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SUMMARY

The first of a series of AEC sponsored meetings with nuclear superheat
contractors was held in San Jose, California, on September 21-23, 1959.
These meetings are in the nature of technical seminars with particular
empahsis on engineering data that has been developed, current problems,
and proposed attacks on their solution. However, since this was the
first such meeting, some time was spent presenting contractor plans,
reactor and test facility designs, and schedules. The primary purpose
is to keep the AEC contractors abreast of the over-all Commission's
program and to encourage a free exchange of information. A summary
of the highlights follows:

1. General Electric Company - R. Pennington

The presentation involved a detail explanation of the Superheat
Advanced Demonstration Loop in the Vallecitos Boiling Water
Reactor, operational data obtained to date, and future experiments.

2. Combustion Engineering, Inc. - J. M. West

The presentation involved a description of the BONUS project and
design considerations for a 200 MWE integral boiling-superheat
reactor.

3. Allis-Chalmers Manufacturing Company - C. Graham

This presentation described the Pathfinder plant design and the
backup research and development program. This reactor is well
along in the design and development stage.

h. Argonne National Laboratory - J. M. Harrer

This presentation described in detail the EBWR superheat experiment
which is completely designed but has not yet run due to safeguards
considerations. ANL plans to run this experiment after the 100 MvV
modifications are completed (scheduled for September 1960),

The BORAX-V project which is currently being constructed was
described. This plant is scheduled to begin full power operation
vith a superheater core in July 1, 1961.
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MEETING ON AEC'S BOILING WATER REACTOR - NUCLEAR SUPERHEAT PROGRAM
HELD AT SAN JOSE, CALIFORNIA, ON SEPTEMBER 21, 22, & 23, 1959

INTRODUCTION

The meeting commenced with a statement by Mr. Nemzek summarizing the
Commission's superheat program and stating the objectives of this
meeting. The following points were discussed in his presentation.

The superheat program consists of the following major projects:

1. General Electric Company

General Research and Development Program

2. Combustion Engineering, Inc.

a. BONUS project
b. General Research and Development Program

3. Northern States Power Company

Pathfinder Project

4. Argonne National Laboratory

a. BORAX-v
b. In-Pile Loop Test in EBWR

The Commission's underlying objective of this program is to conduct
sufficient engineering and development work to determine the most
feasible and economical methods of producing nuclear superheated steam
from a boiling water reactor. The primary purpose of this meeting is
to keep all AEC contractors up to date on the over-all Commission's
program progress and to exchange information between contractors on a
current basis. It is not intended to hold this group meeting to serve
as an advisory group or planning group. Mr. Nemzek stated that
Mr. Claude Pursel, Chief, Boiling Water Reactors Branch, who chaired
the meeting, has the responsibility for the execution of the nuclear
superheat programs from Chicago Operations Office of the AEC.

GENERAL ELECTRIC'S PROGRAM

The General Electric program was initiated on June 30, 1959, and con-
sists of the following major work tasks:
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Task A - Conceptual Design Analysis and Program Evaluation

1. Conceptual Design Study
2. System Studies and Economic Evaluation
3. Development Program Evaluation

Task B - Fuel Development

1. Capsule Irradiation
2. In-Pile Loop Test
3. Performance Evaluation
h. Fabrication Methods

Task C - Materials Development

Task D - Experimental Physics Development

Task E - Coolant Chemistry and Radioactive Carry-over

1. Out-of-pile Loop Tests
2. In-pile Loop Tests
3. Defected Fuel Test in SADE Loop

Task F - Heat Transfer

1. Once-through Boiling Superheat Experiment
2. Superheated Steam Heat Transfer

Task G - Mechanical Development

1. Materials Compatibility
2. Steam Water Separation Test
3. Mechanical Seals Development
4. Experimental Stress Analyses

Task H - Superheat Advanced Demonstration Experiment (SADE)

Mr. Robert Pennington stated that the program is designed to investi-
gate in detail problems of technical feasibility in order to more
clearly determine the economic potential of nuclear superheat for
power plant application. The objectives of this program are:

1. To make preliminary findings to help establish proper timing and
emphasis for developing nuclear superheat in the over-all Civilian
Power Reactor Development Program.

2. Better define problem areas and establish requirements leading to
the establishment of nuclear superheat technology.
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The major emphasis of the program is on fuel performance and coolant
chemistry to be performed in the SADE loop in VBWR. General Electric
is primarily looking at low enrichment U02 fuel concepts because they
appear to have the most promise for economic power.

Task A - Conceptual Design Study

This task includes a conceptual design study on both integral and
separate nuclear superheat concepts to determine the most feasible and
economical methods of producing superheated steam from a boiling water
reactor.

Work started on the conceptual design of an integral superheat plant.
Preliminary design conditions selected to date are as follows:

Design power level
Design pressure
Design temperature
Thermal power superheat
Thermal power boiling water reactor
Boiling water reactor

Cycle A

Cycle B

Maximum heat flux
Maximum clad temperature
Maximum fuel temperature
Maximum superheat temperature
Maximum steam velocity
Reference cladding

200 MW (E)
1000 psig
9000F
143 MW (T)
h29 MW (T)

natural circulation,
external separation
forced circulation,
internal separation
350,000 BTU/hr-ft
1200 F
00 0F
1050 F
250 ft./sec.
type 301 SS, .028" thickness

These preliminary conditions are subject to change depending on eco-
nomic evaluations and results of test program. General Electric is
also evaluating the various plant steam cycles to determine the best
power plant application for nuclear superheat conditions.

Task B - Fuel Development

Capsule Irradiation: This work will provide initial screening of fuel
concepts to determine the most promising fuel types for high irradiation
exposure limitations. The first of a series of three tests to be per-
formed is outlined below:

Purpose - Determine effect of varying wall thickness for a structural
support.

Specimens - Annular elements - 304 SS swaged over U02 pellets.
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Test Conditions - Heat flux: 350,000 BTU/hr-ft 2

Maximum U02 temperature: 100
0 F

Specimen No. Clad Thickness Max. Surface Temp.
Mils (F)

1 .016 1200
2 .028 1200
3 .049 1200
4 .028 1300

These specimens are scheduled to be inserted in GETR in December
1959. The remaining two capsule tests have not yet been designed.

