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LEGAL NOTICGCE

This report was prepared as an account of Govern-
ment sponsored work. Neither the United States, nor the
Commission, nor any person acting on behalf of the Com-
mission;

A, Makes any warranty or representation, express
or implied, with respeect ta the arcuracy, completeness, or
usefulness of the information contained in this report, or
Lhat the use of any infurmation, apparatus, method or process
may not infringe privately owned rights; or,

B. Assumes any liabilities with respect to the
use of, or for damages resulting from the use of any
information, apparatus, method or process disclosed in
this report.

As used in the above, ''person acting on behalf of
the Commission' includes any employee or contractor of the
Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commission, or
employee of such contractor prepares, disseminates, or pro-
vides access to any informatiocn pursuant to his employment
or contract with the Commission, or his cmployment with such
contractor.

NOT=: This is the thirty-seventh in a series of Research and Development
Progress Heports. The preceding reports in this series are Nos. IDO-:

28501, 288502, 28504, 28515, 28516, 28517, 28518, 28519, 28520, 28521,

28523, 28524, 28525; 285265 28527, 28528, 28529, 28531, 28532, 28533,

28535, 28536, 28538, 28539, 28541, 28542, 28543, 28544, 28545, 28546,

28548, 28549, 28551, 28553, 28554, 28556, and 28557. The information
herein is regarded as preliminary and subject to further checking, verifi-
cation and analysis.
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' THE ARMY GASQCOCLED REACTOR SYSTEMS PROGRAM

SEMIANNUAL PROGRESS REPORT

1 Jénuary‘th:ohgh 30 June 1960%

- ABSTRACT

This report contains the significant highlights
of the work performed during the first six months of .~
calendar year 1960 in connection with the Army Gas-Cooled
Reactor Systems Program. The Program includes the Gas-
Cooled Reactor Experiments I and II, the ML-1 (a proto-
- type mobi le, gas-cooled nuclear power plant) and the -
Gas Turbine Test Facility. Status and progress of each
~project is reported, as is information concerning
associated tests and data evaluation, and status of
fabrication of experimental znd prototype components.

PREFACE

The Army Gas-Cooled Reactor Systems Program® (AGCRSP) includes
three principal projects being concucted by Aerojet under Contract
AT(10-1)-880: design, construction and operation of the GCRE-I;
studies directed towards the design of an advanced backup experimental
reactor, called GCRE-II; and de31bnn «developmént, construction and
overation of the ML-1.

Operation of the GCRE-I at NRTS was begun in February 1960. The
reactor is being operated to provide developmental and lifetime data on
heterogeneous fuel elements, and dynamic and control characteristlcs for
use in the ML-1 design.

* Published by Aerojet-General Nucleonics, San Ramon, California
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'~ The GCRE-II is planned as a ges-cooled graphite moderated, homo-
geneous fueled reactor system. It was originally conceived as an advanced
backup effort to the GCRE-I project.

The ML-1 project is the main stream effort of the AGCRSP. Its
objective is to produce a prototype mobile nuclear power plant suitable
for military field use. Criticality of this prototype plant is scheduled
for April 1961. '

Included in the ML-1 project is the major effort to develop advanced
fuel elements (FED). In view of the complexity of the ‘FED project, a
separate section of the report is devoted to its status.

Additional support to the Program is provided by Department of the
Army Contracts DA-44-192-ENG-8 (design and fabrication of turbine-com-
pressnr sets far the MI-1) and NDA-44-009-ENG-3252 (operation of the Gas
Turbine Test Facility - GTTF). Reports on these contracts are included
as background information.

Organization of this report follows this order: GCRE-I, GCRE-II,
ML-=1, FED, and GTITF. The detailed breakdown of the report is by task
numbers. That is, work is reported under the task responsible. The
work for each task is reported in three categories: work accomplished
in the first five months of the period; work accomplished in June; and
anticipated accomplishments for July. This task breakdown, although
convenient, possibly is misleading in that materials development tests,
for example, may be reported under several task numbers although conducted
in one laboratory, perhaps by one person. -

-2 -
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- 1. THE GAS-COOLED REACTOR EXPERIMENT I
A, SUMMARY
* Expedient modifications to the tube bundle and coentrol rods made
possible the attainment of initial critical of the GCRE-I reactor early
in February. The scheduled series of low power experiments was completed
and the facility shut down in mid-April to permit the permanent modifi-
cations to the tube bundle, control rods and instrumentation. This work

was completed late in June and the planmed prOgram of ascension to rated
reactor power was initiated. :

B. A/E SERVICES

The A/E resident engineer completed the activity associated with
the construction work, and left the site 12 February.. :

C. 1IDAHO OPERATIONS

Narrative Summary: January through May:

Thorough evaluation of the ‘design deficiencies of the GCRE-I
brought to light during pre-operatiom testing in- November 1959 showed
the.necessity of certain expedient -modifications, as follows:

1) Tube Bundle: The aluminum tube bundle was repaired by re-
moving the existing fusion seal weld between: the pressure tubes and
the tube sheet, aud re-welding with a tiller rod weld. It was not
possible to make all welds leak tight. ~For several reasons it was
decided to re-install the vessel with a small leak. These reasons
include the limited schedule for reactor operations, and the. iimited
pressures and temperatures at which the reactor was to be operated.

" Consideration :of.the long-term changes.in the structure of

aluminum welds and the uncertainties in the corrosion .rate of the

. aluminum bundle led to the decision early in January to proceed
with fabrication uf a replacement stainless steel tube bundle. The
stainless steel bundle was completed in mid-May and shipped to the

"~ site for installation. A report detailing the design’ and .operating
history of the aluminum tube bundle and the design and fabricaticn
history of the stainless steel tube bundle will be published
shortly (AGN-TM-386).
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2) Control Rods: Leakage through the chevron seals was the most
persistent difficulty experienced with the GCRE-I fast control rods.
Pressurizing the actuator housings made early operation possible
with some reliability. With this modification, leakage was mani-
fested by air passing out through the seals rather than by water
penetrating into the actuator housing.

Other significant changes included re-mounting the drive
mechanism and micro-switches in: the actuator housings, providing
bronze bearings adjacent to the chevron seals, and eliminating
galling surfaces in several locations. A detailed report will be
written on modifications to the rod actuators,

3) Instrumentation: Expedient modifications to the instrumentation
congisted primarily of '"de-bugging" this system and isolating
sensitive circuits wherever possible.

. These modifications were completed early in February. The
initial critical experiment was then performed with the reactor in the .
flooded (most reactive) condition. Criticality was attained with a load-
ing of 36 IZ-type fuel elements (11.25kg U-235). The wet critical
experiment was followed by the drying test and the dry critical experi-
ment. The reactor attained criticelity in the dry condition with a
core loading of 56 IZ elements (about 17.5 kg U-235). Following these
critical experiments, flux mapping, determination of control rod re-
activity, and associated low power tests were run. These tests were
terminated in April to modify the system so as to make extended full
power operation possible.

The modifications for full power operationof the GCRE-I reactor ..
included installation of the stainiess steel tube bundle, re-work of the
fast control rods, and further stabilization of instrumentation. By the
end ot May, the stainless steel tube bundle was about 507 installed, the
modified control rods were being installed, and modificativns to the
instrumentation system were complete.

Accomplishments - June:

Modifications.were completed, and the modified componente installed
early in .June. :

~ 1) Shutdown Rods: The following significant improvements were
incorporated: = the magnets were replaced by modified ball-latch
mechanisms; larger, more rugged owitches were used ta rcplace all
micro-switches, and the chevron seals were replaced with U-cup
rubber seals. In addition, the pistons were plated with a
molecular coating of molybdenum to provide a lubricated surface.
The dashpot housings were machined to provide optimum deceleration

during scrams.. = .

2) Safety Rods: The rear set of chevron seals were eliminated
since they were not required to effect a seal. The forward

chevron seals were replaced with U-cup rubber seals. A study of
the damping characteristics of the safety rod showed that forces

-4 -
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of about 50 g were sustained during scramming. The dashpot
housing was modified to provide a maximum of 25 g at a nitrogen
driving pressure of 75 psig. The scram times following the
modifications were 160 msec in water with a blade attached to the
rod. .

3) Tube Bundle: The replacement stainless steel tube bundle was
installed in June. This bundle is geometrically similar to the
aluminum bundle except for thickness of the pressure tube walls.
The stainless steel tubes have walls 0.020-in.-thick compared to
0.058-in.-thick for the aluminum tubes. The most significant
changes were in the tube-to-tube sheet joint and in the provision
of cooling for the tube sheet. The latter modification was made
because conduction from the heated nitrogen and gamma heating

‘ sets up prohibitive thermal stresses in the 3-in.-thick stainless
steel tube sheet if auxiliary cooling is not provided.

4) Instrumentation: The most significant changes in the GCRE-I
instrumentation were made to isolate sensitive circuits and to
ensure that regulated power leads were not tied into non-regu-
lated power. These efforts were all directed toward minimizing
spurious signals in the nuclear instrumentation.

After the control rods were re-installed, each was cycled 20
times before they were accepted. The reactor attained:criticality in.
the flooded condition on 13 June with a loading of 535 IZ-type elements
(17.2 kg U-235). The full core flooded experiment, the drying test
and the dry critical experiment were performed after the wet critical
experiment with the stainless steel tube bundle. The reactor attained
dry criticality with a core loading of 66 IZ-type elements (20.6 kg U-235).
The core was then loaded with 71 I1Z-type elements to provide the excess
reactivity required for operations. ° :

The IB-9¢ experiment was performed in anticipation of full power
operation to determine relative flux levels for a pin-type element in
various positions in the reactor.

Power ascension was initiated late in June with an instrumented
plate-type element. Performance of this test was impeded by instrument
instability.

