulated nuclear accidents, including
release from fuel and off-site dose analyses. As part of my work, I developed computer
codes to assess the performance of safety systems designed to mitigate the consequences
of upset and emergency conditions in the plant. I also performed safety assessments of
foreign reactor systems, including the Canadian heavy water reactors and the French
Phoenix and Super-Phoenix sodium-cooled breeder reactors, as part of a study conducted

by the Department of Energy.

In 1978, 1 joined General Public Utilities, and was at the Three Mile Island facility from
April, 1979 until May, 1984, as technical advisor to the Vice President of GPU Nuclear,
and as Manager of the TMI-2 Radiological Analyses Group. I was responsible for the
assessments of radiological safety for all decontamination operations in the plant and to
provide technical support to the recovery team. I also supervised the equipment design

and collection of highly radioactive samples to assist the recovery effort.

I joined Science Applications, Inc. while at TMI in 1982, and became the TMI site

manager for SAL. I was responsible for the laboratory's contribution to recovery

1-1
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operations, under contract to Department of Energy. I developed a systematic approach
for documenting the fission product release from the fuel and transport through the
primary and auxiliary systems, utilizing a combination of specialized sampling, computer
modeling and in-situ gamma spectrometer measurements. [ made several entries into the
TMI reactor building to perform scientific measurements related to the accident sequence

and to measure the effectiveness of decontamination efforts.

I founded Daniel & Associates, Inc. in 1984, and now consult to various utilities and
governmental agencies. I was the Principal Investigator for.an NRC project that
developed a correlation between radioactive iodine resuspension and ambient

temperature, published as NUREG/CR-4953.

I have written several computer codes, including RADTRAN, a fission product transport
code. The RADTRAN code, after review by the NRC, was used to calculate the
allowable release rate of radioactive gases from the TMI-2 reactor building during the
venting of gases during 1980. I revised a version of the ORIGEN2 radioactive isotopic
generation/depletion code and the Oak Ridge National Laboratory (ORNL) shielding
code ANISN to operate under the Windows® operating system. | have also written
numerous small codes related to dose calculations, gamma-ray shielding, and two phase

flow in piping systems.

A list of publications and papers is attached as Appendix A.
1.1.1 Prior Testimony

I'have not participated in any litigation in the past four years.
1.1.2 Compensation

My compensation in this case is $ 120/hr.

1.2. Approach

Investigation of the SRE fuel damage incident lends itself to an approach known as
“forensic reconstruction”, a technique commonly used by investigators of aircraft and

other industrial incidents to determine the cause and significance of events leading up to
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the failure being investigated. In this technique, mathematical calculations, called
“models”, are commonly used to compare calculations to data recorded during the
incident, and to fill in missing data or gaps in the data that may be relevant to the
incident. The “models” use the laws of physics to predict and quantify the outcome of
events. On occasion, it may be necessary to make assumptions, due to lack of data, for
example. In these instances, the investigator should pursue the validity of the assumption,
and then test the generated results against available data. Taken in total, the
“reconstruction” must satisfy all data recorded and available from the event, and also
must not violate the physical constraints imposed by the plant piping and equipment

arrangement.

The approach taken in this investigation was accomplished in two phases. Phase I
involved determining an accurate inventory of fission products in the SRE reactor core.
Phase II involved determining the inventory of fission products remaining in the reactor
core and plant systems after the incident occurred. The difference in inventories, i.e.,
before and after the incident, provides the best estimate of what may have been released

during the incident.

In order to accomplish the forensic “reconstruction”, certain system descriptions and
operating data were examined and reviewed in detail. Relevant descriptions and data are
contained in this report to provide a clear understanding of individual systems and their
role in the events that occurred in July, 1959 with respect to release from the SRE.
Whenever possible, comparison to SRE data will be made and presented to verify the
validity of calculations. Using this generally accepted scientific methodology will result

in determining whether a release occurred, and If so, the magnitude of that release.
1.3. Organization of Report

Section 2 of this report is a description of the SRE design features that are necessary to
understand the operation and pathways available for release to the environment to
determine whether or not a release occurred. Descriptions are taken from SRE design
documents and drawings. Every attempt has been made to verify that the drawings and
descriptions are an accurate representation of the facility during the period in question.

This section thus describes the equipment and systems at the time of the fuel damage

1-3
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incident. As a general rule, only the systems and equipment necessary for an
understanding of the events of the incident are discussed. The exceptions to the rule are
that descriptions may also be given for systems and pathways identified by plaintiff’s
expert to fully understand the allegations presented.

Section 3 describes the operating and irradiation history of the SRE fuel, in order to
provide a background for determination of fission product inventory in the reactor core
during the period July 12 through July 26, 1959. The information in Section 3 was
primarily taken from the reports describing the fuel damage incident. Ref. 141 Section 3
provides the operational history for power runs up to run 14, and provides the

background for the problems that developed in Run 14.

Section 4 is a description of Run 14 and presents the thermodynamic aspect of the fuel
damage. This section also presents the results of experiments undertaken to determine the

root cause of the fuel damage.

Section 5 deals with the radiological aspect of the fuel damage incident, and introduces
the calculated fission product inventory and analyses performed to determine the release
from the fuel. Comparisons to sample data are used as benchmarks to compute the source
term for release. Section 5 contains the details of the release to the environment from the
event. This section also presents the results of experiments undertaken by Atomics

International to determine the fate of fission products released from the fuel matrix.

Section 6 discusses specific allegations made by plaintiff’s expert, contained in the report

“lodine-131 Releases from the July 1959 Accident at the Atomics International Sodium

Reactor Experiment”, dated January 1959 [Ref- 32,

Section 7 lists the references relied upon to prepare this report.
1.4. Summary and Conclusions
1.4.1. Summary of Fuel Failure Incident

During Power Run 14 of the SRE which began July 12, 1959, fluctuations of the core exit
sodium temperature were noticed at various fuel channels. Some of these fluctuations

were severe, and caused swelling of the fuel such that the stainless steel cladding was
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breached, exposing the fuel to the sodium coolant, and releasing radioactive fission

products to the coolant and reactor cover gas.

On one occasion, early in the run, the reactor’s neutron behavior was not within normal
operating parameters. The run was terminated on July 26. A series of fuel element
inspections were begun which revealed that 13 of the 43 fuel elements had sustained
damage. Investigations into the causes of the event revealed that partial flow blockage in
certain coolant flow channels was caused by the decomposition products of an organic
coolant, tetralin. The flow blockage was responsible for the thermal cycling that
eventually caused cladding failure and partial melting of the uranium fuel in the 13
affected fuel elements. Even though the cladding was breached in 13 of the fuel elements,
with subsequent release of fission products to the coolant, no radiological hazard was
presented to the reactor building. Recovery operation were initiated and conducted within

standard AEC regulations on radiation exposures.
1.4.2. Conclusions Regarding the Fuel Failure Incident

This investigation, performed independently from the Atomics International (AT)
investigation, relied upon descriptions of events and data contained in the reports
generated by Al, as well as experimental data obtained by Al and other industry groups
as it related to fuel behavior during the events of July, 1959. The curie balance for Kr*’,

Xe'?? and I'*! as obtained by this investigation are summarized in Figure 1.1.
The basic conclusions reached in this investigation were as follows:

. The Al conclusions that fuel damage was caused by thermal cycling and fuel

swelling is supported by industry experience with natural uranium fuel.

. Industry experimental data and plant operational data support the conclusion that

radioactive iodine was either retained in the fuel or in the coolant.

. The Al conclusion that no radioactive iodine was released from the site is

supported by this investigation and data collected at the time of the incident.

. The majority of fuel damage occurred between July 22 and 24, which is after the
date that the vent header alignment was confirmed to be to the holdup tanks.
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* The release fraction for noble gases was determined to be 1.5% of the core
inventory.
* The releases of radioactive gas were retained in the holdup tanks for decay prior

to discharge to the environment.

* The increase in radiation levels noted on July 12 in the high bay area were most
likely due to activation of the nitrogen injected into the cover gas between Runs 13 and

14; not as a result of fuel cladding ruptures as postulated by Al in their Interim Report.

* The source of the stack monitor increase on July 12 and 15 was most likely due to
an inadvertent valve alignment of the fuel handling cask vent, which was limited in

duration. Only noble gases were released by this pathway.



-1
1] PUB _ 9X ‘T3 Jof soueeg oun) '] amBig

Snd 97
1id U) paufejal - jon4 Wold pesesiey

$aLND ¥20'80
2100 Y3 U paupusy

LE1-l JO edueleyq euND
sauno §Z2'1
- sand gl
IRid Uj peURJoY N Wold pased|oy nd Ul ¥- ond 4P MY

seynd /96
20D L uj paueuaY 8400 YU prURWRY

£61-9Y JO 9duejeg 8|IND ¢8-1) J0 souejeq e|4nd

T0S0/VA-UAL



TDR/DA-0502

2. Design of the Sodium Reactor Experiment
2.1. Overview

The purpose of the Sodium Reactor Experiment (SRE) was to generally demonstrate the
feasibility of a sodium-cooled reactor as a heat source for a commercial power reactor to
produce electricity. A secondary objective was to obtain operational data on slightly
enriched uranium metallic fuel and uranium thorium fuel mixtures. The SRE was
operated from April, 1957 until February, 1964, and provided the basis for commercial
nuclear power development. The Sodium Reactor Experiment site is located 30 miles
northwest of downtown Los Angeles, approximately 6 miles west of Chatsworth and 3
miles south of Santa Susana, California. The site is situated in the Simi Hills, and was
part of a larger research complex built as a joint effort of Atomics International,

Rocketdyne, and the Atomic Energy Commission. [R¢%5-PP 1]

Figure 2.1 shows the principal buildings of the SRE and their relationship to site north.
The reactor building is identified as Building 143, and the other buildings relevant to this
study include the liquid and gaseous waste holdup systems in Building 653, and the
primary sodium fill tank and system in Building 753.