In-pile Loop Test: Irradiation tests for the following full size
(3') fuel configurations will be performed in SADE loop during the
two and one-half year research and development program:

Bayonet type element - 2 past
Rod type element - internal moderator
Combination boiling-superheating element

This program consists of irradiating 18 fuel elements and is divided
into two phases:

Phase I - May 1, 1959, to December 1, 1959
Fuels to be tested:

1. SH-1 Fuel Concept - The SH-1 fuel concept is a 3/L" ID x 1-1/4"
OD x 36" annular fuel element. The fuel element cladding is
type 347 with ,049" thickness on OD and .035" thickness on ID.
The fuel material is 2.3% enriched sintered U0 2 pellets. The
SH-1 fuel assembly was installed in the SADE loop, VBWR on
July 31, 1959. Operation of this fuel element has been satis-
factory with no evidence of any fuel defect.

2. SH-2 Fuel Concept - The SH-2 fuel assembly is identical to the
SH-l fuel assembly except that a bellows was installed to
accommodate differential thermal expansion between the inside
and outside fuel element cladding. The SH-2 fuel element
operated in SADE between May 1, 1959, and June 30, 1959. The
maximum superheat temperature obtained was 825F. During
operation of this fuel element, SADE loop activity and fission
products were observed. This activity did not prevent VBR
operation although under some modes of operation spikes in
stack activity caused reactor scrams. These spikes of activity
were caused by purging hold-up volumes in the SADE loop. Pro-
vision to provide continuous purging eliminated these spikes in
activity. RML investigations were made which determined that
the fuel defect was located in the bellows assembly. Pre and
post-irradiation dimensional checks indicated very little
warping or distortion of the fuel element.
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3. SH-3 Fuel Concept - The SH-3 fuel concept is a 1-1/4" x 3/h" x
36" annular fuel element with .028" stainless cladding. This
fuel assembly design is similar to the SH-2 fuel assembly with
a bellows but with a thin cladding. Because of the quality
control problem with commercial bellows, the SH-3 fuel assembly
will not be fabricated.

h. SH-4 Fuel Concept - The SH-4 fuel concept design is now in
progress. This fuel element will be similar to the non-bellows
SH-1 fuel assembly except that it will have thin clad (.028" type

30h stainless steel on OD and ID and will also be provided with
a thermal insulation (30 mils) between the steam passage and the
process tube.

The thin cladding utilized on this fuel concept will require
some support from the fuel to prevent elastic instability and
buckling. Autoclave pressure tests are being conducted on
simulated fuel pellets of similar geometry to establish an
empirical relationship between cladding thickness, external
pressure loading and various degrees of internal support.

Out-of-pile heat transfer tests have been conducted on a
simulated fuel element of similar geometry to SH-h. These tests
are required to determine the ability of an insulated fuel
element to dissipate its decay heat by direct thermal radia-
tion to the moderator water. These results will be used as
part of safety analysis and also to interpret heat transfer
results during operation of SH-4 in SADE.

5. SH-5 Fuel Concept - The SH-5 fuel element is identical to
non-bellows SH-1 fuel element. This fuel element will be
fabricated as a back-up for SH-h in the event that difficulty
is encountered in satisfactory operation of the thin cladding
on SH-h.

6. (CBSH-1) Fuel Concept - The combination-boiling-superheat
fuel element is a 0.995" x 0.625" annular, natural enrichment
sintered U0 2 fuel element. The fuel element is clad with
.060" thick stainless steel on the outside and .035" thick
on the inside. The purpose of the test is to provide an
initial evaluation of the feasibility of a single fuel element
with backing in the inside and superheat on the outside.

7. SH-6 Fuel Concept - The SH-6 fuel concept is an annular fuel
element with a thick fuel annulus. The dimensions of the fuel
annulus will be optimized between heat transfer and centerline
temperature limits. The thickness of the cladding and the
type of insulation lines will be based on satisfactory results
from prior testing. The purpose of the test is to give a
preliminary indication of operating limits for a fuel element
approaching economic optimization.
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Phase II - March 1, 1960, to December 1, 1961
Fuel element design not yet finalized.

Performance Evaluation: This task involves an evaluation of fuel per-
formance characteristics such as burnup limitations, cladding integ-
rity, cladding surface temperature limitations, and mechanical design
characteristics.

Out-of-pile test plans are:

1. Clad tubing pressure collapse test

a.
b.
c.
d.

Empty tubing
Simulated solid fuel
Simulated cracked fuel
Simulated granular fuel

2. Fuel pellet behavior

a.
b.

Ratcheting
Effects of

Specimens design -
thickness.

thermal gradients

304 SS tube, 1.25 0.D., 18" long, 0.028 mils wall

Diametrical
Test # Specimen Gap-mils (cold)

1
2
3
4
5
6
7

8

A**

A**

A**

B***
B***

B.**

.00)4

.008

.012

.012

.004

Maximum
Pressure*

690
690
700

1000
1000
1000
2000

2000

Remarks

Collapsed
Collapsed
Collapsed
No deformation
No deformation
No deformation
One large wrinkle
full length
Several small
wrinkles

*Conditions - saturated steam temperature
**Empty tube

***Varying diameter support (support is a solid cylinder of metal)

The first superheater element (SH-2) tested in the SADE loop is currently
being examined. The following preliminary results were obtained to
date:

Dimensional Survey

Deflection of 0.016"' over 43" length
No ovality
No ridges

Bow:
Outside Tube Clad:
Inside Tube Clad:
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Surfaces: Dark brown film along full length of element (looks like
Fe2 03)
Reddish film on bellows

Gamma Scan: Maximum gammas at 1/3 length of element

Future investigations will include:

1. Non-destructive examination

2. Destructive testing

a. Cross section element at ZRO 2 spacer and at the bellows and
photographed sections.

b. Tube fuel element cross section and photograph these sections.
c. Metallographic examination

(1) fuel cracking and location
(2) fuel strength
(3) clad structure

(h) attempt to preserve and measure film corrosion

Fabrication Methods: This task involves fabrication of oxide fuel
pellets in hollow cylinders by various techniques such as extrusion,
hot and cold pressing and the development of methods of applying
thin cladding to various fuel shapes including development of end
closures.

Superheat elements 1 and 2 for the SADE loop have been fabricated
to date. General Electric found that they were able to hand fabricate
the U02 cylinders with little difficulty. Conventional fabrication
techniques were used on the pressed and sintered U0 2 tubular fuel
pellets. Production tolerance was held to mils by limiting
particle size to the 1 micron range. Final certerless grinding of
the outside diameter reduced the tolerance to lmil.. The fuel
cladding was not swaged and the element fabricated by merely filling
up the outside tube, then inserting the tube and welding the neces-
sary end fittings to make up the desired test assembly. General
Electric has been able to fabricate tubular fuel pellets as small

as O.500 in. 0D--0.250 in. ID with reasonable success.