Anticipated Accomplishments - July:

Power ascension (ANSOP 9210) will be completed during July. After
demonstrating stable operation at full reactor power level, the reactor
will be operated long emough to generate the gamma source for the
photoneutron experiment. The reactor will then be shut down and flooded,
and the photoneutron experiment performed. This experiment is to de-
termine the level of neutron emission that might be expected in the
ML-1 from the photoneutron effect of gamma rays on beryllium. It is
anticipated that this experiment will take about three days, after
which the core will be loaded with two instrumented IB fuel elements and
one ncn-instrumented IB power element. After the core is dried, the
‘reactor will be operated at power. :

-5 -
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D. TEST PLANNING AND EVALUATION

Narrative Summary - January through'May;

The two major changes made in the GCRE-I during the period were
the design and installation of a stainless steel tube bundle, ‘and the
decision to replace the plate-type fuel element with the pin-type (ML-1)
element. The tube bundle design and fabrication was monitored by this
group, and the assembly installed under the supervision of this group.
The pin-type core (designated IB-2L) design and fabrication were assigned
_to the Fuel Element Development (FED) group. This core is scheduled to
be loaded in October 1960. ' : '

These core changes required revision of the GCRE-I Hazards Summary
Report, ID0-28506. Addendum II was published in February and Addendum III
in May. :

Thermal and stress analyses of the tube sheet for the stainless
steel tube bundle indicated that internal cooling would be needed to re-
duce thermal stresses to acceptable values. A pumping system and a
manifold was designed and installed to provide this cooling.

The reactivity effect of the substitution of the stainless steel
tube bundle for the aluminum tube bundle was calculated, showing a change
in reactivity of -0.67%. The critical experiment conducted with this
configuration determined that 66 fuel elements (20.6 kg U-233) con-
stituted the critical loading. "This is an increase of seven elements
(2.4 kg U-235) over a previous experiment using the aluminum tube bundle
with plate-type fuel elements. An analysis of the mathematical methods
indicated that the codes used to evaluate the fasl cuustants did not
calculate a neutron age consistent with reported experiments. In
addition, questionable methods were used to determine neutron tempera-
ture. The MUFT IV and SOFOCATE codes were used to recalculate the con-
stants for the core with the aluminum tube bundle, . and gave a ke ¢ of
1,023, The eapevimental value of keff wao 1,01 and the previousfy .
calculated value was 1.065.

Fuel element handling tocls were designed and fabricated for use
with the pin-type fuel elements. A borescope was designed with forward
and side viewing heads to permit internal inspection of pressure tubes.
The nitrogen filter vessels in the main loop were modified to permit
removal of filter elements from a remote location. Dummy plugs to block
nff unused fuel element positions in the core were re-designed, primarily
by the addition of insulating material. The dummy plugs at the GCRE-1
site were also modified in the same way. Additional plugs are being
fabricated for use with the smaller IB-2L core.

Accomplishments - June:

Calculations were initiated on a core composed of IB-2L elements in
a stainless steel tube bundle based on experimental values of cell flux
distribution available from BMI experiments. Calculations using the Iz
cell code failed to give results compatible with the experimental

(<))
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distribution. Improved results were obtained by introducing pin self-
shielding factors, but the mathematical méthods‘were still considered
unsatisfactory. A calculation is being made using the PDQ code (a two-
dimension diffusion code).

Data from the IB;9¢ flux measuring experiment is being reduced.

Anticipated Accomplishments - July:

A preliminary schedule of experiments at nominal power will be
prepared for the GCRE-I.

The fuel cask shielding analysis will be completed and design and
fabrication initiated.

The IB-2L neutronic analysis will be continued.

Experimental procedures will be prepared and forwarded to the
GCRE-I operations group covering system activity, experiment 511;
moderator activity, experiment 512; irradiation data (instrumented
elements), experiment 520; radiation damage (shock mount), experiment
533; and dose distribution, experiment 534.
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II. THE GAS-COOLED REACTOR EXPERIMENT II
A. SUMMARY

"Work in the GCRE-II area during the report period was limited. to
materials developmerit and systems studies. These studies included
mobile and portable power systems using homogeneous graphite reactors
as well as modifications and improvements to the ML-1 system. The
materials development effort was devoted to homogeneous graphite fuel
materials. o

B. SYSTEMS ANALYSIS (Task 47-300)

Narrative Summary - January through May:

1. ML-1 Improvements: -

a. ML-1 Cycle Study and Weighf Optimization: A cycle and weight opti-
mization analysis of the ML-1 system .resulted in the following con-
clusions:

Minimum plant weight and maximum power output per unit plant
weight result from the use of a recuperator and pre-cooler with heat
transfer effectiveness of 80 and ¢3%, respectively, and maximum system
pressure of 375 psia. These heat exchanger effectivenesses are com-
parable to those in Lhe ML-1l; howcver, an increase in maximum system
pressure to the optimized value could ‘decrease the weight of the ML-1
power conversion system about 140C 1b and increase plant thermal ef-
ficiency by about 2.0 percentage points.

The maximum system pressure can be increased to about 525 psia
without exceeding the nominal design weight of the ML-1 power con-
version skid. This increase in pressure, used with the same turbine
inlet temperature, will increase plant thermal efficiency by 3.9 per-
centage points, reducing the thermal requirements for a given power
output by about 25%. The increased weights of plenum and tube sheet
(made necessary by the higher pressure) are counterbalanced by the re-
ductiorn -in shielding weight made possible by the reduced core size .and
thermal power made possible by the increased pressure. In addition, °
the ML-1 core heat transfer characteristics can be maintained while
reducing the total number of fuel elements from 61 to 46.

L)

-9 .



Report No, IDO-28558

The net plant electrical output can be increased by 22 kw without
exceeding the nominal design weight of the power conversion system if
the weight saved by optimization for minimum weight is converted into
additional plant capacity.

The ML-1 reactor now is limited to an outlet coolant temperature
of 1200°F to maintain a maximum allowable hot spot fuel element surface
temperature of 1750 F. Calculations were made to determine the gains
possible through advancements in high temperature materials technology.
The results showed that a 50°F increase in turbine inlet temperature
would increase the plant thermal efficiency 0.75 percentage points and
would decrease the weight of the power conversion skid by about 1000 1b.
Calculations based on advancements in turbomachinery technology showed
that a one percentage point change in turbine or compressor efficiency
produces about a 0.6 pefcentage point change in cycle efficiency and a

reduction in weight of the power conve:sxon skid of 600 to 800 1b.

b. ML-1 with Inert Gases: The feasibility of aperating the éuieting
ML-1 nitrogen system with an inert gas was investigated. Certain model
laws must be satisfied to operate a given machine with a gas other than
that for which it was designed. Where compressibility effects are im-
portant, .the Mach numbers. (N_,) should be the same for both. For equal
velocities and temperatures % the turbomachinery:

jrmw
oc k

where MW is molecular weight, and
k is specl[lc heat ratio

An inert gas mixture must be used to satisfy the specified conditions.
The properties of two ‘suitable mixtures are compared to nitrogen in the
table below:

‘ . Molecular ) SgecifiCHHeat
Gas(vol%) _Weight . Ratio
N, (100%) ' 28:01 | 1.36
71.1 A + 28.9 Ne 34,3 1.66
34.4 1.664

[

84.7 A + 15.3 He

The inert gas mixtures listed above require large volume fractiomns of
argon, but argon has a relatively high neutron activation:crzss section.
Calculations indicate that dose rates on the order of 2 x 10" times
tolerance would exist only two feet from unshielded coolant pipes after
10,000 hr operation. About five inches of lead would be required to
attenuate the radiation to 300 mrad/week at the same .dose point. Inert
gases containing argon therefore are not suitable for use in an un-.
modified ML-1 reactor system.,

- 10 -
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2. An Advanced ML-1:

a. Dual Cycle - Helium/Air: A dual cycle system has the advantage over
the single closed cycle systemiin thatuore conventional power conversion
equipment can be used and fuel element lifetimes and temperatures may be:
increased by virtue of using helium in the primary loop. Feasibility
studies were therefore initiated for a dual cycle power plant employing
a helium primary system and an open cycle gas turbine plant,

Preliminary investigations now in progress will cover the ranges
of turbine inlet temperatures to ISDOOF and reactor outlet temperatures
to 1950°F with the ML-1 power output. Optimum compressor pressure ratios
were found for various turbine inlet temperatures using equations which
account for the power requirements for the helium pump and auxiliaries.
As was expected, the efficiency is zreater in a recuperative cycle;
however, the recuperative cycle is only about 2 to 3 percentage points
more efficient than for the case without a recuperator because of in-
creased pressure drop in the system due to the heat exchanger. Optimum
compressor pressure ratios vary from 3 to 4 for the recuperative cycle,
and from 6 to 8 for the non-recuperative cycle depending on the turbine
inlet temperature,

Preliminary weight scaling relationships were developed for the
power conversion equipment to compare the overall weights for the ML=-1
and a dual cycle system., It was found that the dual cycle system would
' produce more net electrical output at a sllghtly higher system efficiency
than with the ML-1 with the same pcwer conversion skid weight, turbine
inlet temperature, and maximum fuel element wall temperature.

b. Heat Exchanger Design:. Since weight and size are at a premium, a
mobile dual cycle power plant employing a helium primary system and an
open cycle gas turbine requires a specially designed heat exchanger to
transfer heat between loops. A pure counterflow heat exchanger, em-
ploying U-tubes and spherical heade, weighs less than other exchangers,
and has the further advantage in that the exposed spherical plenums and
U-tube shell can be kept relatively cool by internal insulation. The
results of preliminary heat exchanger calculations are shown in the table
below for various turbine inlet temperatures with various reactor outlet
temperatures for an unfinned heat exchanger (0.25-im ID tubes); a
primary system pressure of 500 psisz;. a primary and secondary side A plp
of 0.005 and 0.02, respectively; a net generator electrical output of
400 kw, and equal capacity rates on both sides of the heat exchanger.