The elevation of the reactor building is approximately 1850 ft. above sea level. The
maximum elevation of the Simi Hills is about 2400 ft, while the San Fernando Valley

floor and the Simi Valley floor is approximately 900 ft.
2.2, Reactor Building

The Reactor Building is the main building of the SRE, consisting of a high bay area, a
side bay area and hot cell facility. Figure 2.2 shows the reactor building and some of its
internal features. The side bay contains the control room, administrative offices, electrical
shop, and air conditioning equipment. The high bay area, so-called because of the
elevated roof, contains the reactor and its primary and auxiliary coolant systems, new fuel
storage, irradiated fuel storage area, a fuel handling machine, and a second moderator
handling machine slightly larger than the fuel handling machine which handles the larger

graphite moderator cans.
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Figure 2.3 shows the floor plan of the reactor building. The reactor, primary sodium
coolant loops and irradiated fuel storage area are located below ground. The reactor
building floor is mostly clear except for control rod drive mechanisms over the reactor
and pump motors over the coolant galleries. A 75 ton bridge crane spans the high bay
area to move and position the fuel handling machine and other heavy equipment related
to the reactor. The high bay area is normally kept at a negative pressure, to avoid
potential air leakage out of the building. The high bay area is windowless with weather-
stripped or gasketed access doors to inhibit air leakage into the high bay area from other

building spaces.

A side bay area, adjacent to the high bay area, houses reactor experimental facilities, the
reactor control room, electrical distribution equipment, instrument storage and

maintenance facilities, inert atmosphere systems, and the administration offices.

The hot cell area is an underground area located adjacent to the high bay area. The hot
cells are used for examination, dismantling and preparation of irradiated fuel elements for

final processing.
2.2.1. Reactor System

The SRE reactor was designed as a low pressure sodium-cooled reactor using slightly
enriched uranium fuel. The reactor, shown in Figure 2.4, contains the active core
approximately 18 feet below the surface of the reactor building floor. Liquid sodium fills
the reactor vessel and passes from the bottom of the reactor vessel to the top sodium pool
during power operation. The reactor has heaters in the bottom of the vessel to keep the
sodium in a liquid state when the reactor is not in operation. Above the core, the liquid
sodium collects in an open volume called the "pool". The pool allows mixing of the
sodium that has passed through the fuel assemblies and the moderator cans so that a more
uniform temperature exist prior to passing through the heat exchangers in the cooling

circuits.

As the sodium passes through the core, some of the sodium atoms absorb neutrons and
become radioactive. This process is called "coolant activation". The principal radioactive
sodium isotope is Na**, with a half-life of 15.02 hours. In order to keep the radioactive

material contained in shielded areas away from plant personnel, the cooling loops are -
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divided into two systems ~ the primary sodium loop and the secondary sodium loop. The
primary sodium loop passes through the core where it absorbs heat from the reactor, and
then to a heat transfer component called an intermediate heat exchanger, where it
transfers its heat to the secondary sodium loop. The cooling systems are shown in the
schematic diagram, Figure 2.5. The secondary sodium loop, which does not contain
radioactive sodium, transfers the heat to the steam generator to produce steam for the
turbine, or transfers the heat to the main airblast heat exchanger, where large fans cool

the coolant before it goes back to the heat exchanger to pick up more heat.

An auxiliary system is provided for low-power operation, in which a smaller primary
sodium loop transfers heat to an auxiliary intermediate heat exchanger, and a non-
radioactive sodium loop then transfers the heat to an airblast heat exchanger located on

the roof of the reactor building.

Piping between the reactor and heat exchangers inside the reactor building are contained
in concrete passages called "galleries" which are filled with an inert nitrogen gas system.
This was a precaution to prevent oxygen contamination of the liquid sodium, and to

prevent possible fires from water vapor reacting with the sodium in the event of a leak.

During the performance of this study, it was convenient to refer to the design parameters

of the SRE. Table 2.1 contains the relevant data of the SRE reactor design. R 233643]



Table 2.1

SRE Reactor and Fuel Design Parameters

Reactor

Design Heat Output (Mwy)
Coolant Inlet Temperature (°F)
Coolant Qutlet Temperature (°F)

Core Operating Pressure (psig)

Reactor Vessel Mechanical Design

Reactor Core

Liner Diameter ( Ft-In)
Liner Height (ft)
Liner Thickness (in)

Material

Fuel Loading (kg U-235)

Fuel Loading (kg U-238)

Average Neutron Flux (20 th)(n/cmz-sec)
Enrichment (wt % U-235)

Size (Dia. x Height)

TDR/DA-0502

20
500

960

13-9
11
0.25

304 SS

83.4
2190
5.02x10"
2.77

6'x6



Table 2.1 (Cont'd)
Control and Safety Rods
Number
Shim
Regulating
Safety
Poison

Total Rod Worth

Sodium Primary Coolant
Mass (Kg)
Flow Rate (ft/sec)
Sodium Melting Point (°F)
Sodium Boiling Point (°F)
Fuel Elements
Fuel Slug Dia. (In)
Fuel Slug Length (In.)
Fuel Slugs per Rod
Rods/Element
Total Number of Slugs
Total Number Fuel Assemblies
Cladding Material
‘Cladding Thickness

Cladding Dia. (In)

B-Ni

~9.6 A Kk

2.55x 10

208

1618

0.75
6.0

12

3612
43

304 SS
0.010

0.79
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Table 2.1 (Cont'd)

Cladding Gap Material NaK
NaK Melting Point (°F) 12
NaK Boiling Point (°F) ‘ 1445

Cover Gas Volume

Core Tank Cover Gas (ft%) | 253.5

Primary Fill Tank (ft%) 1182
Reactor High Bay Volume (ft) 1.4x10°
Gaseous Waste Holdup Tanks

Number 4

Volume (ft*) 350

Capacity (ft® @ 100 psia) 2700
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2.2.1.1. SRE Reactor Structure

The SRE was an experimental reactor built in place, rather than a fabricated steel reactor
vessel found in today’s power reactors. Instead, the SRE reactor was built in place below
grade and was designed such that the outer tank would contain the liquid sodium in the
unlikely event of catastrophic failure of the core tank. The design utilized sodium as a
coolant, so that high pressure water systems would not be required. With low pressure
systems, there was no need for a containment vessel to contain the energy released in a

hypothetical accident.

Figure 2.6 shows the cross-sectional view of the reactor, and following the order of
construction, i.e., from the outside in toward the reactor fuel, the reactor structure consists

of three concentric tanks,
¢ the cavity liner,
¢ the outer tank , and
¢ the core tank.

Each of the main components of the reactor is described below. There are descriptions of
the top shield plug and the core cover gas region, which are relevant to the events that

occurred during Run 14 at the SRE.
2.2.1.1.1. Cavity Liner

The cavity liner is the outermost containment vessel in the reactor structure. The tank is
constructed of %4 inch thick carbon steel. The tank is 23 feet high and 14 feet 8 inches in
diameter. Around the outer edge of the cavity liner and across the bottom of the cavity
liner are 28 evenly spaced 1 inch diameter cooling circuits. The cavity liner is attached to
4 ft thick high density concrete by anchor bolts embedded in the concrete. The concrete
forms a biological shield and forms the major support structure for the reactor structure.
The cavity liner extends to the reactor operating floor, and is stepped to accommodate the

reactor loading face shield assembly. [Refs. 6,7)
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2.2.1.1.2. Outer Tank

The outer tank is made of ¥ inch thick low alloy steel, and is 18 feet 11 inches high and
is 12 feet 6 inches in diameter. It rest on four concentric rings 21 % inches high, which
are supported by cavity liner support plates. The outer tank is sealed to the cavity liner at
an elevation near the top of the outer tank by a welded bellows seal, shown as an
"accordion" shaped object 11 inches high just below the 13 reflector plates underneath
the top shield plug. The bellows seal is constructed of Type 347 stainless steel and is 12

feet 6 inches in diameter.

The cavity liner and the outer tank serve as a secondary sodium containment vessel.
Insulating blocks are placed in the annulus between the cavity liner and the outer tank to
provide insulation for the reactor. The annulus space between the cavity liner and the
outer tank is called the "insulation cavity”, and contains an inert nitrogen cover gas to
prevent the sodium from coming into contact with oxygen in event of a sodium leak into
the volume. The insulation cavity is sized such that in the event of a sodium leak that
breaches the core tank and the outer tank, the sodium level will remain above the active

core region. ReB-67]

2.2.1.1.3. Core Tank

The inner tank, referred to as the core tank, is 1 %2 inches thick and constructed of Type
304 stainless steel. The core taok is 11 feet 3 inches in diameter.

The annulus between the core tank and the outer tank contains the side thermal shield,
which consists of seven 5 'z inch thick interlocking rings. The overall height of the

interlocking rings is 19 feet 11 inches. The inner diameter of the rings is 11 feet 6 inches.

The core tank rests on the bottom of the outer tank. The core tank is sealed to the cavity
tank at the top by a bellows seal, just as the outer tank was sealed to the cavity liner.

The annulus between the core tank and the outer tank is called the "core cavity". The core
cavity contains stagnant sodium coolant adjacent to the core tank wall, and thereby
relieves thermal stresses caused by thermal expansion or uneven heating. There is an
open space above the sodium in the annulus to allow for thermal expansion of the

sodium. The space is filled with an inert helium atmosphere just as inside the core tank.
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The helium pressure is maintained at 3 psig to reduce stresses. There is some activation
of the sodium in the core cavity, and therefore the vents for this volume are considered
contaminated. The core cavity volume does not communicate with the cover gas in the

core tank above the reactor core.