Task C - Materials Development

This task involves an investigation of 30h and 316 stainless steel
specimens to determine effects of high level radiation on corrosion
rates and mechanical properties such as creep, fatigue strength,
and stress rupture strength.

This program is scheduled to begin in December 1960.

Task D - Experimental Physics Development

This task includes an investigation of the nuclear characteristics
of the superheat fuel lattice selected for the conceptual



design study. Specifically, it is planned to measure the flooding
coefficient, conversion ratios, resonance escape probabilities,
thermal utilization, neutron leakage, enrichment requirements, con-
trol requirements, power distribution, etc., with several values
of moderator to fuel ratio. Tentative plans are to begin the experi-
mental program in January 1960.

This experiment hill be run using the central region of the Dresden
critical facility for the superheat fuel lattice.

Task E - Coolant Chemistry and Radioactive Carry-over

Out-of-pile Test: This task involves the investigation of corrosion
rates and corrosion product transfer of 3014 and 316 stainless steel
under dynamics superheated steam conditions. This program is sched-
uled to start in February 1960.

In-pile Loop Test (SADE): The main objective of this task is to
determine the expected radiation levels from an operating direct
cycle superheat plant. A secondary objective is to determine
radiolytic decomposition of H2 and 02, corrosion rates, activity
carry-over, and crud deposition in a superheated steam reactor.

Results to Date - Water Decomposition:

In general, steam sample measurements taken before and after the SH-1
and SH-2 elements in SADE have indicated no relative change in
amounts of radiolytic decomposition of H2 and 02 gases. The average
quantity of 02, H2 passing through the SADE loop is about 30 cc/kg
steam. The volumetric analysis ratio was approximately 20 cc H2 and
10 cc 02. On several occasions, the quantity of 02H2 passing through
the SADE loop has increased to about 60 cc/kg at the inlet and 55-56
cc/kg at the outlet. The cause for this increase in gas dissociation

rate is unknown. The reason for the difference in gas quantity from
60 to 55 cc/kg steam from inlet to outlet conditions is believed to
be due to measuring error although the possibility of recombination
is being considered.

The activity in the gas remained the same, in and out of the superheat
element, substantiating the volumetric ratio stability. Unfortu-

nately the dissolved activity in the steam was never measured
although it was felt that this may be the most important criteria.

Steam Activity Analysis:

Steam samples were obtained during SADE operation with the SH-1 fuel
element. These samples were analyzed for noble gas activity present.
During initial operation, the amount of comparative isotopes in the
main steam line and SADE loop were essentially the same. After a loss
of A.C. power accident on May 8, 1959, bursts of activity from SADE



were noted. The source of activity was unknown at that time because
purposely defected elements were being run in the boiler core. After
the transient, the gas activity from the SADE was compared with the
condenser activity and main steam line activity and was found to be
higher by a factor of 5 and 40 to 900 respectively. This indicated
that the SH-1 element was defective. This was confirmed by removing
the SH-1 element and placing it in a can in the reactor pool and
following the iodine 1-131 build-up. The release of activity from the
SH-2 element after the element was known to be defective was probably
several hundred microcuries per second. The pattern of activity was
not that of recoils nor normal diffusion but was more of an equilib-
rium activity release. The pattern of release was significantly
different than that measured by Bob Robertson on the EBWR and that
measured by GE in fuel defect tests. Future tests will be performed
in an attempt to resolve this discrepancy.

Corrosion Coupons in SADE:

Several corrosion specimens of 304 and 316 stainless steel were
installed in the SADE loop to determine the over-all extent of deposi-
tion and corrosion or erosion on the specimens. These specimens were
examined after being in the SADE loop during the duration of the SH-1
fuel element test. Visual examination indicated a blue tempered color
on the samples but no apparent corrosion film was formed. The

activity level on the samples was about 2 mr/hr. Though the activity
level was small, large amounts of iodine 131 activity were detected.
Normally in a boiling water reactor very little iodine is carried
over with the steam. In this case, there was significantly more
iodine carried over in the steam than would be expected. Conse-
quently, it looks as though a different pattern of corrosion product
activity can be expected in a superheated steam environment. General
Electric plans to follow this up more closely by channeling the super-
heated steam directly to the de-superheater where the fission product
carry-over could be more readily analyzed and also to simulate
activity plating out on the turbine blade.

These samples were reinstalled in the SADE loop with SH-2 in an attempt
to accumulate more data on expected normal background activity.

Task F - Heat Transfer

Once-through Boiling Experiment: This task involves an investigation
of the discontinuity in heat transfer coefficient from bulk boiling to
film boiling. This experiment is scheduled to begin in February 1960.

Superheat Steam Heat Transfer Test: This task involves experimental
evaluations to determine convective heat transfer coefficients, limits
of radiant heat transfer for startup and decgy heat removal, and investi-
gations of gas flow stability in parallel channels as a function of
power input.



- 10 -

Results to Date - Radiant Heat Transfer Experiments:

An experiment was performed to determine the self-cooling features of
the SH-1 element (uninsulated process tube) on a simulated electri-
cally heated tube. Briefly, the results indicate that in the event of
a loss of coolant accident, the fuel surface temperature would not
exceed 1!000 F. Heat losses to the water are from 16-20% of the power
generated. The emissivity factor, E, for an oxide coated surface was
found to be approximately 0.7 to 0.8 instead of the usual textbook
quoted values of 0.2 - 0.3. The GEAP-3211 report describes this test
in detail.

A second experiment similar to the one mentioned above has currently
been completed with a double wall (30 mil gap heat barrier) process
tube. At simulated reactor temperature, about 6% of the power
generated is transferred to the water coolant. It was found that it
made very ittle difference if the gap was a vacuum or gas filled.
A set of T radiation curves of heat flux versus surface temperature
for these two experiments is given in Figure 1. In reply to a request,
Mr. Robert Pennington stated that these curves will be made available
shortly.

Task G - Mechanical Development

Material Compatibility: Evaluate fretting, corrosion, wear, and suit-
ability of control rod specimens and other rubbing surfaces.

Steam Separation Test: This task involves experimental verification
of the following four steam separation types: (1) steam dryer,
(2) open end-two arc steam separators, (3) upflow steam separators,
and (h) tangential entry steam separators. The steam separation
experiments will be run in a 1000 psi loop which has a steam capacity
of 50,000 lbs./hr.