RESULTS OF HEAT EXCPANGER CALCULATIONS
Turblme Inlet Temperature, °F

ol 1200 . 1400 1600
Reactor Outlet Temperature, ~F 1350 1650 1550 1850 1750 1900
Heat Exchanger Tube 19 7 19 - 7 19 10
(Length in Feet)
Diameter of Heat =~ 19 15 15.5 12.5 13 11
Exchanzer, Inches
Number of Tubes 1150 750 850 - 550 650 500

Weight in Pounds 6000 2300 4000 2000 3500 2000
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A compact recuperator/heat exchanger design was completed and a
weight calculation made for use as & normalization factor for weight
scaling relationships in optimizing the complete dual cycle system. The
recuperator is of the plate fin cross-flow design, rectangular in shape,
2.0-x 2.5-x 3.5-ft. A heat transfer effectiveness of 707 was obtained
for a total weight of 2500 1b.

c. Data from Vendors: Design information is being gathered from in-
dustrial concerns that manufacture cpen cycle gas turbomachinery with
capacities in the 300 to 3000 kw range. Performance data has been re-
ceived from three vendors. The amount of experience and development
associated with these engines, coupled with proven performance, suggests
that open cycle turbomachinery offers a large degree of reliability at
minimum dollar cost at this time.

A survey of compact heat transfer equipment is being conducted,
since the output of a mobile plant is limited to a great extent by the
weight of the heat exchanger. Preliminary information received trom one
vendor shows a reduction of 35% in weight and 607 in volume compared to
conventional shell and tube designs.

3. Solid, Homogeneous Moderator Reactor Systems:

a. 3000 kw(e) Mobile System: A preliminary design and feasibility
study was completed for a mobile nuclear power plant, of 3000 kw net
electrical output. This weight-optimized power plant consists of a
nitrogen-cooled reactor and a regenerative closed cycle gas turbine
power conversion system operating at 500 psia maximum system pressure.

A net plant efficiency of 18,5% is achieved with a turbine inlet tempera-
ture of 1300 -F and a sink temperatuvre of 100°F.

The entire system is readily transportable since there are only
seven packages, none of which weighs more than 15 tons. The toral plant
weight is estimated to be 100 tons, corresponding to a specific weight
of 67 1b/kw of net electrical output:. The design is intended primarily
to supply electrical power at remote locations where logistics, economics
or the exhaust fumes make diesel fuel impractical

A preliminary estimate shows that three days time and 21l-man-days
of labor are required to set up the plant for full-power operation with
a clean core. An economic analysis of this system showed a capital
-investment of $1038/kw(e) for an estimated power production cost of
35 mills/kw-hr.

Characteristics of a 3000 kw(e) Mobile Plant

Qverall Plant Performance

Reactor thermal output 16.3 mw
Net electrical output 3000 kw
Net plant efficiency @ 100°F: 18.47

ambl/ent temp.

- 12 -
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Reactor
Moderator Graphite
Core length (active) . 33-in.
Core equivalent diameter (active) 31-in.
Fuel loading U-235 25 Kg
Lifetime 10,000 hr
Core composition (vol %)
Graphite 82
Metal 3
Void 15
C/U ratio 485
Control drums ' :
Diameter 5.0-in,
Number 12
Location Side reflector
Poison " Rare earth oxide
Reflector
Composition BeO
Side thickness 5.0-1in.
Top thickness (coolant outlet) 4.5-in.
Bottom thickness (coolant inlet) 6.0-in.

Fuel Element (Semi-Homogeneous)

Distance between hex flats 1.84-1in.
Fuel rod diameter o 0.875-1in.
Fuel volume fraction in element 23%

Core ,Flow and Heat Transfer

Number of coolant holes (total) 2277
Diameter - . 0.25-1in.
Coolant Nitrogen
Mass flow rate 475,000 1b/hr
Heat transfer area , 410 ft2
_Average heat transfer coefficient 348‘Btu/hr-ft2-°F
Average film temperature drop 390°F 2
Average heat flux 1.36_x 10” Btu/hr-ft
Maximum nominal coolant channel 1595°F
'surface" temperature
Maximunm hot spot coolant channel . 1800°F
surface temperature
Rcactor pressure drop (orvificed) 25 8si
Coolant inlet temperature 870°F
Coolant exit temperature 1300°F

Power Cycle

Pressure ratio 2.65
Recuperator heat transfer effectiveness 807%
Pre-cooler heat transfer effectiveness 93%

- 13 -
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b. 3000 kw(e) Portable System: A feasibility study was completed for a
3000 kw(e) superheated steam power plant using a helium-cooled homogeneous
graphite moderated reactor.primary system.. The plant was not fully opti-
mized due to the lack of availability of current knowledge in the areas
of costs, weights, fabrication and development times, and the operating
parameters for' each component over the range of interest. The principal
characteristics and problems of heat transfer and cycle optimization were
explored, however.

The proposed system provides high efficiency with moderate reactor
gas outlet temperature. The system is portable in the sense that it can
be packaged to allow air transportation by C-130A aircraft to the operating
site. The estimated installation time and manpower nequirement for appli-
cation in continental Unitad States is 32 days with a maximum crew of
20 men. Fifteen men are estimated to be needed for around the clock
operation. The overall system weighs 217 tonms, 1nc1ud1ng equipment.
housings, is divided into 16. packages, none of which exceed the size and
weight limits for the C=130A. An economic analysis of this syslem Lngdl-
cates that power could be produced for 31 mills/kw-hr with a capital
investment: of $970/kw(e).

The gas-cooled reactor concept' appears to be one of the more
promising means of obtaining superheated steams and affords a relatively
light-weight primary system. The degree of superheat demanded by most
modern high performance steam turbines ‘can be mét with relatively low
primary system pressures and moderate reactor outlet temperatures. The
low moisture levels at the turbine exit, typical of a superheated steam
power. plant, contrlbute to high: per formance and minimum turbine mainte-
nance.

The power plant uses currently available equipment wherever possible
and does not involve any major development work. The dual_ loop concept
has the advantage of containing radioactive contaminants; thus routine
maintenance may be performed on the secondary (steam) system. The use
of an inert gas in the primary system greatly reduces corrosion problems
at the high temperatures in the reactor fuel elements°

The primary loop includes the reactor, steam generator, helium
blower, helium purification system, and the helium make-up system. The
reactor employs a graphite, semi=homogeneous fucl clement with a DeO
'reflector, and is shielded with water and expedient matetials. The
semi-homogeneous fuel element has a canned fueled graphite circular
cylinder encapsulated in an unfueled graphite hexagon. The graphite
hexagon has coolant slots, or holes,.in its body. Coated.fuel particles
and silicon carbide coatings on the graphite surfaces help prevent re-
lease of fission products from the fueled graphite. The fuel can prevents
the escape of fission products into,the coolant stream: The graphite
provides the structural strength.

The steam power plant uses one 'steam generator to supply steam to
three 1.25 mw(e) turbine generator units in parallel. Partially expanded
steam is extracted from an intermediate point in the turbine to heat the
feedwater. The turbine generator sets are field assembled to the con-
densers to form integral units. These units reject their heat through
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an intermediate fluid to three air-cooled heat exchangers. An evaporafive
water system is provided with the steam plant to supply make-up water at
the site.

CHARACTERISTICS OF THE 3000 kw(e) PORTABLE SYSTEM

Overall Plant Performance @ 100°F Ambient

Reactor thermal output 13.3 Mw

" Net plant heat rate 15,200 Btu/kw-hr
Net plant efficiency 22.5%
Net plant electrical output ' 3,000 kw(e)

Reactor: Grgéhite Moderated, BeO Reflected

Active size of core " 35.4-in. high x
| - - 28.25-in. dia .

Fuel inventory 22.6 kg
Coolant ’ ' Helium'at 900 psia
Coolant flow rate 800'1b/hr
Inlet/outlet/max nominal wall temp 580 F/1150°F/1650°F 2
Average heat flux , . 1.73 x 10° Btu/hr- ft
Power density ' 1.04 Mw/ft3

" Coolant hole equiv diameter 0.246-1in.

"Fuel element size across flats 2.19-1in.
Void fraction : 4 : 10.3%

Metal fraction ‘ ' 2.9%

' Fueled graphite fraction ‘ 42,07
Unfueled graphite fraction 44.8%

Power Plant - Superheated Steam

Turbine inlet conditions 950°F, 800 psia

Steam flow rate
Condenser pressure
" Heat rejected

Ceneral

Total plant weight
Number of ‘packages

Estimated power cost

Capital costs
]

40,000 1b/hr

7.5 psia;

‘3.4 x 107 Btu/hr

217 tons

.16 .
" 31 mills/kw-hr

$970/kw(e)

c. Neutronics: The effect on core loading of coolant volume fraction
was investigated for a representative reactor assembly. Calculations
were performed for the range of 10 to 30 vol? void in a beryllium-
reflected, ' lead-shielded, cylindrical graphite assembly. The critical
core loadings were found to increase two-fold when the void fraétion

was increased from 15 to 30%.

Further calculations were performed to evaluete trends in critical
mass as a function of the:length-to-diameter (L/D) ratio of the reactors
evaluated, The L/D ratlo yieldlng the minimum critical mass was found '
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to depend on the core diameter: The minimum critical mass for a core
26-in, dia was found to occur at an L/D of 1.8, and for a 30- in° core
at an L/D of 1.4,

Europium was selected.as a representative resonance absorber
material for evaluating the reactivity control afforded by such a poison
material in reflector control drums. Criticality calculations indicate
that sufficient reactivity might be controlled by this method for use in
a graphite moderated reactor.

In the majority of criticality survey calculations performed,
representative core assemblies were surrounded by an 1l-cm beryllium
reflector and a 24-cm lead shield. Evaluation of the lead shields of
these assemblies indicated a reactivity contribution to the system on
the order of 15%, due to the reflection of neutrons back into the cores.