The main and auxiliary cooling piping and moderator cooling piping pass through the
core tank wall at an elevation just above the top of the moderator elements. Some of the
outer moderator elements are modified to allow the coolant piping to be routed down to
the lower plenum. The coolant inlet and outlet piping is contained within double walled
piping sleeves sealed with a bellows at the cavity liner and extending into the core tank.
The double walled piping provides for thermal expansion of the sodium coolant piping,
while maintaining the barriers of the outer tank and core tank. The double walled piping
also acts as a barrier to keep the "cold" sodium from mixing with the "hot" core sodium
in event of a coolant pipe leak. At the same time, the double walled pipe provides a
thermal barrier between the "cold" coolant and the "hot" sodium in the core tank. A

helium atmosphere is maintained in the double walled pipe, also. K% &7

2.2.1.14. Top Shield Plug

One of the unique features of the SRE reactor design is the rotatable shield plug at the top
of the reactor. The shield plug fits inside the "ring shield" as shown in Figure 2.7. The
ring shield is 71-5/8 inches high, with a 16 ft. outside diameter and 12 fi. inside diameter
at the top. The inside section is stepped to prevent radiation streaming from the core
region, and to provide physical support for the shield plug. The shield plug is 140 inches
in diameter at the top and is made of high density concrete. The plug weighs
approximately 75 tons. The plug has Type 304 stainless steel casing at all surfaces that
may come into contact with sodium or the helium cover gas. There are 81 small plugs
that extend through the shield plug. In addition, there are two 40 inch plugs and one 20
inch plug. These plugs are arranged so that by rotating the top shield plug, any moderator

assembly may be removed from the core tank.

The openings for the 81 small plugs have stainless steel sleeves that are seal welded to
the bottom shield plug plate for cover gas containment, and to the loading face shield at

the top. Access to any one of the moderator cans with a central channel containing fuel
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assemblies or instrumentation can be made through the small plug openings by using the
fuel handling cask.

Thermal protection is provided on the bottom of the shield plug by 13 reflector plates
attached to the bottom of the top shield plug. Cooling circuits are built into the concrete

using kerosene as a coolant to aid in temperature control.

All plugs are sealed by two O-rings compressed between the plug and the casing near the
top of the shield plug. Another gasket, compressed by a retaining ring, is incorporated in
the top lip of each shield plug. The retaining ring may be removed and the gasket

serviced without removal of the shield plug.
2.2.1.1.5. Grid Plate

Mounted 18 inches above the bottom of the core tank is the grid plate which has holes
drilled into it at each fuel assembly location. It also has indentations to position the
moderator cans. The grid plate is 135 inches in diameter and is made of type 304 stainless
steel. The purpose of the grid plate is to support the active core region and to provide
flow distribution for the coolant that passes up through the active core past the fuel
assemblies, and to provide a barrier between the moderator coolant and the primary

coolant.

The primary coolant flow is directed to the bottom of the core tank, and then passes up
through the active core via holes drilled into the grid plate as shown in Figure 2.8. The
moderator coolant travels between the top of the grid plate and the bottom of the
moderators assemblies and then up through the moderator cans through the moderator
cooling channels. Figure 2.8 does not show all of the coolant channels, but is intended to
show the flow path for the moderator and primary sodium coolant. The "outlet plenum" is
simply a pool of sodium at the top of the active core where the primary sodium and
moderator coolant collect before passing out of the core tank through the coolant outlet

pipCS. [Refs. 6,7]

2.2.1.1.6. Cover Gas Volume

The space above the active core and sodium pool inside the core tank and below the

shield plug is a helium filled region known as the "cover gas". This gas volume allows
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the sodium to expand and contract with changes in temperature during reactor operation.
Helium was chosen as a cover gas because it does not become activated by neutrons from
the core. Helium is also used as a cover gas over the primary sodium fill tank. The
sodium fill tank cover gas volume and reactor cover gas volume are considered as the
primary cover gas system. The fill tank and reactor cover gas volumes are connected by a
2 inch pipe, shown in Figure 2.6 as the "crook neck" pipe identified as "Fill Tank Vent
Line". The cover gas is normally maintained at 2-3 psig pressure in order to prevent

primary sodium pump cavitation. R 5>

When a decrease in pressure is required to the cover gas, the reactor cover gas may be
vented to the waste gas decay tanks located north of the reactor building. Makeup gas and
helium used to increase pressure of the cover gas are provided by the helium supply

system, stored in steel bottles located outside the reactor building.
2.2.1.2. Active Core

As shown in Figure 2.6, the reactor core is located inside the core tank, and is made up of
a matrix of hexagonally shaped moderator cans which contain control elements, uranium
fuel assemblies, and temperature and sodium level measurement devices. Figure 2.9

shows a top view of the core, and identifies the location of fuel elements in the core.

The primary structural elements of the active core are the moderator assemblies, called
moderator cans, which contain the graphite moderator. The purpose of the moderator in a
nuclear reactor is to slow down the neutrons given off in the fission process to a speed
where they can be absorbed by other uranium atoms, and thereby get better "mileage” out
of the uranium fuel. At the outer edges of the core are "reflector cans", whose purpose is
to bounce back the neutrons that reach the outer edge of the core before the neutrons
escape the core region. The refiector cans do not have coolant channels through the

center of the can, as do the moderator cans.

The moderator/reflector cans are slightly less than 11 inches across the flat part of the
hexagon, and the spacing between cans is 11 inches on center. This spacing is sufficient
to provide a gap of approximately 0.17 inches between cans to allow coolant to flow

between the cans to remove heat generated in the graphite.
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There are a total of 119 cans in the reactor. A diagram of the construction of a moderator
can is shown in Figure 2.10. The moderator cans are approximately 10 feet in height, and
are wrapped with 0.035 inch thick zirconium metal sheets that have "dimples" to help
maintain clearance between cans. The top and bottom use 0.10 inch thick zirconium
metal sheets. The "wrapper" of zirconium is also referred to as "moderator cladding” as
opposed to the stainless steel wrapper around the uranium fuel, which is called "fuel rod

cladding". Sometimes the fuel wrapper is referred to as "cladding”.

The purpose of the cladding is to protect the contents within the wrapper. In the
moderator, it is necessary to prevent sodium from penetrating into the graphite. In the
case of the fuel, the cladding acts as a barrier to prevent any radioactive fission products

from getting into the sodium coolant.

Each moderator can has a central channel to allow coolant to flow up through the channel
to remove heat generated by the nuclear reactions taking place in the uranium fuel. To
prevent contact between the sodium coolant and the graphite, a 0.035 inch thick ‘
zirconium tube that is 2.8 inches (inside diameter) is welded to the top and bottom of the

moderator can.

When the moderator cans were first built and tested prior to installation in the core, it was
discovered that gases were given off by the graphite due to impurities in the graphite. As
the temperzature was increased, the gases expanded, creating internal stresses on the
moderator can side walls which could possibly damage the moderator can, or cause it to
distort its shape and to become stuck in place. ®<f *! To alleviate this problem, a
zirconium "vent tube" was built into each moderator can. A zirconium "snorkel tube" is
attached to the can tops and extends into the cover gas region above the top sodium pool.
When the moderator cans were manufactured, the snorkel tube and vent tubes were
sealed with a fusible plug after the can was evacuated and filled with an inert gas. This
provided gas-tight integrity of the cans until they were installed into an inert atmosphere
in the reactor. The fusible plug was designed to melt at a temperature of about 450 °F and
be collected in the "condenser cup" shown in Figure 2.10. The purpose of the cup is to
collect any sodium vapor which might pass down the snorkel tube. By this design, any

pressure built up inside the moderator can during operation in the reactor could relieve
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itself to the cover gas region and prevent damage to the moderator can. The tube is only

open at the bottom of the moderator can and at the end of the snorkel tube in the cover
gas.

The bottom of the moderator cans are equipped with a socket adapter that mates with the
grid plate located in the bottom of the reactor. A spherical step on the socket fits into a
tapered dimple in the grid plate and thereby restricts moderator coolant from passing
through the grid plate. The adapter contains slots to allow the coolant in the moderator
plenum to travel up the moderator coolant channels. Similarly, the fuel channel adapters
are open at the bottom, and sealed at the moderator plenum section, thereby allow only

sodium coolant to pass into the fuel channel K¢ 267]

2.2.1.2.1. Fuel Elements

Core I of the SRE contained a total of 43 fuel elements, also referred to as assemblies. A
typical fuel assembly is shown in Figure 2.11. A basic fuel assembly is made up of the
fuel rods, a hanger rod with hold-down tube, an orifice plate, and retaining hardware with
guide vanes. The fuel assembly is attached to a shield plug, lowered through openings in

the reactor top shield, and inserted into the core region of the reactor.

Each fuel element consists of 7 rods containing 12 uranium fuel slugs, making up the fuel
element. The walls of fuel rods are 0.10 inch wall thick, and are also referred to as "fuel
cladding". The 12 fuel slugs are % inches in diameter, six inches long, and are held in
place by a sodium-potassium compound called "NaK". (An acronym made up of the
chemical symbols for the two elements, which come from their latin names — sodium
[Natrium] and potassium [Kalium].) The NaK fills the annulus between the uranjum fuel
and the stainless steel cladding. The six outside rods of the fuel element are spirally
wrapped with stainless steel wire to prevent the rods from touching each other or the

coolant tube in the moderator can. R¢t 12!

At the top of each fuel element is a gas space of 110 cubic centimeters (cc) for thermal
expansion of the NaK, and for collecting radioactive fission gases which may not be
retained in the fuel during irradiation in the reactor. Fission gases collected in the annulus

or gas space of each fuel rod are also referred to as the "gap activity".
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Each fuel element has an adapter on the bottom end which serves as a guide for placing
the assembly and also has an orifice plate to limit the sodium flow through that particular
channel. The purpose of the orifice plate is to adjust the flow through each coolant
channel to provide an even temperature distribution across the width of the core. The
center of the core has the highest neutron population, and therefore the highest heating
rate. By adjusting the flow rate through individual fuel channels, it is possible to change
the amount of heat removed in each individual fuel channel, and thereby attain a more
uniform exit temperature across the diameter of the core. The flow rate through the center
of the core is designed to be 5 feet per second in order to remove a large quantity of heat,
while at the outside edge flow rate might be much less, in order to keep the temperature

at the edge of the core closer to that at the center. R 267)

2.2.1.2.2. Safety Control Rods

There are 4 safety control rods that perform a safety shutdown function called a reactor
"scram". A scram is an automatic shutdown of the reactor by dropping the safety control
rods into the core. Normally, the automatic control circuits initiate a reactor scram, but
the operator may also initiate a scram from the reactor control console. The safety control
rods contain an alloy of boron and nickel. Boron is an excellent absorber of neutrons, and
is used in reactors to provide a neutron "sponge" function. The safety rods are contained
in a stainless steel pull tube contained within a thimble assembly that extends from the
top service area of the rotatable shield plug to just below the active region of the core.
The pull tube is raised or lowered from the reactor core by means of a screw and-nut
arrangement. The nut, attached to the pull tube, is prevented from moving by guides that
move in flutes machined into the wall of the thimble assembly above the core. A control
rod drive motor located on top of the shield plug turns a screw which rotates through the

nut, raising or lowering the pull tube.