Mechanical Seals: Mechanical seals for removable joints which restrict
leakage between water and steam will be evaluated.

Experimental Stress Analysis: Evaluate critical stress areas such as
large tube sheets and nozzles in a high temperature environment to
determine associate stresses.

Task H - Superheated Advanced Demonstration Experiment

The SADE loop located in VBWR will be used to evaluate superheater fuel
element performance and operating characteristics such as decay heat
removal load changing and power characteristics.

SH-2 Operating Performance:

The SADE loop has completed operation on the first superheater fuel
element (SH-2). The SADE loop and SH-2 fuel element design are
described in GEAP-3211, Class 1 Report which was passed out at the
meeting. Therefore, these designs will not be described here.
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This fuel element operated at various VBWR power levels up to 28 MW,
from May 1, 1959, to June 30, 1959. The maximum steam temperature
obtained during this period was 825*F. Integrated burnup was about
168 MWD/T.

On May 8, 1959, the VBWR scrammed due to a complete loss of AC power.
The independent gasoline powered auxiliary air cooling compressor
failed when the loop shifted from steam to air cooled operation.
Temperature measurements could not be taken during the transient
since all AC power was lost. The calculated maximum cladding surface
power temperature was estimated at 1500 F on the inner clad metal.
Radiant cooling to the single wall process tube was the only mecha-
nism for heat removal. Prior to the scram, the reactor was operating
at 25 MW. Subsequent to the accident, loop activity was observed;
however, the steady state activity levels in the VBWR stack monitor
were well below maximum allowable level and were comparable to stack
activity observed previously when purposely defected fuel was placed
in the boiler core. The loop resumed operation for six additional
weeks with indications of moderate activity release associated with
the element. The element was removed for inspection on June 30, 1959,
after there was definite indications of a clad defect. Post-irradia-
tion examination indicated a defect in the fuel bellows. Visual
inspection of the element showed that it did not overheat during the
double casualty accident described above.

SH-l Operating Performance:

The SH-1 fuel element began operation on July 31, 1959. The objectives
of the SH-1 run are:

1. Continue performance evaluation and accumulate statistical data
on SADE loop activity.

2. Determine fuel performance with clad differential expansion
accommodated by adjusting heat transfer characteristics to pro-
vide minimum differences in average temperature of first and
second pass cladding.

Steam activity samples after the SH-1 element indicate no unusual
activity levels; therefore, it is concluded that this element is sound.
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COMBUSTION ENGINEERING PROGRAM

The Combustion Engineering superheat program was initiated on June 30, 1959,
and is divided into the following two categories:

General Research and Development Program on 200 MV(E) Plant

1. Reference Design Study
2. Nuclear Physics
3. Steam-Water Separation
14. Final Design Study

BONUS Research and Development Program

1. Structural Restraint of Fuel-Elements
2. Heat Transfer Tests Simulating Loss of Coolant
3. Insulation and Seal Connection Development
4. Control Development

General Research and Development Program on 200 MW(E) Plant

Reference Design Study: As part of this task, a review of the super-
heater concepts described in the literature has been made. The following
concepts were briefly discussed by Mr. J. M. West:

1. Interim Feasibility Report, Nuclear Superheater for a Controlled
Recirculation Boiling Reactor, Allis-Chalmers Manufacturing Company,
ACNP-5808, May 9, 1958.

2. A Preliminary Study of Superheating Boiling Reactors, M. Treshow,
Nuclear Science and Engineering, 1, pp 167-173 (1956).

3. Steam-Cooled Reactor Feasibility Study, Steam Water Reactor (SWR),
Nuclear Development Corporation of America, NDA-2562, August 15, 1958.

4. Uranium-Graphite Reactor with Superheated High Pressure Steam,
A/CONF.15/P/2139, (USSR), August 12, 1958, W. A. Dolezhal, et al.

5. Boiler-Superheater Reactor, Nucleonics, Vol. 17, No. 2, February 1959,
T. P. Heckman.

6. BONUS Project.

A very tentative concept for a 200 MW(E) boiling-superheating plant was
described. This concept has a core about 11 ft. in diameter and 10 ft.
high. There is a good chance that this diameter can be reduced substan-
tially. A central region operates as a forced circulation boiling reactor
to produce saturated steam at 1320 psig. An annular region surrounding
the boiling zone raises the temperature of the steam to 1050 F. The
steam pressure is reduced to 1200 psig in traversing the eight series
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cooling passes of the superheater region. Fuel in the boiler region
consists of slightly enriched cylindrical U0 2 pellets clad in ZR-2.
Fuel for the superheater region consists of annular slightly enriched
U0 2 elements clad in stainless steel and insulated from the surrounding
water moderator by means of a stagnant steam layer between two concentric
stainless tubes.

Each fuel assembly in the superheater zone consists of 20 fuel elements.
A plenum box at the top of the assembly guides steam downward through
ten of these elements. A plenum at the bottom of the assembly receives
the steam from the first (downward) pass and directs it upward through
the remaining ten elements (second pass) of the assembly. The exhaust
steam then flows through a connector to an adjacent assembly where it
makes two more passes, then to a third and finally a fourth assembly,

to complete the total of eight steam passes. The superheater passes

are arranged such that the last passes are in lower flux regions so that

heat fluxes are low in those elements which are cooled by steam having
the highest ambient temperature.

The merits of fixed "plenum" versus "integral" fuel elements were
compared. Integral elements are preferred in the BONUS design and a
different version of the integral type is shown tentatively in the
reference design of the 200 MW(E) reactor because of the greater reli-
ability and accessibility of the seals relative to plenum seals.
Consideration will be given to future adoption of plenum designs if
research and development work on underwater seals gives satisfactory
results.

The superheater elements are located at the outside of the core rather
than in a more central location in the reference 200 MW(E) reactor
because:

1. Steam, like other gases, is fundamentally a poor heat transfer
medium relative to boiling water. It is, therefore, advantageous

to utilize steam cooling in the outer part of the core where the
power density is lowest.

2. All materials which can withstand the high temperature steam
environment have high neutron cross sections. This poisonous
material has a less adverse effect on neutron economy if placed
in the peripheral region of the core.

3. The reactivity effects of flooding the superheater elements with
water, or alternatively of removing water from these elements
during reactor startup, are smaller and, therefore, less hazardous
when the elements are near the oustide of the core.