' Variations in the thickness ol Lhe be;yllium refleotor surrounding
representative core assemblies indicated the worth to be on the order of
1 %/cm in the region of 10- to 15-cm beryllium reflector thickness. In
all calculations the beryllium reflector contained 2 vol% NiCr to simu-
late coolant tubing .and was enclosed in a lead. shield 24-cm-thick.

d. Fuel Element: There are several fuel element configurations that
will satisfy the heat transfer and 7low requirements of the two 3000 kw
systems. Two concepts appeared to warrant study. These were the semi-
homogenecus element (a fueled graphite cylinder in a graphite can) and
a homogeneous element (a fueled graphite cylinder in a metallic can).
The latter element would be easier to fabricate, leads to lower build-up
of fission gas pressure, and uses lower fuel density in the graphite;
tlius it is superior to the semi-homngenenus element. However, the metal
used in the can must have a coefficient of thermal expansion near that
of graphite, must have low stremgth at the uperating conditions, and must
remain ductile over the operating temperature range. Zirconium and its
alloys are thernly'metals that meet these requirements. However,
zirconium and irs alloys exhibit poor oxidation resistance at the .
operating temperatures, and large dimensional instability when thermally
cycled between the alpha and beta phases. For these reasons work on the
homogeneous element has virtually ceased, and the materials group is
carrying out basic materials developments so that the semi-houwgeneous
elcment can be fabricated.

e. Safety: A preliminary investigation was made of the safety charac-
teristics of the homogeneous and semi-homogeneous fuel element. The
homogeneous element consists of a camnned, fueled graphite hexagon with
coolant gaps around the periphery; the semi-homogeneous element consists
of a homogeneous fueled graphite circular cylinder encapsulated in an
unfueled graphite hexagon with coolant slots or holes in its body.

The can materials considered for the semi - homogeneous element were
Zircaloy 2, Hastelloy X, Momel, "A" Nickel and platinum. Zircaloy 2
was considered for the homogeneous element. Reference parameters'from
the 3000 kw(e) mobile system feasibility study were used in the materials
study. .

- 16 -
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The transient heat transfer characteristics for the fuél elements
were found by solving an analogous R-C electrical network. In these
calculations fuel capacities were lumped, the prompt temperature co-
efficient was neglected and the heat removal rate was assumed to be con-
stant. The neutron lifetime was taken to be 125 M/sec. The reference
conditions are listed below:

REFERENCE PARAMETERS FOR SAFETY CALCULATIONS

Reactor thermal power 16,300 kw

Active core volume v 14.45 ft

Semi-homogeneous element C

' Fueled graphite fraction 29.9 vol%

Moderator fraction ' 59.1 vol%
Metal fraction 3 vol%
Void ' 15 vol%
Fuel radius 0.4375-1in.
Can thickness 0.025-in.
Shell thickness 0.375-in.
Length ' 33-in.’
Number of elements 253

Homogeneous element ‘
Fueled graphite fraction ' 78.9 vol%
Metal fraction : 6.1 vol%
Void fraction 15 vol%
Fuel radius 0.734-in.
Can thickness , 0.025-in.

. Length ' . 33-in.
~ Number of elements 356

The temperatufes, power, and energy releases for a 27 step change
in reactivity in the semi-homogeneous and canned element, respectiuvely
are shown below: : '

SEMI-HOMOGENEQUS ELEMENT CHARACTERISTICS

Excursion

Time Nominal Average Temperatures Power - Energy

Millisec Fuel®f Can’F Shell®’F Mw Mw-Sec

Steady State 0 2010-2090 1820-1840 1660 16.3 -
Zircaloy 2 Melts 79 5130 3300 1790 132,000 10,400
Hastellyy. XiMélrs 70 3175 2350 1716 50,600 3,520
Monel Melts 71 1785 2400 1721 55,000 3,920
"A" Nickel Melts . 74 3715 2600 1742 77,000 5,680
Platinum Melts 79 5095 3224 1808 130,000 10,400

Graphite Sublimes 83 6600 3950 1875 204,000 16,900
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CANNED ELEMENT CHARACTERISTICS

a ﬁb&i&;i A&é%éééz S  Excursion |
Time. Temperatures - Power 5 Energy. -
Millisec FuellF ‘ ggggg _ Mw . Mw-Sec
Steady State 0o 1875 1600  16.3 -
Zircaloy 2 Melts: 79 3575 3300 132,000 10,400
Graphite Sublimes 90 6600 6325 432,000 38,800

A summary of the results obtained from the study are:

g GCRE 1I prompt temperature coefficient is on the order
ua X 10 o

2) The reactivity, 2 k/k, tied up in the can material ot the
semi-homogeneous element is 0.15 % for Zircalny-2, 5.4 7 for
Hastelloy-X, 5.3 % for Monel, 5.8 % for "A" Nickel and 7.3 % for
Platinum.

3) Graphite sublimation and subsequent core disassembly, which
occur in less than 100 millisec in both elements, are the shut-
down mechanisms for a 2% step inérease in reactivity. The boiling
points of the can materials are not reached before disassembly.

4) Because of the high core heat capacity, excursions can be
limited short of can material meltdown with about the following
worths of reactivity in the semi-homogeneous element: $1,14 with
Zircaloy 2, $1.18 with Hastelloy X, $1,19 with Mouel, $1.22 with
“A" Nickel, and $1.26 with Platinum. $1.54 can be added with
Zircaloy 2 in the homogeneons element. These calculations assume
a 400 msec scram dolay time. '

5) The worths ot feaétivity whicli way be added in the case nf
the semi-homogeneous element to obtain a given temperature in the
can material in a fixed time interval, increases with incrcasing
thermal conductivity of the can material. This is caused by the
‘decreasing thermal resistances between the fueled and unfueled
portions of the element. ' ‘

6) The high heat capacity of the .core provides an excellent heat
sink in case of temporary loss of codlant, or during transients.

7) Meltdown of the can material in the semi-homogeneous element
should not significantly increase an excursion.since the can
material is retained within the fuel element. Can meltdown will,
however, release fission products. '

-.8) Fission product retention during a major excursion will
primarily depend on the integrity of the coated fuel particles.

-18 -
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9) "The chemical reactions of - core materials with water and air
in case of an excursion should be investlgated because a considerable
amount (10 10 joules) of potential chemical energy is available.

10) More advanced ceramic moderating materials warrant investi-
gation since such materials may make possible softer spectrums,

thereby giving longer neutron lifetimes, and thus tending to make
excursions self-limiting.  ° : :

Accomplishments - June:

1. ML-1 Improvements: Previous studies showed that optimizing the ML-1
for minimum weight results in reducing system weight by about 1400 1b )
compared to the reference design with a net plant output of 330 kw.. With--
out altering plant operating conditions, this saving in weight can be
converted into 22 kw of increased plant electrical output. Since this is
a. somevwhat ‘marginal gain in net output; it is of more interest to de-
termine the changes required to obtain a substantial increase in plant
capacity.. Accordingly, studies were made of the effect of turbine in-

let temperature and turbomachinery efficiencies on net electrical out-
put, since these parameters significantly affect plant efficiency with-
out greatly affecting the pptimized operating conditions. The results
showed that for each one percentage point increase in turbine efficiency
the net plant output can be increased 11.0 kw, and for each one percentage
point increase in compressor efficiencies, the net plant output can be
increased 7.5 kw, without increasing the referemce plant design weight.
Also, for each 50°F "increase in turbine inlet temperature, the net _plant
output can be increased 21;0 kw fori.aufixed:plant;weight. :Therefore,

the ML-1 capacity can be increased from a reference value of 330 to

500 kw if the compressor efficiency is increased from 83 to 867, the
turbine efficiency is increased from 86 to 89%, the turbine inlet
temperature is increased from 1200 to 1400°F, and the pressure increased
to 375 .psia.

2, Helium Closed-Cycle Gas Turbine System: The advantages and feasibility
o6f a helium closed-cycle gas turbine nuclear power plant are being evalu-
ated. Such a system would serve as an advanced ML-1; i.e., it would
satisfy all requirements for the ML-1, provide longer fuel element life-
times (because of the inert gas coolant), reduce the plant weight, or,
alternately, substantially increase the plant output without increase in
weight.. Cycle calculations were made using the PECAN (IBM-704) code.
‘Heat exchangers are being designed so that accurate weight calculatdions
can be uséd to normalize weight scaling relationships. Plant operating
conditions will then be determined for the weight-optimized system.
Feasibility will hinge on the state of helium turbomachinery technology.
Accordingly, inquiries are ‘being sent to manufacturers involved in this
technology to establish the degree of advancement.

3. Dual Cycle - Helium/Air: Feasibility studies continued on a dual

' cycle power plant employing a helium primary system and an open cycle
‘gas turbine plant. Generalized curves were found for the reactor to
permit extrapolation of its overall characteristics throughout a wide

. range of independent variables. Preliminary weight scaling relation-
ships were developed for power conversion equipment, and- will be refined
when information is received from vendors.
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Anticipated Accomplishments - July:

. Feasibility studies will continue for a dual cycle power plant
.employing a helium primary system and an open cycle.gas turbine secondary.

Work will continue on the designiand feasibility of:the.closed cycle
helium gas.turbine system. -Cycle aad weight optimization calculations
.will be completed, and .this advanced system will be.compared with the
reference'ML*l system.

‘Accumulation of performance and”des;gn data, from vendors of gas
‘turbine equipment will continue:.

C.. MATERIALS DEVELOPMENT.(Task 49-300)

. Narrative Summary - January through May:

. The materials. program during the period was aimed primarily at
developing a fueled graphite material capable.of fission. product: re-
tention at surface .temperatures from 1750 to 1850%°F. -Studies were
initiated to achieve:three objectives: to develop a fueled .graphite
material; to develop a .canning metal for fission prdduct retention and/
or as a carburization barrier; and to develop a corrosion-resistant
coating  for graphite.

‘Five areas were. studied to achieve .these.objectives: . compatibility
of material, graphite coatings, graphite .joining,.coated fuel particles,
and .mechanical and physical properties. ‘

1. Compatibility Studies:,VStudieé were .conducted .on the solid com-
patibility of graphite with zirconium,Zircaloy 2, and nickdél-based alloys;
and .on the compatibility of Hastelloy X with graphlte .coated with molybde-
dum, niobium c¢arbide, and .zirconium. carbide.