The safety rods are operated by a high-speed drive that retracts the pull tube at 3.75
ft/min. A "hold" magnet is built into the thimble which can be released at any time during
retraction from the core or after full withdrawal. When the magnet is disengaged, such as

by a scram signal, the safety rods fall into the core by gravity.

The safety rods are fully withdrawn prior to reactor startup. [Ref. 2]
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2.2.1.2.3. Shim and Regulating Control Rods

There are 2 control rods that provide a "shim "or very fine adjustment to the neutron
population in the core. Two other control rods provide "regulating" adjustments. The

shim rods and regulating rods also contain boron-nickel alloy.

The shim rods have dual speed drive motors that produce 0.29 ft/min for fine control rod
adjustments. The regulating rods have "high speed" travel at 3.75 ft/min. The high speed
drives are prevented from traveling more than 7 inches in either direction by the
automatic control system. The operator may move the rods in or out in a shutdown or
startup operation by pressing a switch on the control console. The shim rod and

regulating rods do not provide a scram function.

The shim rods and regulating rods are the main control mechanism for bringing the
reactor to initial criticality during startup. Increase or decrease of their position in the
core during power operation regulates the neutron population in the active core. The shim
rods and regulating rods are never fully withdrawn from the core, as are the safety control

rods. Ref-21
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2.3. Support Systems and Equipment
23.1. Fuel Handling Cask

Provisions are made to remove a fuel assembly for examination and to insert
experimental assemblies into the active core region when the reactor is shut down by use
of a machine called the fuel handling cask. The SRE documents and drawings may also
refer to the cask as the Fuel Handling Machine (FHM) or "coffin".

The fuel handling cask is 35 feet high, weighs 50 tons, and is moved around the reactor
high bay area by the overhead 75 ton capacity crane. It is a lead-lined shielded device,
which contains hoisting devices used for fuel assemblies and other reactor components.
Difficulty in fuel assembly removal is compounded by the fact that an inert atmosphere
must be established and maintained during all fuel handling operations. This requires that
the cask form a gas-tight seal to the top shield to prevent oxygen from reacting with the

sodium coolant, and as a precaution to prevent a sodium fire in the reactor.

A schematic diagram of the operational configuration of the fuel handling cask is shown
in Figure 2.12. Access to the core is made by first removing the retainer ring and gasket
and any electrical or instrument connections on the particular shield plug. The fuel
handling cask is then positioned over the shield plug. The cask is positioned by marks on
the reactor loading face to provide an accurate positioning. A pneumatic ram inside the
cask pushes down on the shield plug to seat the O-rings tightly. Then a lead shield skirt is
pneumatically lowered down to the top shield surface. A gas lock at the lower end of the
cask, where the seal has been made to the shield casing, is then evacuated by means of a
vacuum pump. After verification of a gas-tight seal, helium is admitted into the cask, and
the cask is pressurized to 3 psig. The exhaust of the vacuum pump is connected to header
506 in the reactor building through a flexible hose connection. Normally, header 506 is
connected to the suction tank, and any gases collected during operation of the fuel

handling cask are drawn into the holdup tanks by the waste gas compressors.

Once the pressure is equalized between the reactor cover gas and the fuel handling cask,
the planned operation is ready to be performed. If a fuel assembly is to be removed, for
example, one of two grappling devices is lowered and attaches to the fuel assembly’s

shield plug. After latching onto the shield plug, the plug and assembly are lifted up into
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the cask. A rotating device in the cask turns 180 degrees to store the old assembly while
simultaneously placing the new assembly in position for insertion into the core. Each
assembly is attached to its own individual shield plug, and records are kept so that each
assembly’s location in the core may be checked by referring to the shield plug number
assigned to that assembly. After the new assembly is placed in the core, the grappling
mechanism is retracted into the cask, and the pneumatic latching device then presses
down on the O-ring seal, and evacuates the cask again to purge any radioactive gases.
Fresh helium is drawn into the gas lock. The lead skirt is raised, and the gas lock seal is
broken to the shield casing. The cask is now free to transport the assembly to the fuel

storage area, or to move to a new position. R 6 11]

2.3.2. Radieactive Vent Systems

Gases used for cover gas in sodium systems, such as the reactor and fuel assembly wash
cells, are potentially radioactive. The design of the SRE was to collect all such gases in a
tank, compress the gases and put them in a gas holdup tank until they had decayed
sufficiently to allow discharge to the environment. The radioactive vent system is
designed to collect such gases, and collects all potentially radioactive gases from the

plant.

A schematic diagram of the Vent Gas System is shown in Figure 2.13. The Vent Gas
System, actually consists of two separate systems upstream of the suction tank. Helium
cover gas is used for all areas that might be directly exposed to a free sodium surface. A
nitrogen cover gas is used for all areas that required a cover gas, but is not in direct

contact with sodium. [Ref- 1%

Figure 2.13 is a simplified diagram of the vent system as it existed in July, 1959, as could
best be determined from available records. Appendix B contains the main figures from
which Figure 2.13 was derived, together with excerpts from operating procedures and
valve lists for the vent system and documents that provided abbreviated diagrams of the

system.

The helium supply system supplies helium to all components and systems that contain
sodium or can potentially come into contact with sodium used in the reactor. The

nitrogen supply system provides nitrogen to all other components and systems that must
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The waste gas vent system collects, directs and removes gas from two sources - those

that are “probably” contaminated, and those which are “possibly” contaminated. The vent

gas headers are separated according to their potential contamination. The gas sources

were described as follows:

[Ref. 15]

A. Normally Containing Radioactivity

*

*

*

*

Reactor and primary fill tank cover gas

Primary system cold traps and vents

Cleaning cell vents

Fuel Handling Cask service connections

Radioactive liquid waste holdup tank vents

Hot cell radioactive gas service connections

Hot trap vents

B. Normally Non-radioactive

¢ Primary system pump vents

¢ Reactor Drain line freeze trap vents

¢ Helium supply system relief valves for following:

Block valves

Double walled pipes
Control & safety rods
Disposable cold traps
Core tank cavity

Main & aux piping and equipment

¢ Nitrogen supply system relief valves as follows:
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»  Main & auxiliary primary system galleries
* Fill tank vault
* Disposable cold trap vault
* Insulation cavity
Nitrogen System Gallery atmosphere discharge
Insulation cavity vent (normally closed) |
Core tank cavity vent (normally closed)
Block valve vents (normally closed)
Double walled pipe vents (normally closed)

New fuel storage cells

The Vent Gas System consists of five major headers, the vent compressor area, and the

waste gas decay tanks. Each portion of the system is described below. It is suggested to

refer to Figure 2.13 for an understanding of the vent gas system.

2.3.2.1. Header 492

Header 492 is the relief valve collection header for all primary systems using helium in

the pressure control stations.**" ¢ Relief valves are provided to prevent overfilling of the

blanket gas in various components and areas. Header 492 is connected to the following:

*

*

reactor insulation cavity relief valves,
core cavity relief valves,

primary cold trap relief valve,

auxiliary double wall pipe relief valves,
safety rod relief valve,

shim rod relief valve,

main double wall pipe relief valve,
main gallery relief valve,
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¢ primary fill tank vault relief valve,
¢ sodium service vault relief valve,
¢ auxiliary gallery relief valve,

¢ NaK system relief valve.

Some system vents may also be opened to Header 492 via manually operated valves
during initial startup operations. These valves are normally closed during power
operation. When the vent is opened, there is helium flow through the supply system.
When the vents are closed, there is no longer any gas flow through the system, and the
system is confirmed closed. Header 492 also is used to vent the following components

via manually operated valves:
¢ reactor insulation cavity vent,

¢ core tank cavity vent,

L 2

Valve V104 vent,

*

auxiliary double wall pipe vent,
¢ main double wall pipe vent,

¢ hot trap A&B freeze trap vents,
¢ primary cold trap vent.

Header 492 is divided into two sections in the reactor building — the high bay branch
header (490) and the secondary branch header (489). These two headers join Header 492
at the northwest corner of the reactor building which continues underground to the
compressor suction tank. North of the primary fill tank vault, branch header 375 (gallery
and primary fill tank vault relief valves) joins Header 492.

A main block valve, V492C, is installed in Header 492 before the suction tank and is
located in the valve pit south of the compressor vault. The block valve is used to isolate
Header 492 from the suction tank when the reactor is not operating. Normally, the block

valve is open when the reactor is at power.
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Header 492 normally does not have flow through the pipe, and is provided as a pathway

for the relief valves to vent to the suction tank when the reactor is at power.
2.3.2.2. Header 497

Header 497 is the header that services the reactor cover gas and primary fill tank
atmospheres. Vent line 496 connects the primary fill tank to the reactor cover gas volume

through a vapor trap, and contains isolation valve 496. Valve 496 and valve 137 are

normally open during power operation, R 1% €]

Header 497 is connected to the following:
¢ Reactor and primary fill tank cover gas
¢ Primary fill tank relief valves and vents
¢ Primary system cold traps and vents
¢ Hot trap vents

+ Disposable cold traps and vents

2.3.2.3. Header 506

Header 506 serves as a vent for the liquid waste system and also the reactor high bay area
four vent connections for the fuel handling machine. The four vent connections are
located on the east and west side of the loading face, west of the storage cells, and south
of the wash cells. From the wash cell area, the header goes underground to the
radioactive sump tank, and terminates at the compressor suction tank. It is connected to
the bottom of the compressor suction tank, since it serves as a drain for the suction tank

and compressor system. "t 6]

Header 506 is connected to the following:
¢ Fuel Handling Cask service connections
¢ Liquid waste vents

+ New fuel storage cells
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¢ Cleaning cell vents
¢ Radioactive liquid sump tank vent
+ Compressor suction tank drain (normally closed)

Header 506 has a bypass around the waste gas suction tank such that vent gases may go
directly to the stack. An inline radiation detector monitors for radioactivity, and a
solenoid valve diverts any radioactive gases to the suction tank and subsequently to the

waste gas holdup tanks if the gases exceed a preset limit.
2.3.2.4. Header 520

Vent Header 520 is the vent header for the disposal of radioactive gases resulting from
hot cell operation. This header is closed unless the hot cells are in operation. Opening and
operation of the hot cells requires the approval of the shift supervisor, and is controlled

by procedure SRE-415.