Slightly enriched U0 2 was selected as the fuel material for the super-
heater zone because of concern over blistering of fuel elements containing
highly enriched U02 in a metallic matrix when these elements are exposed

at high temperature to the burnups necessary for acceptable fuel cycle
costs.
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Although the temporary reference design (see Figures I-5, I-6, and 1-7)
shown in slides at the meeting used fuel elements of the single-annular
U0 2 type, results of studies of a double-annular type were mentioned
which indicated considerable promise, The double-annular type would be
cooled by boiling water on its outside surface and by high velocity
steam on its three inside surfaces. This element has a good chance of
being acceptable from the standpoint of preserving approximately the
same power split between boiling and superheating in spite of over-all
changes in reactor power level. It also uses a minimum of stainless
steel and can operate at a rather high specific power, Fabrication and
stress problems will require careful appraisal.

In conjunction with the reference design study, consideration is also
being given to the following other types of superheater fuel elements:

1, Tubular U02 elements cooled on the outside by boiling water and on
the inside by high velocity steam.

2, Same as (1) above but has insulation between the oxide and boiling
water to get more heat transfer to the steam.

3. A solid rod element employing an annulus of superheated steam and
a second concentric annulus of insulation.

1. An annular oxide element wherein superheated steam flows both inside
and outside the fuel, surrounded by a concentric shell of insulation.

Slides were shown on some of the prinicpal features of the BONUS reactor
and a discussion was given of why particular design alternatives were
chosen for this reactor. A novel reactor containment building was shown
in which the BONUS reactor and its entire power plant are housed in a
single low pressure gastight hemispherical steel shell 190 ft, in
diameter, This geodesic dome type of structure has been used for a
number of new buildings lately, including a 380 ft. diameter Union
Tank Car factory in Baton Rouge, Louisiana, and for the U. S. exhibit
in Moscow, It is considered to be more convenient and less hazardous
than the more usual arrangement wherein the reactor is housed in a small
high pressure steel building while the power equipment is in a separate
building nearby, Accurate costs are not yet known, but there is a good
chance that this type of construction for nuclear power plants will
also be more economical. The cost of the 380 ft. diameter geodesic
dome in Baton Rouge is reported to be only about 10 per cubic foot of
enclosed volume.

Nuclear Physics: The physics program is geared to verify and establish
feasibility of various design parameters selected for investigation as
predicated by the reference design study. The core configurations to be
investigated are peripheral superheat region and central superheat
region. A large portion of the program will be with simple geometries
of one dimensional plates in order to simplify the computing effort
in analyzing the experiments. A number of semi-mockups will be run to
include the effects of control rods and water channels, Among the
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variables to be studied are the lattice spacing and geometry of the
superheater region. Measurements will be made on void coefficients;
the effects of flooding the superheater region; power distribution;
reaction ratios which are related to thermal utilization, resonance
escape probability, fast effect factor, and conversion ratio; and
temperature coefficients up to 1800 F. Aluminum clad elements with
about 2% UQ2 pellets will be used in the boiling region and the super-
heat fuel will contain 3-4% enriched U02 clad with stainless steel
in the form of rods or tubes. The results from this experiment will
be correlated with existing theories (Hellstrand's work on resonance
escape probability, and G ANP work on neutron streaming, etc.) in
order to assess their applicability and to indicate areas where addi-
tional effort is needed. The experimental physics program is scheduled
to begin in April 1960.

Steam Water Separation: A review of existing information on steam
separating equipment indicates that devices presently being used by
the utility industry although compact and capable of delivery of
acceptably pure steam to the superheating region do not operate under
conditions of high liquid capacity. For 1000 o 1500 psi operation,
vapor release rates of 5000 to 8000 lbs./hr-ft have been used at
exit steam volume fractions of 0.75 to 0.80. For a 200 MWE nuclear
superheat reactor operation in the same pressure range, release rates
of 16,000 to 23,000 lbs./hr-ft2 are required. This compared to exit
steam volume fraction of 0.30 to 0.40.

While consideration is being given to operating pilot scale tests
using freon and air-water mockups, direct steam water testing at
near actual condition appears most profitable. Tests on increasing
turbo separator capacity will be performed first. If these modifi-
cations fall short of goals, two stage separation devices such as
curved plate separators surmounted by turbo separators will be
investigated.

A two part test and development program to determine actual steam
purity requirements for a nuclear superheating reactor and a steam
separator design to deliver steam of a purity indicated in the steam
purity requirement is being established. Steam separator test will
commence early in 1960.

Final Design Study: This task involves a final design study utilizing
the information developed in the over-all Commission's superheat program.

General BONUS Plant Design

The general design features of the BONUS project were discussed. Briefly,
the reactor design consists of central boiling zone which operates at a
thermal power of 37.5 MW and surrounding superheater zone operating at

a thermal power of 12.5 MW. Saturated steam generated in the boiling
zone at 900 psig and 534*F will be heated in the superheater assemblies
(four pass) to 9000F and delivered to the turbine generator at 850 psig.
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Boiling zone fuel elements will be slightly enriched U02 canned in
ZR-2 and bonded with He. Superheater elements will be slightly
enriched U02 rods canned in 304 or 316 stainless steel.

As the BONUS design progressed, several major design changes were
made to the superheater fuel element and assembly. The basic assembly
was changed from a seven fuel rod and flow guide tube cluster within
a circular assembly tube to a single fuel rod contained in a double
wall assembly tube. This change results in improved decay heat
removal upon loss of steam flow. The other change is the abandonment
of the fixed plenum concept having four built-in flow circuits in
which the individual fuel clusters were inserted and sealed. The
plenum concept would involve handling of a very large number of
individual fuel rods which could be difficult under 15 ft. of water.
Also, there is some uncertainty of maintaining the leak tightness
and structural rigidity of the thin wall tubular elements over an
extended time period. Removable fuel assemblies with the four pass
flow circuit built into each individual assembly structure has been
adopted instead. A pipe from each assembly extends to the upper part
of the pressure vessel where it collects saturated steam. A removable
leaktight connector joins the outlet pipe of each assembly to the
superheater steam exhaust manifold.

BONUS Research and Development Program

Structural Restraint of Fuel Elements: This task involves an investi-
gation to evaluate the structural integrity of the BONUS superheater
fuel element and assembly. Present plans under way feature the following:

1. Flow induced vibration test to determine the wear and relaxation
characteristics of a single fuel rod and test holder and a full
scale fuel assembly under simulated reactor conditions (900-
l050OF.)