-Graphite coated with'hiobium carbide and with molybdenum was placed
in contact with samples, of Hastelloy X.ovThe Hastelloy X samples were
examined after 1000 hr exposure at.l750 F and 300 psi..contact préssure.
‘One sample of Hastelloy X was discarded after discovering that :the cor-
rosive atmosphere (99.5 vol% N, +.0.5 vol% 02) had comé.in contacg with
. the niobium carbide coating aﬁ% the graphite encapsulated . with'the
‘Hastelloy X. ‘Metallographic .and carbon analyses of the Hastelloy X
encapsulated with the molybdenum coated graphite indicated no carbon
diffusion. Mechanical tests showed a decrease .in strength and about 70%
~loss in ductility. Ad@itional test samples (molybdenum- , niobium carbide-
and zirconium carbide-coated graphit e samples in contact with Hastelloy X
will be exposed for 3000 hr.at 1750' ’F. -These. samples have passed 2500 hr
exposiure.

-Test samples..of zirconium.and Zircaloy 2 in contact with graphite
were -examined after 1000 hr exposure.at..l_7SO°F° ‘Metallographic.and. carbon
analyses showed negligible carburization for zirconium.and Zircaloy 2.

- Test. samples of zirconium and Zircaloy 2 were.examined after. 1500 hr ex-
posure. at 1859°F. ‘The. average carburization penetration for the zirconium
.after. this exposure was '0.0015-in.. For the Zircaloy 2, the average carburi-
zation penetration was 0.0003-in. (Flgure 1)
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FIGURE 1, ZIRCONIUM TEST COUPON AT 600x, NOTE
CARBURIZATION ZONE. AVERAGE PENETRATION 0,0015 in,

FIGURE 2, SILICON-SILICON CARBIDE COATED GRAPHITE
SAMPLES, AFTER 300-HR OXIDATION TEST AT 832°F.
LARGE SAMPLE MANUFACTURED BY 3M, SMALL BY AEROJET,
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Compatibility test samples of "K' Monel, "A" Nickel and oxidized
zirconium surface (ZrO ) in contact with graphlte completed 1000 of 1500
hr exposure at 1850°F and 300 psi.

Compatibility tests of "K" Morel, '"A'" Nickel, Inor 8, Hastelloy X,
zirconium and ercaloy 2 in contact with pure nitrogen were conducted for
100 hr at 1750°F at 300 psi. Visual examination shows that "A" Nickel
and "K'" Monel appear least affected by the nitrogen.

Air oxidation tests of "K" Morel and "A" Nickel were conducted at
1850°F for 4 hr at 1 atmosphere. Metallographic examination showed an
average oxidation penetration of 0.(0l-in. for "A" Nickel and 0.007-in.
for "K'"  Monel.

2, Craphite Coatings: The previous semiannual report stated that Aerojet
slllcou=silicon carbide covaliugs liad aboul 80% probability vl uou leaks.
Since then, development has made it possible to achieve leak tight coat-
ings 100% of the time as dectermined by a hot oil bath test. Some samples
of these coatings survived 350 hr in oxidation tests at 1832°F in air at
1 atmosphere pressure, although som: samples failed at less than 300 hr.
Representative samples produced at Aerojet and at 3M, tested for 300 hr
without failure, are shown in Figure 2., All graphite coated by Aerojet
with the present coating technique failed in the same way: the right
circular cylinders always fail at the bottom corner (as defined by the
position of the sample in the coatiag application furnace). Thus it
appears that failure is not inherent in the method of coating, but occurs
for one (or both) of the following reasons:

1) Temperature gontrel in the current furnace is inadequate, pro-
ducing inadequate silicon coating on the corners.

2) Failure 1s caused by large stress concentrations in Lhe LOdLLng
at the corners as the result of differential thermal expansion in
the two perpendicular directions.

Silicon-silicon carbide coating, according to the literature, is the only
coating that has had even moderate success as an oxidation barrier on
graphite in the temperature range of interest.

3. Graphite Joining: Graphite joints were fabricated using C-6 cements
and selected furfuryl alcohol cement mixes on parts of simulated fuel
elements and tensile specimens. A number of tensile tests conducted at
room temperature indicated that C-6 cemented joints produced tensile
strengths ranging from 300 to 400 psi. Tensile samples fabricated from
furfuryl alcohol mixes showed higher strengths, ranging from 1000 to
1700 psi.

4. Fuel Particle Coating: Fuel particle coatings are being investigated
as a means of achieving retention of fission products in the fuel element.
Five metals and their carbides were selected for experimental evaluation
as coatings (10 to 20 microns thick) on uranium oxide (UO,) and uranium
carbide (UC) particles about 100 to 150 microns diameter.” The program
includes applying the coating to UO, and UC, incorporating the coated
fuel in graphite, and evaluating any chemical reactions that occur be-
tween the coatings and the fuel and/or the graphite.
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FIGURE 3, 100uDIA. UO, COATED WITH 8 4 MOLYBDENYM METAL AT 80x,

Samples of U0, coated with molybdenum, supplied commercially by
NUMEC, were examined and found to have good uniform coatings (Figure 3).
According to the vendor, samples tested by acid .each tests revealed no
leaks. A purchase order was let to the vendor to procure spherical
uranium carbide particles coated with molybdenum, niobium and vanadium.
Uranium carbide particles coated with metal carbides will be evaluated
in the future.

5. Mechanical and Physical Properties: The mechanical and physical
properties of graphite, Zircaloy 2, "A'" Nickel and "K'" Monel were sur-
veyed and compiled.

6. Graphjite: Work on structural graphite consisted of literature search
and personal inquiries to vendors and to the technical personnel of other
concerns engaged in work with nuclear power and high temperature materials.
Results to date indicate that the graphite best suited for use as a can-
ning material should be fine grained and should be processed to 4712 F
during manufacture. It should be re-impregnated with a carbonaceous
material, either gas or liquid, during manufacture to reduce, or eliminate,
gas leakage through the material.

The results of tests performed by General Atomics and National
Carbon Co. show that the two best materials are impregnated graphite pipe
produced by Hawker-Sid%eky and impregnated research grades of graphite
produced by National Carbon Co.

NG
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The Hawker-Siddelky material is a relatively porous graphite that was
treated with a carbonaceous liquid (such as furfuryl alcohol) then heat
treated to carbonize the impregnetant, producing a stronger, more oxidation-
resistant graphite. Impregnated tub=s have held a vacuum of better than
10 microns for sevzral hours at 2732°F. This represents a reduction in
permeability of 10™ over the original material.

National Carbon's approach to the problem is liquid impregnation to
densify and form a disconnected pore structure. This material is still
in the developmental stage.

1+ Zircaloy 2: Specimens 3-in. long by 1-in.-OD were thermally cycled

100 times from 850 to 1850°F to determine the effects of thermal cycling
on Zircaloy 2 tubing and to verify information reported earlier. Exami-
nation showed that the samples grew 3.4 to 3.8% in length and acquired a

wrinkled surface (Figure 4&).

Accomplishments - June:

1. Compatibility Studies: Studies of the compatibility of solid graphite
with zirconium, Zircaloy 2, nickel-based alloys, and of the compatibility
of graphite coated with molybdenum, niobium carbide and zirconium carbide
with Hastelloy X continued.

Compatibility tests of graphite coated with molbydenum, niobium
carbide, and zirconium carbide in contact with Hastelloy X were terminated
after completing 3000 hr exposure at 1750°F at 300 psi. Visual exami-=
nation showed that all graphite samples retained a good, adherent coat-
ing. Metallographic examinations of the niobium carbide and zirconium
carbide coatings showed them to be somewhat porous yet uniform in thick-
ness (Figures 5 through 8). The average thickness of the niobium car-
bide coatings measured 0.005-in. and the average thickness of the zir-
conium carbide coatings measured 0.0014-in. Metallographic examinations,
carbon analyses, and tensile tests were conducted on the Hastelloy X
samples in contact with each of the coaled graphites. Neither metal-
lography nor carbon analyses revealed any diffusion of carbon into any
of the Hastelloy X samples.: Mechanical tests showed a decrease in
strength and about 90% loss in elongation and ductility.

Tests of the compatibility of graphite wilh "A'" Nickel, "K" Monel,
zirconium and Zircaloy 2 were terminated after completing 1500 hr ex-
posure at 1850°F in 300 psi. The metal samples are being examined.
Mechanical tests of the zirconium and Zircaloy 2 samples =shawed about
20% loss in streunglh without noticeable change in elongation and
ductility.

2. Graphite Coatings: Outgassing:'and silicon-silicon carbide coating of
graphite samples continue. The results are encouraging. Several samples
withstood 400 hr exposure in air at 1832°F without failure during oxi-
dation tests.

3. Graphite Joining: Graphite joints were fabricated with furfuryl
resin binders, graphite flours, C-6 and C-15 cements and tensile tested.
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ZIRCALOY 2 TUBING

A= ORIGINAL LENGTH
B= FINAL LENGTH
= GROWTH

AFTER 100 THERMAL CYCLES BETWEEN 850 TO 1850°F,
3.4 TO 3.8% GROWTH IN LENGTH,

=25~ FIGURE 4
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FIGURE 5, ZIRCONIUM CARBIDE—COATED GRAPHITE AT
100x, AVERAGE COATING THICKNESS ABOUT 0.0014 in,

FIGURE 6, ZIRCONIUM CARBIDE-COATED GRAPHITE AT
500x, NOTE THE VOIDS INDICATING POROSITY.
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FIGURE 7, NIOBIUM CARBIDE-COATED GRAPHITE AT 100x,
THE THICKNESS OF THE COATING IS FROM 0,0002 ¥0 0,006 in,

FIGURE 8, NIOBUIM CARBIDE-COATED GRAPHITE AT
500x., THICKNESS OF COATING i8S 0,0002 in,

_27_



Report No. IDO-28558

A combination of furfuryl alcohol with C-6 achieved about 2000 psi, al-
though tensile strengths were inconsistent.

4, Coated Fuel Particles: A state of the art survey was completed on
particle coatings.

No additional coated fuel particles will be purchased until the
quantities on hand are evaluated, and further investigation is made into
the processes used at other laboratories.