Header 520 had no impact or involvement with the fuel damage incident of Run 14.

2.3.2.5. Header 526

Header 526 is the vent header for the helium supply system. It provides for relief of the
main primary piping helium pressure control stations and the auxiliary helium pressure

control stations.
Header 526 was not involved in the events associated with Run 14 of the SRE.
2.3.3. Waste Gas Compressors and Decay Tanks

Gases that are considered potentially radioactive, e.g., headers 492 and 497 are routed to
a "suction tank" located approximately 170 feet north of the reactor building in a shielded
pit. Rt 1 A5 shown in Figure 2.13, two compressors take suction on the suction tank and
force the gas into one of four decay tanks. The suction tank is maintained at a negative
pressure of -1.5 to -4 psig, so that it provides sufficient vacuum to always induce flow
from the connected headers. The negative pressure also ensures that any leakage is into
the vent system. Should the compressor tank start to lose vacuum, one or both

compressors automatically start. If both compressors cannot maintain vacuum, and the
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pressure reaches a pressure of -0.3 psig, an alarm sounds (BHPA602) in the control

room. [ See Dwgs. Appendix B]

The compressors operate individually, but are set to switch duty so that each compressor
operates an equal amount of time. By selection of valves, the operators may choose
which holdup tank the compressors will fill. Each holdup tank holds 2700 standard cubic
feet of gas at 100 psig. The tanks are monitored by health physics personnel, who sample
the contents, and when the radioactive gases have decayed to a sufficient level, a
calculation is done to determine the release rate for the tank, and the tank is then vented

to the atmosphere via the plant stack.
2.34. Plant Stack

The plant stack is the release point for the vent system, including the decay tanks. The
stack is 3 feet in diameter. When venting a decay tank is required, the tank is vented
through line 537, as shown in Figure 2.13. The rate of discharge is monitored and a
25,000 cfm dilution fan further reduce the concentration of gases released to the
environment. Records indicate that the normal release rate from a decay tank is 145 cubic
feet per hour (approximately 2.5 cfm)™* 2] Lower flow rates may be used if the activity
is higher.

The gas in the stack is also monitored for radioactivity by a radiation detector which
draws a small flow out of the stack and checks the level of radioactivity. Preset limits are
built into the detection system, and if the limits are exceeded, the system closes solenoid
valve SV-604, which terminates the discharge from the decay tank. The limit for the
stack monitor is 5.0x10” uCi/cc " #*! The monitoring point is 12 feet above the vent

line entry point.

The original design of the SRE vent system included the capability for individual vent
lines to go directly to the stack, and radiation detectors in the individual lines would
automatically divert the flow from the stack to the suction tank if radioactivity was
detected in the vent. The problem with this design was that when such a signal was
received, the solenoid valve required to open to the suction tank would stick closed, and
the venting would be terminated. Relief valves were then added to the vent system, to

prevent overpressurization of a vent line when the vent line was being filled by operation
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of the helium/nitrogen supply system and the solenoid valve failed to open. In December,
1957, recommendations were made to install a bypass line around the radiation monitors.
With the bypass open, the alignment of the vent lines in “Category A” discussed in
Section 2.2.2. were to the suction tank.®* ' The problems with the automated vent
system were thus solved by the administrative directive that all vent headers were to be

aligned to the suction tank for normal operation, Ref >7851 1.13,14.16,28]

2.3.5. Reactor Building Ventilation

The reactor building ventilation system is designed to move air toward potentially
contaminated areas. This is accomplished by keeping the hot cell area and the reactor
high bay area pressure more negative than the contiguous air spaces, such as the
conference room, control room and administrative offices. Makeup air is brought in from
the outside, combined with recirculated air in the offices and control room to maintain a
positive pressure with respect to the potentially contaminated areas. Independent of the
makeup air to the administrative areas, 5 air changes an hour are brought into the high
bay area through roughing filters in the low bay roof and is discharged into the high bay
volume. The two high bay supply fans are rated at 7500 scfm and are equipped with
dampers to maintain the negative pressure required. Two Exhaust fans in the high bay
area are located on the reactor building roof, and draw air out of the building at 12,000
scfm each. Interlocks in the ventilation system prevent the supply fans from starting
unless the exhaust fans are already running, in order to prevent pressurization of the

reactor building.

The original design included filters on the reactor building roof to remove particulate
material, but the system was continually compromised by water vapor collecting in the

filters. The filter system was eventually bypassed entirely.

The high bay area ventilation exhausts directly to the environment, and not through the

plant stack.
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Figure 2.2 SRE Reactor Building View
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3. Sequence of Operating Events Prior to Run 14

Operation of the SRE has been described by specific periods of operation of the reactor
called “Runs”, which were planned experiments with defined objectives. The overall
objective of the SRE was to demonstrate the feasibility of a sodium-cooled reactor as a
heat source for generation of electricity. Another objective was to gain experimental data
and operating experience on natural uranium fuel and various uranium alloys. Table 3.1
shows a summary of the SRE power history, including dates of operation and irradiation

history of the core.

A reactor is said to be “critical” when the uranium fission process in the core produces as
many neutrons as it loses by various processes, and the fission process becomes self-
sustaining. This milestone for the SRE was reached for the first time on April 27, 1957.
At this point in the operational history, the reactor was not producing any power, but

experiments and startup testing of the instrumentation and calibration of control rods was

begun.Ret 2]

3.1. Power Runs 1 through 7

Power Run 1 has been defined as the period July 9, 1957 to July 15, 1957. During this
period, various reactor measurements were made, including measurements of the effect
of temperature changes on the reactivity of the fuel. Testing of the emergency shutdown

procedures were also conducted, called “scram” tests.

Power Run 2 (July 15, 1957 — July 26, 1957) dealt with filling the secondary sodium loop
and connecting the electrical plant to the reactor plant. The SRE had a turbine-generator
that could be operated by steam produced by heat from the reactor. The steam plant was
operated by Southern California Edison, and first produced electricity on July 12, 1957.
Following this experiment, the reactor was shut down until November, 1957.

Modifications were made to the systems during this time. ® %
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Table 3.1 Summary of SRE Power Operation

Power Time Interval Operating | Average Total Total
Run Days Thermal | Irradiation Irradiation
Power (MWD) Accumulated
MW) since Startup
(MWD)
1 07/09/57 —07/15/57
2 07/15/57 - 07/26/57 5.7 3.93 22,6 22.6
3 11/07/57 — 11/29/57 12.6 6.20 78.2 100.8
4 05/21/58 — 05/28/58 133 8.73 116.2 217.0
5 07/18/58 — 08/04/58 11.5 17.7 203.8 420.8
6 08/08/58 — 09/01/58 220 17.9 394.0 814.8
7 09/08/58 — 09/25/58 17.2 17.8 306.0 1120.8
8 11/29/58 — 01/29/59 37.0 16.15 597.8 1718.6
9 02/14/58 — 02/26/59 11.5 11.0 126.5 1845.1
10 03/01/59 - 03/07/59 0.6 5.3 3.1 1848.2
11 03/13/59 — 04/06/59 23.6 12.4 293.5 2141.1
12 05/14/59 — 05/24/59 9.7 15.9 154.3 22954
13 05/27/59 - 06/03/59 6.6 17.3 1143 | 2409.7
14 07/12/59 - 07/26/59 142 1.1 16.1 24258

Power Runs 3 -7 also dealt with operation of the reactor/steam turbine operation. Electricity was

produced during July and November 1957, and May '1958. Much of the time spent during Runs 3 — 7



TDR-DA/0502

involved reactor physics measurements. At the end of Run 7, September 25, 1958 , the
reactor had accumulated a total irradiation of 1120.8 MWD. B<t2l ( A MWD is

equivalent to the fissioning, or burnup, of 1 gram of Uranium 235.)
3.2 Power Runs 8 through 12

Run 8 (11/29/58 — 01/29/59) was marked by problems with oxide content in the primary
sodium loop. During the time interval between Run 7 and the beginning of Run 8, the
primary sodium was pumped back and forth several times between the primary loop and
the primary fill tank. The fill tank was known to contain large amounts of sodium oxide.
[Ref. 2 pe 1] These pumping and mixing operations resulted in the introduction of sodium
oxide into the primary system. Sodium oxide is a very fine whitish-greyish solid, which is
twice as dense as pure sodium. Eighteen fuel elements were removed from the reactor,

examined in the SRE hot cell, and reinstalled in the reactor for continued operation, R¢f-2

pg.ll-1]

Normally, the difference in temperature between core inlet and outlet primary sodium is
around 100°F. At the beginning of run 8, some of the exit temperatures were abnormally
high as compared to the core inlet temperature, which was around 460 °F. The expected
core exit temperature should have been around 560 °F; instead, some were recorded as

high as 800 °F and as low as 415 °F, which was below the core inlet temperature, Rf 2]

The fact that the core exit temperature thermocouples recorded a temperature at the core
exit that was lower than the core inlet is an indication that the exit temperature recorders

were not working correctly, possibly due to oxide buildup.