2. A full scale, one pass assembly of eight concentric tubes welded
to the respective tube sheets will be evaluated to establish
assembly and welding techniques and determine how well specified
tolerances can be maintained.

The above tests are scheduled to begin on January 1, 1960.

Heat Transfer Tests Simulating Loss of Coolant: This task involves the
ollowing:

1. Investigate the heat fluxes and temperature differentials that
result in static steam filled fuel element mockups immersed in
water and dissipating the generated heat by radiation and conduc-
tion to the surrounding water. These experiments will be conducted
at simulated reactor conditions.
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2. Determine the thermal, mechanical and pressure effects of flooding
a mockup superheater element with water at simulated decay heat
conditions.

These tests are scheduled to begin in January 1960.

Insulation and Seal Connector Development: Metal-to-metal and gasket.
type seals that appear mechanically feasible and adaptable to remote
handling will be evaluated. Testing of various connectors will be
done in both steam and water environments. Static steam effective-
ness as an insulating medium will be investigated.

This test program is scheduled to begin in December 1959.

Control Development: Tape driven (with drives mounted on radial bio-
logical shield) control rods and radial fuel movement control will
be mocked up and tested out-of-pile starting in January 1960.
Cobenium is currently being considered for the tape material.
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ALLIS-CHALMERS PROGRAM

GENERAL PATHFINDER PLANT DESIGN

The Pathfinder Plant (Figures 1 and 2 ) features a centrally located
nuclear superheater surrounded by a boiling water core region. The exit

steam conditions from the superheater (one pass) are 510 psi and 825 F.
Controlled forced recirculation will be used in the boiler region and steam

at 600 psi and h890 F will be produced. The total plant heat output will
be about 203,000 KW with the turbine generator producing 62,000 net KWE.
The boiler region is designed for a power capability of approximately

16L,000 KW and the superheater region is designed to produce 39 MW.
The reactor is scheduled to go critical July 1, 1962; the

plant is scheduled for full power operation later that year.

The turbine-generator and other conventional type machinery will be
located in a conventional type building. The reactor, shielding, pumps,
emergency coolers, and associated equipment will be located in a contain-
ment shell, a steel structure 50' diameter and. 120' high. Steam and water
lines which penetrate the shell will be isolated from the rest of the plant
by valves which close automatically if an accident occurs. Operators
will have access to the equipment within the containment shell during
normal operation.

Mr. C. Graham stated that the main reasons for selecting the reference
Pathfinder superheater design are twofold: (1) a theoretical analysis
indicates that the reactivity addition due to flooding is low enough

to permit safe operation, and (2) mechanical design features of the
centrally located superheater are less complex than a peripheral superheat

arrangement which was given considerable attention in the early stage
of design.

REACTOR CORE DESIGN

The superheater region (Figure 3 ) approximates a right circular cylinder
6' high and 30" in diameter. The boiler region located around the super-
heater has an annular section 21" thick resulting in total active core
dimensions of about 6' diameter and 6' high. The average power density
in the superneater and boiler regions is about 46 KW/liter core.

BOILER REGION

The boiler region fuel element (Figure 4 ) design consists of 1.8% enriched
U02 pellets mechanically bonded to aluminum X-8001. There will be 96 box

shape boiler elements 5" square and 6' long in the core. They will contain
.42" diameter fuel tubes assembled in bundles about 18" long. Four
bundles will be stacked end to end to make up the fuel assembly. The fuel
bundles will contain varying amounts of fuel (ranging from 81 pins on the
bottom to 49 pins at the top) in an effort to optimize the axial power
distribution of the reactor. The average power density in the boiler core
is about 96 KW/liter of coolant.
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SUPaRIATER REGION

The superheater will be steam cooled and water moderated. It will consist

of 1i28 fuel elements. The fuel elements for the initial core loading will
consist of 93% enriched UO 2 -SS cermet, clad with type 316L stainless
steel. The superheater elements (Figure 5 ) will be composed of two
concentric fuel tubes and a central burnable boron poison rod (gadolinium
oxide is currently being considered) with a spiral wire spacer. The fuel
element will be placed in a double wall stainless steel tube which contains
a stagnant steam layer between the walls. Approximately 1.7% of the heat
generated in the superheater fuel will be transferred to the water moder-
ator.

The high enrichment cermet elements were chosen for the first core loading
because they require little development work. Mr. C. Graham estimated that
the superheater core life is from three to six months for the high enrich-
ment fuel. Low enrichment fuels are being considered for subsequent core
loadings.

REACTOR PHYSICS

The basic physics design features which are incorporated into the Pathfinder
reactor are listed below:

1. For the initial core loading, burnable poison rods will be located in
the superheater region to provide a constant power split between the
two core regions over the core life. Four control rods in the super-
heater region will be used for relative power adjustments. Analysis
has indicated that the reference core design will provide adequate
power over the core life of one-half year for the superheater elements
and one and one-quarter years for the boiler elements. By use of the
burnable poison and control rods, the superheater power fraction can
be held quite well to regulate the exit steam temperature to within

25 F over the core life.

2. The flooding coefficient of reactivity for the reference design is
positive (/ 1/2% Delta K/K) at the start of the fuel cycle and becomes
negative (-1/2% Delta K/K) at the end of the fuel cycle. It was noted
that Allis-Chalmers' analytical method used for determining the
flooding coefficients was verified by experiments performed in the
Penn State Research Reactor. The flooding coefficient is dependent
upon the degree of moderation in the superheater. The reactivity
change results from the decrease in neutron leakage (both from the

superheater core and boiler core through the superheater), the decrease

of thermal utilization and the softening of the thermal spectrum. As
is indicated, this coefficient is complicated by the fact that it
becomes more negative with burnup. At the beginning of the fuel cycle,
the hydrogen to U-235 ratio is 150 to 1.

3. The reference boiler and superheater core regions have a ht spot
factor of 2.8 and 3.3, respectively. These relatively low hot spot
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factors are obtained principally by virtue of the centrally located
superheater which flattens the over-all flux distribution (Figure 6. )
and by varying the axial fuel loading in the boiler region. The maximum
to average radial and axial power distributions (Figures 7. and 8. )
are 1.19 and 1.37, respectively.