5. Mechanical and Physical Properties: A literature survey and experi-
mental tests continue on graphites. Results of preliminary tests in-
dicate that Grade H molded graphite (from Speer Carbon Co.) is as strong
as conventional graphites.

Mechanical tests of Zircaloy 7 tubing after thermal
cycles from 850 to 1850 F for 100 cycles showed about 25% increase in
strength with 997 loss in elongation and ductility.

6. Capability and Test Equipment: An optical pyrometer (capable of
indicating temperatyres to 7592 F) was received and used.-

A "Brew'" high temperature (4532°F) furnace heater was ordered.

Four "Hevi- Dutg" tube furnaces were ordered. These are capable
of operation at 2200 F.

A 100 kva motor generator set was secured from USAF surplus by
IDO and installed at Aerojet. An induction furnace fixture was designed
and fabricated. It was demonstrated that the furnace has a temperature
of 4352°F for a piece 4-in.-dia by 12-in-long in a vacuum or in a con-
trolled atmosphere, using a graphite susceptor crucible with zirconia
bubbles for insulation.

The induction furnace was used for sintering Be0=U0, [uel pellels
(ML-1) in hydrogen, in helium and in vacuum during process development
before the Harper sintering furnace was installed.

Ggaphite pieces (about 30-in.-long by 1%-in. dia) were de-gassed
at 3632 F and less than 1 micron pressure for use in fuel element
mechanical development tests.

The furnace is being used to develop a liquid metal interlayer
"self-healing'" graphite fuel element.

Anticipated Accomplishments - July:

Results from compatibility tests of samples of "A" Nickel, "K"
Monel, z‘rconium and Zircaloy 2 in contact with graphite exposed for
1500 hr at 1850°F at 300 psi will be reported.

Graphite joints will be fabricated with a combination of furfuryl
alcohol and C-15 cement, and tested.
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OQutgassing and silicon-silicon carbide coating. of high density
graphite samples will be continued in an effort to make reproducible
oxidation-resistant coatings on graphite.

The processes of coating uranium carbide with metallic carbides
will be further investigated at other laboratories.

D. .FABRICATION AND STRUCTURES DEVELOPMENT. (Task 49-400) v -

The thermal cycling loop described in the previous semiannual

report (ID0-28549) was assembled and checked out. WNo further work was
undertaken.

=29 .-



~ THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



Répbré}ﬁb.vIDOF28§58

III. THE-ML41

A. SUMMARY

1. Major Events:

a. January through May:: Activation measurements were made in the Lid
Tank Facility in January. The results were the basis for changing the
shield design by replacing some of the structural .steel with alumlnum,
and 1ncorporat1ng a polyqtyrene neutron shield.

Re-analysis of.stresses,in the tube sheet indicated high stresses
in-certain regions. Moderator water passages were incorporated in the
tube sheet.

Design of most of the reactor package (including pressure vessel;
shield, auxiliary tank and control blades) was completed and fabrication
initiated. Fabrlcatlon is progre581ng satisfactorily.

An alloy (8OA silver/15% indium/5% cadmium) was selected for the
ML-1 control blades on the basis of ductility tests, corrosion tests
and neutronic calculations. oo

‘A critical experiment was performed at BMI on the ML-1 configura-
tion with pin-type fuel elements. = The crltlcallty predictions were cor-
firmed, but the fuel flux depress:on in the inner seven pins was found
to be less than calculated. Consequently the fuel loadings were modi-
fied to equalize surface temperatLres.

The designs were éompleted”on the Stratos and Clark turbine-com-
pressor sets, and appear to be satlsfactory Contracts were negotiatec.
for fabricating the T-C sets.

The design of the altefnator'was completed and fabrication initiated.
The 50-hp starting motor will be attached on the end of the alternator.

.The recuperator design selected is a four pass, shell and tube heat
exchanger. The design was completed .and core tests were made to deter-
mine heat ‘transfer and pressure drop characteristics. ‘A contract was i..
negotiated for fabricating the recuperator. '

The design of the pre-cooler was.changed to incbrporate the moder-
ator and oil coolers, and the number of fans was increased from six to
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eight. The pre-cooler design selected is a straight finned .tube, and. the
design of the heat exchanger was confirmed by core tests. ‘A contract was
negotiated for fabricating the pre-cooler.

Construction work started on the ML-1 facility at NRTS.

Design and fabrication continued on schedule for the ML-1 controls
and instrumentation, and the ML-1 .auxiliaries.

b. June: Fabrication progressed satisfactorily on the reactor package.

Heat transfer and pressure drop core .tests were completed on the
recuperator. The pressure drop on the tube side was higher .than antici- -
pated, apparently because the external fimming operation constricta’ the. tube,

Budget limitarions made it necannary to discoutiunue plunning for
life tests nf the heat exchanger.

2. Prublem Areas: The requirement of a 15-ton maximum package.weight
for the reactor and power conversion skids continues to be a problem.
The nominal reactor package weight is 29,900 1b. Weight estimates are
being confirmed by the actual weights of components.

The problem of removing shutdown heat is under continuing investi-
gation.

3. -Schedules:The achievement of the final scheduled. mllestones st111 ap-
péars attalnable, ‘although some’ 1ntermed1ate mllestons have' s11pped The
pacing itéms are the reactor tube bundle, fabrlcatlon of tungsten for con-
trol bladé shields; the’ turbiné-compréssor sets; and.the fuel elements.

B. REACTOR ENGINEERING

1. Control Blade Actuators (Task 58-1XX) ’

Summary - January through May:

Fabrication of the control rod drive shaft and . dashpot assembly
was started and completed during the period. It was discovered during
assembly and testing that .the dashpot housing was difficult .to center
over the shaft, and .that the dashpot housing galled on.the shaft. -A
ceitter ing rlug added €o the housing remedied this difficulty and eased
assembly,

The static .seals were tested to find a satisfactory seal that would
not be subject to radiation damage. This investigation is continuing.
Rubber "0" rings.are being used throughout except near the radial shield
where radiation dosage is high. The information .available leads to the
conclusion that silver-plated stainless steel . -"O" rings best meet . .the
requirements of the ML-1 c¢ontrol system. Other metallic seals are
too dependent on high surface finish .and precise control of groove depth.
A mechanical face seal (made by Sealol Corp.) was found to be preferable
to -rubber !"O" rings for the dynamic seals in the system from the
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standpoint of radiation as well as sealing efficien&y;

The double universal joints at the ends of the control rod drive
shaft were both tested and found to'be suitable..One is a special Oldham
coupling-type design and the other an Apex double universal joint. '

Tests of the.prototype drive shaft housing and dashpot assembly
revealed that the dashpot chamber pressure is no more than 20 psi. It
was difficult to establish proper working clearances between the dashpot
vanes and housing. The best vane material tested to date is bronze. The
optimum clearance between vanes and housing is 0.001-in. The housing is
AISI Series 300 stainless steel. The vanes were grooved to increase
turbulence and pressure loss between them and the housing to obtain more
damping. However; the effect of the grooves proved negligible. Pressure
has little effect on dashpot operation but damping is directly related
to the viscosity, and thus the temperature, of the water.

No damage resulted to the system when the dashpot and control blades
were scrammed dry.

The design of the actuators was nearly completed during the period.
Fabrication of the prototype actuator reached 507% completion.

Accomplishments - June:-

Static seal testing was continued on a silver-plated stainless
steel "O'" ring. This seal proved less sensitive to surface finish and
precision of groove depth than other types -of metallic seals. A study
of the resistance of asbestos-filled gaskets to:radiation damage revealed
that the material would be satisfactory in the actuator region, but of
doubtful value at the flange near the inner radial shield. A Stainless
steel asbestos-filled gasket (Spirotallic) sealed well under all test
conditions. However, at this time the silver-plated stainless steel
"O" ring seals seem to be the most suitable for use in the ML-1 control
blade system.

Tests were continued with a dashpot using chromium-plated 17-PH
stainless steel vanes in an effort to eliminate galling of blades against
the dashpot housing. No improvement was noted over the performance of
the bronze blades. Burnishing MoS2 (''Molycote'') into the dashpot housing
and vance surfaces effected an improvement. ‘Investigations in the area
will continue.

A prototype shim-scram actuator was assembled and tests show that
modifications are unnecessary. The regulating actuator is being assembled.

The 8-in.-dia bellows that joins the dashpot to the actuator housing
was ordered, and delivery is expected in July. A fixture was designed
for holding and for use in handling the bellows during welding and when
the flange is being bolted to the actuator housing. The jig will .also
serve as a seal at the dashpot to permit leak testing the reactor moder-
ator system with all control blade shaft housing mounted on the 'reactor.
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. The 17-PH stainless steel for the Apex double universal joint was
procured by Aerojet and transmitted to the vendor for fabrication,
with delivery promised in August, or earlier. The complete system will
be tested, however, with one of these universal joints ordered for evalu-
ation tests.

A jig was designed to permit placing the actuator on its mounting
plate and slldlng it inteo place,; properly 1ndexed to mate with the tang
on the end of the drive shaft. : : ,

Electrical control equlpment for automatlcally cycling the actuators
was received. .

A time etudy ohowed that &, gskilled mechanic can replace an actu-
ator in the field in about three minutes.

Specificarions were written for shock and vibration tests of the
control blade system. : :

Drawings for the control blade system are complete.

Anticipated Accomplishments - July:

Silver-plated stainless steel '"0" rings will be received and will
be tested on the aluminum/steel joint at the actuator housing.

-Dashpot vanes will beé surface treated to eliminate galling, and
tested. Automatic cyclic endurance tests will be performed on the proto-
type shim-soram and regulating ALLuaLULb

The equipment for the pressure vessel control blade test will be
received and installed. :

The B-in.-dia helloys ﬁill be roeocived.
The jig'for holding and handling the bellows will be built.

Fabrication will be completed on the dashpot and dr1ve shaft hous-
ing assemblies. .

Fabrication of actuators will reach 80% rompletion.