The operators attributed the wide spread in temperature differences to flow blockages in
the coolant channels caused by the high oxide content of the sodium. The reactor was
shut down, and the sodium coolant was passed through a fine mesh filter called a “cold
trap” to reduce the sodium oxide content. On December 12, 1958, the fuel assemblies
from channels 9 and 10 (which had been running hot) were removed from the reactor and
washed. It was noted that both assemblies had a black residue on their surface before
washing. [Ref-21 Washing the fuel elements proved to be a successful method for

improving the temperature problems that they were experiencing.
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Reactor operations were resumed at low power (1-2 MW) until December 18. The
operators found that raising the reactor power level, and thereby the inlet temperature,
was also effective in bringing the temperature differences back into an expected range.

This was due to the sodium oxide going back into solution at the elevated temperatures.

The operators also found that moving the fuel assemblies up and down about 1 inch or
less in the process tubes also had a beneficial effect on the outlet temperature. Movement
of the fuel channel apparently had the effect of dislodging any foreign material from the
fuel element and the orifice plate of the fuel assembly.

On December 18, reactor power was increased to 12 MW. Primary sodium flow rate was
increased to help maintain more even outlet temperatures across the reactor outlet. On
December 19, reactor power was increased to 14 MW, and continued at that level for

several days. The reactor was shutdown on December 23, to inspect fuel elements. F 2!

Reactor operations were resumed on December 27, after washing 15 fuel elements. A
power level of 20 MW was attained on December 28. The operators continued the

practice of moving the fuel elements to dislodge particles causing flow blockage.

The fuel channel exit temperature problem continued to improve through the remainder
of Run 8, until the planned exposure of 600 MWD was achieved. On January 7, a core
cover gas sample was obtained and analyzed. It was at this time that the first evidence of
tetraline in the primary sodium loop was found. The account of this discovery was

reported as:

“On January 7, a sample of the core cover gas was bubbled through
cyclohexane and the solution analyzed. Napthalene was identified,
indicating that tetralin had entered the primary sodium at some earlier
time. Prior to this analysis, the presence of tetralin in the primary system
was not suspected. The only known tetralin leak prior to this occurred in
June 1958 when a crack was found in the bearing housing casting of the
main primary pump. It is not known if any tetralin had entered the primary

sodium at that time.” ¢ 2 P& 1131
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Power Run 8 can be summarized as being a period when reactor operations did not go as
expected. The introduction of sodium oxide into the primary loop with some introduction
of tetralin into the primary system caused outlet temperatures at the reactor core to vary,
indicating some interference with heat transfer was taking place. The flow blockage was

not sufficient to cause automatic reactor scram, or any apparent fuel damage.

Following Run 8, more fuel elements were removed and washed, and the primary sodium

was processed through cold traps to get the oxygen level down to less than 5 ppm.

Run 9 (February 14 — February 26, 1959) was marked by core exit temperatures being
higher than expected. Run 9 was carried out at power levels of 18-20 MW. Reactor
shutdowns were done on February 16 and 18 to wash some fuel assemblies. The expected

burnup of 125 MWD was achieved and the run was terminated on February 29.

At the end of Run 9, the fuel assembly in core channel 56 was removed and examined.

The orifice plate had a thin black deposit, indicating the presence of an oxide.

Run 10 (March 6 — March 7, 1959) was conducted as part of a test on a uranium oxide
fuel assembly. UO, fuel later became the standard fuel design for light water reactors in

the United States. There were no unusual circumstances noted in this brief run.

Run 11 (March 16 to April 6, 1959) still showed some problems with core exit
temperatures during the period March 16 through March 20, while the reactor was at low
power levels. Beginning March 20 through March 23, the reactor power was increased to
20 MW, and continued at that level until problems with the primary sodium flow caused
several reactor scrams. The problem with the sodium flow was traced to introduction of
helium into the primary sodium coolant, causing the primary sodium pumps to cavitate.

[Ref- 2pp 141 The reactor was brought back to 18 MW on March 28.

A reduction in the temperature differences was noted toward the end of Run 11. During
the shutdown following Run 11, 21 fuel assemblies were visually examined with a
television camera mounted in the fuel handling cask. All 21 assemblies were found to be

in good condition and were returned to the reactor.

Radiation levels in the main sodium galleries had increased during Run 11, but were not

50 high as to prohibit maintenance work from proceeding. ™ 278 ™3] The increase in
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radiation levels was due to buildup of fission products in the cold traps, which are very
fine mesh filters used to remove particulate material from the sodium coolant. The
increase in primary sodium coolant activity was not considered out of the ordinary after

operating the reactor for the length of time that Run 11 consumed.

Run 12 (May 14 — May 24) was completed without incident. On May 22, a high
temperature run was conducted in which the reactor outlet temperature was increased to
1065 °F for a period of about 1 hour with a power level of 6 MW. Following Run 12, a
core cover gas sample was taken and was analyzed to be 1.7 x 107 pCi/ce. Xenon
activity had been noticed after lengthy runs and was not considered abnormal, but due to
pinhole leaks in the fuel cladding, Bt # or possibly “tramp” uranium in the primary

sodium.
3.3. Power Run 13

Although the fuel damage incident occurred during Run 14, certain events took place
during Run 13 which were directly linked with the operational problems that occurred
during Run 14.

3.3.1. Temperature Effects

Power Run 13 covered the time period May 27 to June 3, 1959. Following the end of Run
13, there was a shutdown of approximately a 39 day period before the start of Run 14,
which began on July 12, 1959. Power Run 13 was planned to follow the same power
history as Run 12, and achieve a burnup of 150 MWD. The run proceeded without
incident until near the end of the run, when on May 29, a scram occurred due to an
abnormal sodium flow rate. The reactor was restarted and returned to normal operating
conditions until 9:00 AM on May 30. At that point, several deviations from normal

operation started to occur. They were identified as:

“a) The reactor inlet temperature started a slow rise from 545 °F to 580 °F .

The rise was very slow, extending over a period of about 3 days.

b) The log mean temperature difference (LMTD) across the intermediate
heat exchanger started to increase which indicated impaired heat transfer

characteristics. A rather sharp increase in LMTD occurred on June 1.
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c¢) A thermocouple located in a fuel slug in the element in core channel 67
showed an increase from 860 °F to 945 °F. This change started at 0840 and
ended at 0900 on May 30. A similar thermocouple in the fuel clement in

core channel 36 did not show a corresponding increase.

d) Some of the fuel-channel exit temperatures showed a slight temperature

increase of about 10 °F.

e) The moderator delta T chart shows an abrupt jump of about 30°F at
2230 on May 30. The chart shows fluctuations of about 18°F for the 4

hours immediately proceeding. Prior to this, it had been quite stable.

f) The temperature indicated by a thermocouple in a probe located in
corner channel 16 showed fluctuations of about 30°F. A few hours later,

this temperature settled down to a steady value.

g) Although it was not noted at the time because the reactor was on
automatic control, an examination of the record of shim-rod position
(made after run 14) showed that a shim-rod motion corresponding to a
reactivity increase of about 0.3% had occurred. This change in reactivity
was gradual and extended over a period of about 6 hours. Following this
the reactivity showed a steady increase of about 0.1% over the next three

days of operation, « [Ref-2 pp-I1-7]

The log mean temperature difference (LMTD) is a term used to provide an indication of
the thermodynamic performance of the heat exchanger. This difference is normally about
75-80 °F R 2] for the intermediate sodium heat exchanger, and an increase in this
difference is an indication that something is interfering with heat transfer. The
implication is that the same problem might be occurring in the fuel channels as well. Poor
heat transfer in the core may lead to excessive fuel heating and possible damage to the
fuel. Figure 3.1 shows the log mean temperature difference as recorded for the period
May 30 through June 2.

Figure 3.2 shows the fuel channel 54 exit temperature for the period May 27 through June
2. The design temperature outlet temperature is 1000 °F for the SRE. The outlet

3-7



TDR-DA/0502

temperature of the fuel channels is measured at the top of the fuel channel. Since the
temperature of the coolant is always less than the fuel temperature when the reactor is
operating, we can infer that the fuel temperature must be somewhere around 80 to 100 °F
higher than the coolant. Although the temperature was elevated beyond normal levels, no
evidence was found that fuel damage actually occurred during Run 13. Inspection of the
decay tank samples after Run 13 showed activity on the order of 10™* pCi/cc, which was

not considered out of the ordinary.
3.3.2. Tetralin Contamination

Previous experience with tetralin leaks in Run 8 helped identify the problem with heat
transfer that was identified in Run 13. Tetralin is a clear colorless liquid that is a very
good solvent. Tetralin has a boiling point between 405 and 420 °F.F* 27 Tetralin
decomposes at temperatures in the range of 800-850 °F. Decomposition products include
hydrogen, napthalene, and carbon.®*PP V"Bl Carbon may go into solution up to its
limit of solubility, and then exist in small particles that are suspended in the sodium

coolant.

The best estimate of the time that the tetralin leaked into the system was from May 30

until June 3, the time of reactor shutdown for Run 13. It was estimated that

“the total tetralin leakage during and following run 13 was 1 to 10 gallons
corresponding to 8 to 80 1b. Since tetralin is 90.9% carbon and 9.1%
hydrogen, this corresponds to a range of about 7 - 70 Ib of carbon and 0.7 -
7 Ib of hydrogen.”Fe" 3]

The operators recognized the problem of tetralin leakage, partly from their experience
gained from the leakage that occurred during Run 8, and also to the odor of tetralin
detected in the pump casing of the main primary sodium pump. Run 13 was terminated

on June 3, 1959,

On June 12, after a period to allow Na* to decay, the primary pump was removed. A
small leak was discovered in the wall of the thermocouple well of the freeze gland seal of
the pump. ®< ! Plans were then made to remove the tetralin to restore the heat transfer

capability to design conditions.
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3.3.3. Wash Cell Incident

Following the shutdown of the reactor after Run 13, 17 fuel elements were removed from
the reactor and were visually examined with a television camera mounted in the fuel
handling cask. The assemblies were found to be “dirty” but otherwise in good shape. The
fuel assembly from core channel R-56 was removed and placed in wash cell “B” for
cleaning and examination. During this process on June 4, the wash cell was evacuated
and approximately 18 gallons of water were introduced into the cell. The fuel handling
cask had been moved to its next position in the storage cell area, and the hold-down clips

on the shield plug in wash cell B had not been installed.