14. Allis-Chalmers plans to operate the Pathfinder Plant initially with
high enrichment superheater elements and then eventually switch over
to low enrichment superheater fuel elements. To make this switch,
the flooding coefficient and power distribution must be compatible in
both systems. Analysis has indicated that the thermal utilization,
neutron leakage, and energy spectrum for the highly enriched elements
will be compatible with the thermal utilization, neutron leakage,
energy spectrum, and resonance escape probability for the low enrich-
ment element so that the flooding coefficient and power distribution
for both of tnese cases will be similar.

RESEARCH AND DEVELOPMENT

Steam Separation

This program involves an evaluation of gravity steam separation and demister
type separators for the Pathfinder Plant. Several steam gravity separation
tests were run in a 1" diameter pipe containing a stagnant pool of water
in which steam entered at the bottom of the pool and exited at the top.
The test conditions range from 300 to 600 psi with steam leaving velocity
up to 1.4 ft./sec. The mean exit pool quality was held constant at 2}%
for these tests. Preliminary data indicate that at Pathfinder conditions
(600 psi, 40% exit voids, 1.4 ft./sec. steam velocity), the steam cary-
over into the superheater would contain less than 0.1% moisture. The
0.1% moisture carryover is expected to deposit 10 lbs. of solids per
year in superheater region. Visual observation (through glass port hole)
indicates that the steam-water interface is very sharp and that no frothing
was encountered. The test for the demister steam separators has not yet
begun.

Corrosion-Erosion of Stainless Steel Materials

A review of Allis-Chalmers power plant data on SS corrosion-erosion in
high pressure superheated steam environments was made. Extrapolation of
this data (500 to 1000 ft./sec.; no data available on 200 ft./sec. steam
velocity) to Pathfinder conditions indicates that the corrosion and erosion
rates of the superheater fuel elements will be about .01 and .05 mils/year,
respectively, for pure steam. This would amount to about three pounds of
material removed from the superheater fuel element surfaces per year.
Allis-Chalmers' data indicate that SS erosion is a much more serious
problem than corrosion in high velocity steam environments. Consequently,
it was felt that steam quality is predicated Ripon how much erosion can
be tolerated by the superheater fuel elements.
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Experimental Physics Program

The experimental physics program consists of mocking up a full scale Path-
finder core. The experimental program will consist of three phases:
(1) experimentation with a critical slab geometry of the boiler region,
(2) experimentation with critical geometry of superheater region, and
(3) experiments with a full core mockup. The following measurements per-
tinent to the superheater will be made: (1) flooding coefficients,
(2) power distribution including hot spot factors, (3) void coefficients,
(Li) temperature coefficients, (5) spectral effects, and (6) power ratio
between the boiler region and the superheater region. The above parameters
will be determined for a clean core and also simulated burnup conditions.
The experimental program is tentatively scheduled to begin in October 1959.

Heat Transfer Program

Expected performance characteristics of the superheater are as follows:

Maximum surface temperature of fuel cladding - 13500F
Maximum heat flux - 227,800 BTU/hr/ft2

Average heat flux - 79,600 BTU/hr/ft 2

Pressure drop through superheater - 55 psi
Inlet velocity - 109 ft./sec.
Exit velocity - 189 ft./sec.
Average steam outlet temperature - 825*F
Average heat transfer coefficient - 350 B/hr/ft 2 /FO

Allis-Chalmers is currently designing a superheater test section to be
coupled with their existing boiling heat transfer loop, Tests will be
performed to verify the above heat transfer parameters and in addition,
determine the maximum operating conditions for these elements. This test
program is scheduled to begin in the fall of 1960.

Allis-Chalmers has performed laboratory tests to determine the ability of
a superheater fuel element to dissipate heat at no flow conditions versus
fuel temperature for two values of moderator water temperature (see
Figure 9 ).

Development of Low Enrichment Superheater Fuel Elements

Allis-Chalmers has currently initiated a program to investigate various
types of low enrichment (about 3%) fuel element concepts (Figure 10 )
that can be used for future Pathfinder cores. This program consists of
the following tasks: (1) fabrication methods, (2) irradiation performance,
(3) vibration and flow performance, (Li) thermal cycling, and (5) decay
heat cooling performance, The currently preferred fuel concept is a tubu-
lar U02 fuel element clad on the inside and outside with 316 SS or 318 SS,
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ARGONNE NATIONAL LABORATORY PROGRAM

GENERAL

Mr. J. M. Harrer stated that ANL is interested in working on problems
of nuclear superheat. However, their main interest is on basic research
and development type work rather than on "big-type" construction pro-
jects. In this regard the EBWR and BORAX V superheat experiment was
designed to run at a maximum power density close to 93 and 66 KW/liter
of core. It is the intent of these experiments to investigate the
upper limits of steam coolant heat transfer, cladding strength,
control, and other upper parameters of steam cooled reactors.

ANL would like to know the capabilities and programs of the other
contractors to avoid duplication of work.

SUPERHEAT TEST IN EBWR

The purpose of this test is to demonstrate the practicability of super- 0
heating steam with one superheat fuel element in the EBWR core from 189 F
to approximately 9000F. This test was originally scheduled to be run
in the early part of 1959. However, the test was delayed because of
uncertainty with the emergency cooling system. This system has since
been redesigned and now ANL plans to run this test after the EBWR
100 MW modification is completed (scheduled for September 1960).
The EBWR is currently shutdown for the above modification.

Fuel Elements

The type of superheat element proposed is a two pass, zirconium-hydride
moderated, rod type element. The fuel in each rod is fully enriched
UO dispersed in type 30h stainless steel. The fuel element proper
hai 28 fuel rods in each of the two passes. Five moderating rods are
located at the center of the internal pass. This element was designed
on the premise that it generate as much power as a boiler element in
EBWR. The superheater fuel element characteristics are listed below:

Reactor power, MW (t)
Reactor pressure, psi
Inlet steam temperature, F
Superheat fuel element power, MW( t)
Exit steam temperature, F
Exit steam pressure, psi
Flow rate, lbs./hr.
Fuel element size, in.
Clad
Fuel; "meat"
Enrichment
Fuel rod dim., in.

140
600
1489
1.1
830
560
15,900
3-7/8 x 3-7/8
3014 SS
UO ; U0 2 in 3014 SS
fully
3/8 O.D. x 48 active length
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Pass I

Number of fuel rods
Fuel loading, g U-235
Flow area, in.
Eq. diameter, in.
Surface area, ft2

Heat per pass, BTU/hr..
Average heat flux, BTU/hr-ft 2

Average surface temperature, F
Maximum surface temperature, F
Average flow velocity, ft/sec.
Pressure drop, psi
Specific power, KW/K U-235
Power density, KW/1 element)
Moderator

Moderator dim., in.