2. Reactor Shielding (Task 58-200)

a. Mechanical

Summary - January through May:

The material for the outer shell'of tﬁe inner radial shield was
established during January as aluminum instead of stainless steel. 1In
addition, lead was successfully bonded to stainless steel and tungsten
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for use in the ML-1 reflectors, and fabrication was initiated on a test
reflector can. :

Bid packages were released to obtain tungsten for the blade mount
shield. Aerojet, Downey, was authorized to begin fabricating the ML- 1
shield baffle. A baffle weld test program was sufcessfully completed
at Aerojet, Downey. Stainless steel forglngs were .received for use in
fabricating the bhaffle can. : -

Detailing bf'the ML- 1 shield components was cbmpletéd during April
and May. -Aerojet, Downey, was authorized in Apr11 to fabricate the ML-1
radial and.end shield . assemblies. - -

A purchase.order covefing tungsten for.the blade mount shield was
let to a vendor. Bids were requested for fabricating the-ML-1 reflector
and blade mount shields.

An additional thermal stress test was dnitiated on the reflector
in May to obtain test data to back up.the results of a previous test.

-Accomplishments - June:

The radial and end shields are being fabricated. Part of. the lead
was received, and the remaining material was ordered.

. The baffle assembly is being fabricated aﬁd is about two weeks
ahead of schedule.

The reflector. and blade mount shields are belng fabricated. .All
parts were ordered from one yendor. .

.The tungstenAinserts for the baffle were sent to Aerojet,.Downey.
Two tungsten inserts.for the reflectors were received and .a third is in
transit. :The tungsten for the blade mount shield is being expedited
.and will be ultrasonically inspected.

A test can is being fabricated for the thermal stress test on .the
reflector. :

-All fadial:and;eﬁ& shield drawings were released to Aerojet, lowney.

Anticipaﬁed Accomplishments - July:

Fabrication will continue on .the radial and end shields.
Fabricationlwill continue on the baffle assembly.
Fabrication will continue on the reflector and. blade mount shield.

Tungsten for the inserts will be received at Aerojet, San Ramon,
and seént.. to the vendor. : -

The thermal. stress test wiil be. completed on the reflector.
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b. Nuclear

Summary - January through May:

1) Lid Tank Experiment: Data from a series of experiments performed at
the ORNL Lid Tank Facility was used to establish a reference shield de-
‘sign by December 1959. (In these experiments. the proposed shield was
mocked up in slab geometry.) Stainless steel and aluminum foils were
used in additional activation measurements. at the Lid Tank Facility in
January. These activation measurements included both gross counting and
gamma spectral counting of foils located on the mock-ups of the radial -..
and end duct shields. The results of the activation analysis were re-
fined to determine the .thickness of lead required for the gas. duct and
end shielding. To chicld against horizontal peuelralion in.the direc¢tion
of the cab, 3.75-in. of lead will be used. The radial shield design was
changed as a rcuullt uf daca from the Lid Lauk Experiments to replace with
aluminum the outer stainless steel canning of the inner lead shield.

This change will reduce the contribution of the stainless steel cannlng
of the inner lead shield to.the shutdown dose rate.

-Data from these experiments also were used to refine calculations
of the shutdown dose rate 25-ft from the reactor centerline in the direc-
tion of the cab. -Additional calculations determined the shutdown levels
at the back side of the shield as well.as in the axial directions above
and below the reactor. These calculations show that the radiation levels
established as design criteria for the case of a year of full power
operation will be met with.the power conversion.skid in place. (These
criteria include 15 mr/hr 24 hr after shutdown 25-ft .from the reactor
centerline in the . direction of the cab; 100 times this level in the axial
" direction; and 10 times this level in all other directions.) .These
calculations may be in error by a factor of 12.

The dose rate due to neutrons streaming through the gas duct during
reactor operation was calculated for a location 500:sft horizontally from
the core centerline. These calculatrions were based on oxtrapolation of
data obtained in traverses of the edd duct mock-up during the Lid Tank
-Experiments. The resultant level at 500-ft is above the 5 mr/hr estab-
lisghed as a design. objective. 1If this.situation is.confirmed by, ML-1
operational measurements, the dose rate could be reduced by the use of
expedient shielding.

Further Lid Tank measurements are proposed to obtain more refined
data on .duct streaming during operations. Previous measurements were
-limited 'by the physical location of.the equipment inside .the duct. Slight
modifications will permit measurements. outside the tube, thus greatly
reducing the extent to which.the measurements are dependent on analytical
techniques. Drawings of these modifications were completed.

2) Photoneutron Experiment: An experiment was proposed to determine

the magnitude of the photoneutron intensity from the Be(4 ,n) reaction
in the ML-1 core. Five cans of BeO will be inserted in the GCRE-I core
immediately after shutdown .and the photoneutron intensity measured with
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a long counter placed near the radial shield. The cans were fabricated
and filled with Be0O, and the long counter is available. The photoneutron.
experiment is scheduled to be completed during July..

The magnitude of the photoneutron dose date at 25-ft from the
reactor centerline 24 hr after shutdown with the moderator and shield
water drained was calculated with the SNG code to confirm the results
of earlier calculations. The calculations showed a dose rate of 1.7
mrem/hr through the shield, including 20-in. of polystyrene. (Previous .
hand calculations showed a level of 1.0 mrem/hr.) The photoneutron
experiment will eliminate the uncertainty associated with the values for
photoneutron source strength used in. these calculations.

3) Radiation Damage Tests: Capsules containing borated and non-borated
samples of polystyrene were subjected in the MTR to an exposure equivalent
of one year full power operation in the ML-1l. The non-borated material
was highly discolored but appeared to be structurally sound. As a result
of this test, the polystyrene shield was re-located 3-in. further from

the center of the core to ensure reduced radiation damage.

Samples of the stainless steel gas duct, spray coated with boron
carbide, will be irradiated in the GCRE-I reactor to evaluate the effec-
tiveness of the bond between boron carbide and stainless steel. Further
radiation damage tests of polystyrene will be performed in the GCRE-I
reactor where the neutron flux distribution is more similar to that in
the ML-1 than in the MTR. These tests are scheduled to start 1 August.

4) Neutron Flux Distribution Codes: Several codes are available for
use in calculating neutron flux, in addition to the SNG code.

1) SNG Neutron Transport Code: Used to calculate a 16-energy
group neutron flux distribution through the-ML-1 shield.

2)- GRACE-I Code: A multi-group, muglti-region, 'gamma ray attenu-
ation code designed for computing gamma ray heating and dose rates
in infinite or semi-infinite slab shields. This code is being used
to calculate the operational levels measured in the Lid Tank
Experiment.

3) FADE-I Code: Written and checked at Aerojet, San Ramon, this
code is designed to calculate activities and fluxes from raw data
for any power level, radiation and decay time desired from physical
and nuclear data for any number of foils counted any number of times.
This code will greatly reduce the time required to analyze experi-
mental data from future Lid Tank and GCRE-I shielding measurements.

4) ELSA-I Code: Written and checked at Aerojet, San Ramon, this
code is used to calculate dose rates from line sources with vary-
ing shield and source distributions. The code will be useful. in

many calculations involv1ng handllng fuel elements, removing con-
trol rod shafts, and soron.. '
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Accomplishments - June:

1) Lid Tank Experiment: Drawings of the components needed for the Lid
Tank Experiment were completed. Aerojet, San Ramon, is preparing to
build the parts. The planned measurements are scheduled to be completad
in September. A

2) Radiation Damage Tests: Irradiations of éolystyrene and spray-coated
stainless steel in the GCRE-I are scheduled to start about 1 August.
Preparations are being made for these tests.

3) Foil Irradiation: Irradiation of stainless steel foils in the GCRE-I
is scheduled to start 1 August to confirm the build-up of long-lived
Lsotopes.

Anticipated Accomplishments - July:

1) Lid Tank Experiments: Fabrication will be in process for those parts
needed to complete modification of the end duct assembly.

2) Photoneutron Experiment: The photoneutron source strength measure-
ments will be completed, and the results will be applied to the ML-1
shield.

3) Radiation Damage Tests: Preparations for the insertion of capsules
of polystyrene and spray-coated stainless steel in the GCRE-I reactor
will be complete.

4) Thermal Rcoiostance Measurement: Measurements to assess the thermal
resistance of bonded lead-tungsten and lead-stainless steel will be in
process.

Reactor Auxiliarie ask 58-300)

Summary - January through May:

a. Shield Tank: Conceptual design of the shield tank was completed,
and assembly drawings were approved for construction. The drawings
were released to Aérojét, Downey, for fabricdtion. "Fabrication of
the shield tank. was:25% complete .by the ‘end of the period.

The power conversion skid to reactur skid interface connectiono
for the gas system were approved.

b. Moderator and Shield System: Design concepts and calculations were
completed for the heat transfer and pumping equipment.

The layout assembly drawings were 507 completed for the moderator
and shield system. Specifications and bid packages for system components
were released for bid.
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Vendors were selected for the shield water heat exchanger, the main
moderator pump, the standby pump, the shield water pump, and for the moder—
ator demineralizer. Purchase orders for this equipment were either
releasedor’in process at the end of the period.

A piping and instrumentation diagram was approved.

The requlrements for process and analy31s instrumentation were
defined and approved.

A partialmodél. of the moderator pumping system was fabricated to
aid in laying out drawings.

c. Afterheat Removal: The problems of removing afterheat were studied.
It was concluded that two afterheat removal systems are required for the
ML-1. One system will be needed when transporting hot cores. A second
system is planned for operations at NRTS to assess the magnitude of the
problem of afterheat removal in case of accidental loss of coolant. These
systems are being investigated, and .will be reported on soon.

d. Special Tests: A test was conducted to define operational problems
associated with the 107 boric acid solution in the shield tank durlng
make-up, steady state operation, and reactor shutdown.

A flow model of the tube sheet passages was fabricated and tested
to determine reactor flow resistances and to aid in sizing core passages.