A sodium-water reaction occurred, which caused a pressure surge, which severed the
hanger tube and lifted the shield plug and hanger tube approximately 18 feet into the air.
The shield plug/hanger tube came to rest between wash cells “B” and “C”. Operations
personnel turned off the supply and exhaust fans in the high bay area while a survey was
being made. The fans were turned back on a few minutes later, and the high bay filters

were placed in service. R 17

The wash cell vent line was closed at the holdup tank storage area, since the ventilation in
the wash cell was pulling air through the open shield plug opening at the top of the wash
cell. An air sampler was placed in the vicinity of the wash cells in the high bay area, and
an activity of 3.0 x 10® uCi/cc was measured. Plastic sheets were placed on the floor of

the high bay area to prevent recontamination of the floor during cleanup operations.

No further washings of fuel assemblies were conducted. The wash cell incident was
essentially over by June 8. It was determined that hydrocarbon deposits (from the
breakdown of tetralin) clogged the drain holes on the hanger rod, preventing the sodium
to drain out of the tube when it was removed from the reactor. B 1"!®1 The hanger rod is

located at the top of the fuel assembly, as shown in figure 2.10.
3.3.4. Removal of Tetralin

Plans were made to bubble nitrogen gas through the primary sodium in order to remove
the tetralin. The same procedure had been used during Run 8 to clean the secondary
sodium fill tank. In preparation for nitrogen gas purging of the primary sodium, the
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helium cover gas had to be replaced in order to remove any radioactive gases. Sample
data from the holdup tanks indicate that the cover gas was vented to the holdup tanks on
June 2, 3, and 4™ .

The Interim Report Rt 2! jdentified the pathway for nitrogen injection as follows:

“Seventeen elements were removed from the reactor and the sodium level
in the upper pool was lowered to about 6 inches above the moderator cans.
The nitrogen stripping operation began on June 17 and continued until
July 5 with 26 fuel elements remaining in the reactor. The sodium
temperature was 350 °F at the start and was raised to 425 °F by the end to
enhance the removal of tetralin. Nitrogen was admitted to the system
through the primary pump casing, passing through the heat exchanger, and
then into the bottom of the reactor; 400,000 ft> was used.”

There is no mention in any of the available reports as to how the nitrogen was collected,
other than it was discharged from the reactor through the vent system. Operating
procedures were reviewed, and an assessment was made as to the most probable method
of venting the nitrogen, given the fact that some of the fuel assemblies were removed in
order to facilitate bubbling up through the core. A relevant fact is that the holdup tanks
show ventings to the environment during at least a portion of the period when nitrogen
purging of the reactor was taking place. Samples were taken of the holdup tanks from
June 17 through June 24, indicating that the pathway was from the reactor to the holdup
tanks, and most likely through the normal vent header 497. Following June 24, there is no
sample from the holdup tanks until July 1. From July 1 until the end of the nitrogen purge
on July 5, an additional 3 ventings took place, indicating that the valve alignment at that
time was to the holdup tanks. The sample data for the holdup tanks are provided in
Appendix C.

The added explanation in the Interim Report was

“The stripping process was terminated when no more impurities were
being removed. The system was then purged for 10 hours with 4700 ft’ of

helium and argon.”
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There were two holdup tank volumes collected on July 1, which would account for the
purging of the nitrogen with helium and argon. The above quote also gives an idea of the
purging rate for that particular alignment, which was indicated as 470 ft* per hour, or
about 7 cfim. If we assume that the stripping went directly to the environment for the
period June 24 until July 1, then 380,000 ft> must have been vented at a flow rate of
approximately 50 cfm.

Another possible scenario would be to vent to the holdup tanks only periodically, as it
would be prudent to assume that sampling of the release would be a requirement as per
procedure. In this case, the venting would be aligned such that samples could be taken
more frequently at first, since the concentration of radioactive gases in the exhaust stream
would be higher, and less frequently later on during the venting, after it was established
that releases were not exceeding limits for release to the environment. In this case, the
400,000 ft* would be vented intermittently to the holdup tanks over a 13 day period. This
equates to a flow rate of 20-25 cfm.

As mentioned above, 17 of the 43 fuel assemblies were removed for the nitrogen
stripping operation. This was done to enhance nitrogen flow through the core. The only
direct access to the cover gas over the core is via the fuel handling cask with a shield plug

removed.

While it cannot be determined with certainty the exact route that the vent gas followed
during the stripping operation, it is most likely that the fuel handling cask was situated
over a shield plug opening and the vacuum pump of the fuel handling cask was used to
transfer the nitrogen gas to the vent system. The fuel handling cask vents to header 506,
as shown in Figure 2.12. This pathway requires use of header 506 bypass when it is
directed to the environment via the stack. This can be accomplished by closing solenoid
valve SV-607 and opening SV-608. This provides a short and direct pathway to the stack,
and allows periodic sampling of the nitrogen gas by diverting the flow back to the holdup
tanks. No other system valving needed to be changed to accomplish the venting.

After termination of the venting and insertion of the shield plug into the face shield, as
per the procedure for operating the fuel handling cask, the vent header valve (504G-1,
west side of face shield, or 504G-2, east side of face shield) was closed in the high bay
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area, and the flexible hoses to the fuel handling cask were removed. It is possible that the
solenoid valves SV-607 and SV-608 were left in the bypass position, since the
arrangement described above was not a normal operational alignment. Normally, vent

header 506 is aligned to the decay tanks via the suction tank.

3.3.5. Nitrogen Contamination

On July 30, 1959, the minutes of the Ad Hoc Review Committee contained the following

statements:

“...The nitrogen was introduced by putting it through the [primary] pump
and forcing it into the bottom of the reactor. The nitrogen content was not
measured. Calculations were made, subsequently, so that enough helium
would be bubbled through the core to purge and reduce the nitrogen
concentration to 4%. This is considered acceptable for continued

operation.” [Ret19)

Both the Interim Report and the Final Report 523 discuss the metallurgical effects of
the introduction of nitrogen into the primary sodium system, and do not mention a very
important aspect of the nitrogen stripping operation — the production of N'¢ through
activation by neutron absorption. The half-life of N is very short, on the order of 7
seconds, and is not important in normal circumstances when there is no access above the
reactor vessel during power operation. However, even with the reactor at low power, any
leakage of gas from the 81 shield plugs at the loading face would cause the background
radiation levels to increasesignificantly. N'¢ decays to O'®, which would react with the
sodium coolant to produce sodium oxide - the problem experienced with heat transfer and
flow blockage during Run 14. The neutron flux in the cover gas was estimated to be high

enough to cause activation of N'° to N6, [Refs. 41, 44]

Apparently, at the time of the SRE, the N'¢ activation problem had not yet been
discovered, or was not well known. A few years later, when experiments were being
conducted on light water reactors, the discovery was made of N'® generation. In light
water reactors, as reactor coolant travels through the core, there is some radiolytic

decomposition of water, producing O'® and free hydrogen. N' is produced by the



TDR-DA/0502

O'(n,p)N'® reaction in water with resultant beta decay, emitting very strong gammas 78

percent of the time. The gamma energies are 6.13 and 7.11 Mev.Ret- 201

3.3.6. Purging Cover Gas

Following the nitrogen purge, the cover gas had to be recharged with helium. Helium and
argon were used to purge the system for 10 hours to replace the nitrogen in the system.
[Ref. 2. pp I0-8] 1 jke nitrogen, argon also undergoes activation by neutrons, and becomes
Ar*!. Argon-41 has a half-life of 1.83 hours with a gamma photon energy of 1.29 Mev.
[Ref. 20] The relative amount of argon that was added was not mentioned in the Al
investigation of the incident, but this may also have contributed to the radiation effects

that occurred during Run 14 with the activity problems in the high bay.

The holdup tanks are sampled just prior to venting to the environment. The records in
Appendix C indicate that the holdup tanks were sampled and discharged to the
environment on July 9%, 10% and 11% . Earlier ventings of the holdup tanks took place on
July 1% and July 3", indicating that the valve lineup of header 497 was to the suction
tank.



vi-¢

Io3ueyoxy JesH 91BIPaULIdIU] -9oUdIaJ1(] sanjerodwa | uesjy 807 1°¢ 23
U ‘§3)81I0S5 Y % J3lueQq mﬂma .
65/€0/90 65/20/90 65/L0/90 6S/L€/S0 6S/0€/50

___A_m""___M_VA____~m__w_»"__m__L__rME [ S Gl

— 001

— G0l

¢0s0/vad-ydl

3-14

4, ainjesadwa ]



U] ‘SA)BIDOSSY % [IIUB(

65/50/90

65/€0/90

omjeradwis | IXH $§ [ouuey)) [ong '€ o3

65/10/90

Si-¢

ajeq

65/0€/50

65/82/50

65/92/S0

00¢

— 00V

— 009

— 008

— 0001

ooct

0s0/vad-dd.l

4, aanesadwa )

3-15



TDR-DA/0502

4. SRE Fuel Damage Incident (Run 14)
4.1. State of Knowledge in 1959

The design and construction of the SRE was to gain operating experience using uranium
fuel in a reactor used to produce electricity. The fuel elements in the SRE design were
operating under untried conditions. Fuel design limits were based on theoretical limits,
not operational experience. Cladding materials were likewise untested, with little or no
operating experience. The Zirconium cladding on the moderator cans was later replaced

by a zirconium alloy, called “zircaloy”, which is still in use in today’s nuclear designs.