28
1980
3.4
.23
11.2 6
2.-5 x 106
223,000
-*- 900
1,363
,.180
oe15

Clad

Pass II

28
1620
2.9
.22
11.2
1.29 x 106
115,000
/-Z940

1,306
--. 260

.,- 25

305
93
ZrH1 .5-2.0

4 - 3/8 O.D. x 48

1 - .850 x .850 x

304 SS

active
length
48
active
length

BORAX-V

General

The BORAX-V reactor will be constructed and operated as a modification
to the existing BORAX-IV facility at NRTS - Idaho. The primary objective
of BORAX-V is that of a research tool to investigate the feasibility of an
integnucla rsuperheat system. The secondary objective is to determine
the factors which limit stability of boiling water reactors at high
power density. Mr. M. Novick emphasized that BORAX-V is being designed
as a very flexible facility in which various types of fuel configura-
tions can be tested. The reactor is being designed on the premise
that a very minimum amount of pre-construction research and development
work is necessary to finalize design.

Schedule

Start construction
Construction complete
Reactor startup - boiling core
Start superheat test
Full power with superheat core

- November 1, 1959
- September 1, 1960
- October 1, 1960
- January 1, 1961
- July 1, 1961

This schedule is contingent upon the steel strike and the vendors ability
to deliver steel components.
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Plant Design Description

The reference reactor design will include provisions for a central and
peripheral superheat region which can operate with natural or forced
recirculation so that a direct comparison of the relative merits of the
superheat locations can be made together with the recirculation compari-
son. The reactor will also operate as a pure boiling water reactor with
forced and natural circulation in order to effect a direct comparison
of the recirculation performance.

The superheater core design is currently being centered around a two
pass system with steam (850 F) outlet at the top of the vessel shell.
The central and peripheral superheat cores will contain 12 and 16 fuel
assemblies, respectively. The total core power capacity will be 20 MW
(thermal) on a sustained basis and 40 MW (thermal) for short term (one
hour) operation. The superheat cores are designed to generate 17% of
the total power. 20 MW of steam generation will be dissipated in the
existing turbine-generator (steam throttled down from 600 to 350 psi)
and any steam generation beyond 20 MW will be vented directly to the
atmosphere. The boiling core will operate at 600 psi and 4890 F.

Initially, the superheat core was being designed as a single pass system

with the steam outlet at the bottom of the vessel. However, this was
modified when the design studies indicated that a single pass super-
heater system will not achieve the required temperature conditions
(12000F maximum fuel surface temperature and 850F average exit steam
temperature). The film temperature drop in the single and two pass
system is about 250 F (maximum steam velocity 100 ft/sec) and 125F
(steam velocity 200 ft/sec.) respectively.

BORAX-V Modification

The major existing equipment from BORAX-IV that will be reused for
BORAX-V is:

1. Make-up water system
2. Ion exchange purification system
3. Steam plant aid cooling tower
4. Air compressors
5. Condensate tank, filters, and ion exchangers
6. Reactor building concrete slab

New equipment to be procured for BORAX-V is:

1. Pressure vessel
2. 10,000 gpm - forced circulation pump
3. Feedwater pumps
h. Boron injection system
5. Process piping
6. Control building and console
7. Reactor building
8. EBWR control rod drives
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9. Preheat system
10. Underground steam piping and 125 F (maximum steam velocity 200

ft/sec.) for the two pass sytem.

Fuel Elements

Boiler fuel elements: The rod type boiler fuel elements consist of
three different enrichments (5, 10, and 20%) of U0 2 pellets clad with
304 SS. The fuel loading per assembly can be varied from 0 to 100 rods.
The fuel rod diameter and cladding thicknesses are 0.23 inches aMd
0.015 inches respectively.

Superheater fuel elements: The superheater fuel elements are being
designed on the premise that they generate power approaching that
which the replaced boiling elements would have produced. Actually,
in this reactor 17% of the heat is generated in 20% of the fuel
without resorting to unduly severe conditions. The reference fuel
elements consist of plates of 93% enriched U0 2-SS dispersions clad
with 304 SS. The two fuel plate configurations being considered are:

1. Four subassemblies (16 plates) 1.25" wide positioned in a 4" x 4"
cell with an internal and external water moderator. Each sub-
assembly will contain two bundles of plates (approximately 1' in
length) one stacked on top of the other and rotated 900. The fuel
meat and clad thickness are 10 mils each respectively.

2. Each fuel element contains five subassemblies, each 0.450" x 3.75"
in cross section, with water moderator between them making up a
4" x 4" cell. Each subassembly will contain 5 fuel plates with
the outside plates in each subassembly containing only half the
fuel loading of the inner plates. Fuel plates are 0.030" thick
with 0.010" meat and 0.010" clad. The plates are spaced 0.045"
apart for steam passage. This fuel element concept is designed
to permit self cooling shortly after shutdown with no bulk steam
flow.

In-Core Measurements

The following in-core variables are planned to be measured during

operation of the BORAX-V reactor:

1. Flow rates in selected boiler and superheated elements.

2. Selected boiling fuel rods and superheater fuel plate temperatures
will be measured. Tungsten-rhenium thermocouples in tantalum

sheath and insulated with zirconium oxide or beryllium oxide
materials are being considered for determining boiling fuel rod
center temperatures.

3. Steam voids at boiling element exit (turbine type meters based
on measuring the volumetric flow rates at the inlet and outlet
have been developed by ANL for this application).



h. Neutron and/or gamma flux (miniature ionization chambers and the
normal wire and foil irradiation technique will be used for these
measurements).

5. Pressures - for following steam dome pressure transients (an unbonded
strain gauge type of transducer will be installed in the steam dome
in order to shorten response time).

Heat Transfer

ANL has recently completed construction of a 600 psi heat transfer
loop to be used for determining superheated steam heat transfer
coefficients. Initial operation of the loop was terminated after
eight hours because nearly all type 301 SS weld fittings external
to the boiler showed evidence of chloride stress corrosion cracking.
The loop was reconstructed with Cr-Mo steel. Loop operations have
been resumed and data are expected to be forthcoming in October 1959.

TODUR

On September 23, 1959, the group visited the following General Electric
facilities:

1. General Electric Test Reactor (GETR)

2. Vallecitos Boiling Water Reactor (VBWR)

3. Fuel Fabrication Building

4. Control Rod Production Facility

5. Heat Transfer Building

6. Hot Laboratory
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