4.2. Initial Events (July 12-15)

The reactor was brought to criticality at 6:50 AM on July 12. The startup procedure
checklist includes checking that the suction tank compressors are on, and that the
compressors are aligned to a holdup tank, and that the holdup tank is holding pressure.
This is to ensure that radioactive gases will not be vented to the environment. The startup

checklist is provided in Appendix D.

The power increase was described as “cautious”, and reached a power level of 500
kilowatts at 8:35 AM. The operators made note of moderator temperature fluctuations of
about 10 °F, which were considered out-of-ordinary, but they expected problems with
temperature variations because of the tetralin contamination and their experience with
Runs 8 and 12. Some of the fuel channel exit temperatures, which should be close to one
another, started to diverge. This was an indication of either flow blockage in the fuel
channels or uneven heat transfer in some of the fuel channels. Power levels were kept
below 1 Mw during the morning until a reactor scram occurred at 11:42 AM. This

automatic shutdown was due to loss of auxiliary primary sodium flow. ®e2]

The reactor was restarted and brought to criticality at 12:15 PM. Over the next few
hours, the reactor was increased in power level, such that at 5:00 PM, the reactor was at a

power level of 2.7 MW.
4.2.1. High Bay Activity

At 3:30 PM, the two air monitors in the high bay area showed an increase in radioactivity

levels. The high bay area radiation levels are reproduced as Figure 4.1 for this time
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period on July 12. The data in Figure 4.1 was benchmarked to the statement in the
Interim Report that

“At 1620 it was noted that the filter from the air sampler showed an
activity level of 160,000 CPM.” [Ref. 2, (pg. I1I-10)]

With this data point established, it is possible to determine the times that other events
took place. For example, the air filter on the continuous air monitor was changed at 4:25
PM, and immediately went off scale when it was returned to service at 4:45 PM. It was

then removed from service until reactor startup was achieved at 4:40 AM on July 13.

When the continuous air monitor first started to increase at 3:15-3:30 PM on July 12, the
operators decreased the reactor cover gas pressure. A radiation survey was conducted
and it was determined that the most leakage was from the shield plug at core channel
position 7. The sodium level probe was installed in this position. This instrument
measures the sodium level in the reactor and displays the level to the operators in the

control room.

To reduce the leakage into the high bay area the decision was made to reduce pressure in
the reactor. This would take only a minute or two once the decision was made to do so.
It is logical to assume that the operators recognized the benefits of decreasing the leak

rate before conducting the radiation survey, so it is estimated that reduction of the

pressure by venting the cover gas to the holdup tanks took place between 3:30 and 4:00
PM.

Conducting the radiation survey would require a health physics technician to first dress in
anti-contamination clothing, put on and check a suitable respirator before entering the
high bay area. One of the first tasks for the technician would be to locate the source of
increasing radioactivity in the high bay. Once this was done, immediate plans could be
made to either stop or control the leak. The fact that the air sampler was changed at 4:25
PM supports the assumption that either additional personnel were already in the high bay
area or that they were ready to enter the high bay after the survey identified the leak. The
initial reading over the shield plug was 500 mr/hr. Ret2 PpIFI0]
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Faced with the immediate task of stopping the leak at core channel 7, the operators
decided to remove the instrument thimble from core channel 7 and replace it with a
standard shield plug. Removal of the instrument required use of the fuel handling cask.
Core Channel 7 is relatively free of obstructions since it is located near the edge of the
top shield, as a shown in Figure 2.9. The fuel handling cask (FHC) can be positioned
over this channel without removal of any other equipment on the reactor loading face.
When the cask is sealed to the loading face, the internal volume of the gas lock is vented
to header 506. A vacuum is drawn in the gas lock and maintained to verify that the seal
is complete. If the seal is incomplete, the vacuum is released, the FHC repositioned and
the vacuum drawn again. When it is determined that a good seal exists, i.e., no gas can
leak out of the chamber, the faulty shield plug can be replaced. Afier replacing the
shield, the cask is vented again before the seal is broken and the cask removed. The
radiation level near the FHC would be continuously monitored. At 5:00 PM, the
radiation survey was recorded as 25 r/hr at channel 7, which is consistent with removal of
the shield plug, since the opening to the cover gas would be unshielded at that point.
Once the solid shield plug was installed, the reading should decrease to “normal”

background if the leak were terminated.

In addition, at 5:00 PM, the stack monitor showed a “sharp increase” R 2P0 45 1 5 %
10 uCi/ce. This coincides with the operations that were being conducted in the high bay
area, and specifically with the probable time of the ventings of the FHC to purge the gas
lock. It is likely that the solenoid valve for header 506 was closed to the suction tank,
and aligned to the stack at the time. The stack monitor increase occurred approximately
one and a half hours after the first venting of the reactor cover gas between 3:30 and 4:00
PM.

It was noted at 5:30 PM that reactor shutdown was in progress, which takes less than 10
minutes. Once the reactor was shutdown, the short-lived N'® activity would cease, and
relatively normal conditions would exist. Since the reactor did not have sodium level
indication with the probe removed from core channel 7, the decision had been made to
install a manual level probe in core channel 50, which is near the center of the reactor.
Access to core channel 50 requires removal of the control rod drive motors to allow

sufficient room for the fuel handling cask to be positioned at this location. Moving the
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fuel handling cask from core channel 7 required purging the gas lock volume several
more times before the cask could be repositioned over core channel 50. Once in place
over core channel 50, additional purgings of the cask would take place to install the new

sodium level probe. This process would take several hours.

The notation was made that

“At 2057 [8:57PM], the reactor was shut down, the drive units removed,

and the cask placed in operation,” et % pp10-10)

By 10:00 PM, the stack monitor had returned to normal. This is consistent with no more
ventings of the FHC, after completion of installing the manual level probe in core
channel 50. Startup of the reactor was begun at 4:40 AM on July 13, and no additional
problems were encountered at that time with leaks in the shield plug. The FHC was not
used again until July 15, when the operators removed the manual level probe from core
channel 50 and replaced the repaired standard level probe back into channel 7. This

coincides with the second occurrence of stack activity increasing intermittently.

At 9:00 AM on July 14, the high bay activity rose again. This time the problem was
traced to core channels 29 and 50. These two channels were repaired by placing seal
rings at the top shield, and by taping over locations where leaks were detected.
Radioactivity returned to normal by 2:00 PM on the 14",

The high bay activity continuous air monitors increase was measured at 3x107 pC/cc
after 15 minutes decay and 4.5x10® pCi/cc after 90 minutes decay. Rt 3?3, The decay
of the measurement indicates extremely short-lived radioisotopes, and is indicative of off-
gassing from the filter paper. The fact that activity levels returned to normal indicates the
presence of noble gas activity. The presence of “chemically reactive” isotopes, such as
cesium or iodine, would cause activity levels to continuously increase, and the high bay
area to become contaminated as plateout of radioactive isotopes occurred. No such

contamination occurred.
4.2.2. Reactivity Excursion

The SRE had been demonstrated to be a very stable reactor in all operational tests.

However, on July 13, the reactor began behaving erratically and fluctuating in power
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without the operators intentionally increasing power. To understand this event, it is
necessary to understand the physical significance of certain terms as they apply to reactor

physics.

When a reactor is in steady-state operation, at any power level, the neutron population
remains the same. There are just enough neutrons being absorbed by the U** atoms to
cause exactly one more fission by each neutron, thus making the reaction self-sustaining.
The number of neutrons, i.e., the neutron population, increases as the power level
increases. In order to increase power, the reactor needs more fission events to take place,
and the control rods, which absorb neutrons, are withdrawn from the core. This is also
called increasing “reactivity”, or insertion of “positive reactivity”. Likewise, a decrease
of power requires that the neutron population decrease and the rods go into the core to
reduce the number of neutrons. This is called “negative reactivity”. The neutron
population is not changing when the reactor is at steady state, although neutrons are being
absorbed and new fissions are taking place to replenish the neutrons that have been

absorbed or lost from the reactor.

When a reactor is at steady state, and positive reactivity occurs, the neutron population
will increase. The rate at which the population increases is measured by what is called
the “reactor period”, which is defined as the time required for the neutron population to
increase by a factor of 2.71828. This value is a number that defines the relationship of
exponential behavior of events that occur in nature, and has the universal symbol “e”.
Reactivity and reactor period are inversely proportional, that is, an increase in reactivity
causes the reactor period to decrease. A reactor in which the power is not changing has

zero reactivity, and the reactor period is said to be “infinite”.

On July 13, at 5:28 PM, the reactor was at 1.2 MW power, and the operators began an
increase in reactor power to interface to the turbine to produce electricity. The power
level began to increase faster than expected. The control rods were inserted slightly to
hold back the increase. At 6:07 PM, a negative period (decrease in power) of about 45
seconds was reéorded, and the reactor lost power to about 2.4 MW in 3 minutes. Control
rods were withdrawn to bring the power back to 4.2 MW, and the power rose to around 3

MW by 6:21 PM. At this time, the reactor power began to rise more rapidly, even though
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the control rods were being inserted. An event inside the reactor was causing a series of
positive reactivity insertions. Around 6:24-6:25 PM, a positive transient with a period of

7.5 seconds caused the operators to manually scram the reactor. [Ref-2ppTi-11]

An investigation of the power excursion was conducted after Run 14 was terminated.
The conclusion reached as to the reason for the excursion was that partial plugging of the
flow channels in several fuel assemblies caused boiling of the sodium in those channels.
The sodium boiling was caused by local overheating in the fuel channel due to partial

flow blockage.
One of the significant findings of the investigation was that:

“Calculations have been made which show that severe plugging in a fuel
channel can lead to quite high local temperatures in the fuel due to the
thermal insulation provided by the plug. It was found that at a reactor
power of 2 Mw the temperature of the hot spot on the surface of the fuel
rod that is insulated over 25% of its surface can be about 180 °F above the

local sodium temperature.” Ref- 2]

While it cannot be ruled out that some damage occurred to the fuel cladding or to the fuel
itself during the power excursion of July 13, the exit temperatures of the standard fuel
assemblies that were being recorded during this time period do not support temperatures
to cause significant fission product release from fuel. F*® %38 However, the 