Accomplishments - June:

The urgency of design work limited the effort devoted to afterheat
removal. (Additional personnel were assigned before the end of the period.)
Investigation.was continued on removal of afterheat during transportation.

Bellows section drawings were 75% completed.

A purchase order was issued for the moderator water de-mineralizer.

A partial flow model of the moderator passage is being fabricated.

Anticipated Accomplishments - July:

Shield water and moderator water system assembly draw1ngs will be
75% complcte. , ./

Investigation of afterheat removal problems will continue.
Solenoid valves, hand valves and flanges will be ordered.
Bid packages will be released for the expansion joints.

The socurces and types of blanket heaters ﬁill be investigated.
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Drawings of the interface for the moderator system between the
reactor and the power conversion SkldS w111 be completed and approved.

Tests will be conducted with the flow model of the reactor core.

4., Pressure Vessel (Task 58-400)

Summary - January through May:

The major components: for the pressure vessel are being fabricated
at Aerojet, Downey. Vendors will perform hélium mass spectrometer leak
checks and strain gage :tests on the assembled pressure vessel.

A contract was awarded for fabricating the test unit for the wpper
flange joint test, and the tact unit fahriented. The fiisl tusl uf the
upper flange joint failed because Of plastic deformation of the seal
ring. An AISI Type 347 stainless steel seal ring was replaced by one
made of AISI Type 410 stainless. After the new seal ring was completed,
testing proved the integrity of the seal design. The tests included
helium leak, hydrostatic and elevated temperature tests. The ability
to make, break and re-make the joint was demonstrated.

Tests were performed to evaluate the 10-in. Grayloc seal (AISI 304L
stainless steel) with an AISI Type 4130 stainless steel assembly. The
first test failed due to 0.019-in. ovality of the hub after the weld
operation. The vendor subsequently achieved an ovality of 0.005-in.
and tests were successful. Helium leak tests were performed at 350 psi
pressure and 3000 ft-1b bending moment.

A preliminary helium leak test was successfully completed on a 10-in.,
stainless steel assembly before the vendor determined that cold rolling
the lead-in lip edges of the seal improved performance. The seal ring
was returned to the vendor to have the lip edges coldJrolledn

The tube expander, tube trimming fixture, automatic welding fix-
ture, tubes and tube sheet forgings for the tube-to-tuhe sheet joints
were available at Aerojet, Downey, in February. The more important de-
sign parameters for this joint were established by tests performed at
Aerojet, Downey. The program to develop a tube-to-tube sheet joint and
the necessary fabrication methods and techniques were carried out during
the period. :

Re-analysis of stresses in the tube sheet indicated that stresses
at the junction of the tube sheet and the plenum exceeds the yield strength
of the material. Modifications to the design brought the stresses within
the yield strength of the material, in some cases by eliminating or re-
ducing stress . concentrations, and in others by adding material to provide
adequate strength. These modifications were kept within the dimensional
limits of the existing rough forgings.

Increased values for the temperature profiles in the ML-1 tube sheets
resulted from the use of more accurate methods of calculating the
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contributions of conductive and nuclear heating to tube sheet tempera-
tures. Stress calculations based on the higher temperatures indicated
unsafe operating stress levels. Coolant passages were then incorporated
in the tube sheet midway between faces, thus reducing the temperatures
to obtain satisfactory stress levels. '

The design for mounting reflectors and control blades to the plenum -
was revised by substituting a circumferential: groove for the multiple’.
slot arrangement. The hooked ends of the components, in the current
reference design, will be held in the circumferential groove by cap
screws. Azimuthal positioning is achieved by slotting only for the six
control blade mounts.

The pressure vessel plenums are being fabricated.

Detailed fabrication ‘and assembly procedures, and a schedule were

-completed in preliminary form for the ML-1 reactor. These procedures

identify all tools, fixtures, reactor detail parts and assemblies, and
provide instructions for the proper assembly sequence. The preliminary
draft, and revisions, were used to coordinate assembly and fabrication
fixtures with fabrication of reactor parts.

Gas ducts, expansion joints, seal bellows, and insulation designs
were completed. Bids were let for the upper and lower moderator water -
seals. Bellows are being fabricated for the duct-to-reactor tank seals.
A contract was awarded for fabricating the lower moderator watér seals
with delivery scheduled for late July. Drawings were completed for the
boron carbide-coated gas duct, for the gas duct 1nsu1at10n, and for the
tube sheet insulation, Bellows for the gas duct, the 90° elbows, the
10-in. pipe, and the upper moderator seal were received. .

The ML-1 pressure vessel was revised by providing dowels and keys
for carrying to the primary support structure the torque loads transmitted
to the pressure tube bundle. Drawings were c¢ompleted for the upper and
lower cap sub-assemblies of the pressure vessel and the split support
ring. Three major assembly drawings are in process.

Pressure vessel instrumentation will be limited to strain gages.

Fabrication of the assembly cage is about to begin.

Accomplishments - June:'

Strain gage locations in the tube bundle were determined but the
drawing was not completed.

Tube sheet insulation drawings'were released for fabrication,
A die was completed for use in dimpling the insulation sheets, and

was tested on sample configurations. Fabrication of the insulation assem-
bly for the 90° elbow was started. All insulation drawings were released.
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The upper plenum insulation was slightly modified before release to
facilitate remote handling for the reactor cap. The effect of the
modified insulation on the temperature of the plenum wall was calculated.

Additional tests are being planned for the stainless steel Grayloc
seal for the gas ducts. Drawings and specifications for the upper flange
joint were received from the vendor and are being incorporated into exist=
ing drawings. A specification control drawing will be made of the seal
ring.

Drawings were released for those gas duct sub-assemblies to be
coated with boron carbide. Two elbows are being coated by a vendor. The
pipe and three remaining elbows will be shipped to Aerojet, Downey, for
assembly and coating. Five drawings of the gas duct assemblies and parts
are being held until connections are selected. Except for the final
assembly drawing, all other gas duct drawings were released. A detail
drawing of the upper gas duct support, inside the teactor tank, is being
drawn. However, the external end supports for the gas duct (for use in
transportation and fuel element change) have yel Lo be designed. Weld
neck flanges for the gas ducts are to arrive at Aerojet, San Ramon, no
later than 12 July. Drawings of the Grayloc connections that may be used
in the gas duct were received. Layout of the gas duct was changed in
accordance with a request from Aerojet, Azusa.

A revised preliminary reactor package assembly procedure was com-
pleted. A tooling list was completed based on the assembly procedure.
All major assembly tooling was released for fabrication and is about 50%
fabricated, About 75% of the design work is completed for the minor tool-
ing. The assembly drawing of the reactor core is being checked.

Anticipated Accomplishments - July:

The drawings of the pressure vessel strain gage instrumentation
aud the specificationo for ctrain gages, leads, ronnections and water-
proofing will be completed.

Bids will be requested for the tube sheet insulation and a contract
awarded. Fabrication will be started.

Plenum and gas duct insulation will be in fabrication.

A remotely operated discomnect clamp for testing the connections
for the upper gas duct will be ordered. The specification coutrol draw-
ings of the upper flange joint seal ring will be completed and released.
Additional upper flange joint seal rings will be ordered. Additional
tests may be performed on 10-in. Grayloc connections.

The gas duct subassemblies will be completed and sent to a vendor
for coating. The gas duct connections, for the interface between the
reactor and power conversion skids, will be completed and released. The
external gas duct supports will be designed. Connections will be ordered.
Possible methods of eliminating exhaust gas duct connections inside the

L\ ¥
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reactor tank will be explored.

The final reactor padkage;assembly'procedure.and schedule will be
completed. All tooling drawings will be completed and released for fabri-
cation. The assembly drawing for the reactor primary assembly will be
completed and the assembly drawing will be started for the reactor
package.

5. Control Blades (Task 51-850)

Summary - January through May:

The design of the blade mount was finalized and contracts let for
fabricating gears, shaft spline, investment castings for the supporting
structure, and ball bearings of 17-4H stainless steel. A spline was
developed for insertion of the driven gear in the blade mount and properly
indexed without binding.

Physical tests were performed on alloys of silver, indium and cad-
mium that seemed to have high nuclear control worth. Alloys with 60 to
75 wt% silver were found to be too brittle. The alloy selected has 807
silver, 15% indium and 5% cadmium: its reactivity control worth is 3
to 5% less than the other alloys tested, but it is ductile and has been
previously used as a control material. This silver alloy was ordered for
the reactor shim-scram blades. AISI Type 202 stainless steel was selected
for the regulating blades.

Accomplishments - June:

The reference silver alloy blade material was received.

The support structure castings for the blade mount were welded.
Shrinkage of the structure during welding was not excessive.

Half of the ball bearings for the blade mounts were received and
the vendor promised to deliver the rest in July.

All of the blade mount gears and splines were delivered. The
center to center distance for each set of gears was measured with an
accuracy of 0,0002-in. so that bearing holes can be jig bored within this
limit to minimize backlash.

The jig for holding the suppoft structure castings during welding
was modified to improve the results obtained from test welds. '

A jig was fabricated to locate the attachment holes of the blade
mount in relation to the bearing holes.
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Anticipated Accomplishments - July:

The blades and blade mounts will be fabricated and assembled, and
tests will be initiated.

6. -Special Studies (Task 51-810)

Summary - January through May:

A special study was. initiated for a device to locate. a defective
fuel element in the ML-1 core. Such a device would be used to detect
which of the 61.elements had a defective (leaky) pimn so the element could
be replaced to minimize contamimation. (Studies showed that a single de-
fective fuel pin.in the ML-1 might leak enough fission products to con-
taminate the power conversion equipmant nver a peoriod . of time.)

"The device is a plate holding 61 disks of silver screcm or acti-
-vated charc¢oal.lt can be inserted in.the top plenum of the reactor directly
.above the fuel elements. If the reactor is operated at low power with
direct ¢ycle air cooling and reverse flow, the fis$ion products (primarily
the iodines), leaking from a defective fuel pim.will be caught on the
screen or charcoal located above the particular element. When the device
is removed and the screens counted, high activity would reveal the loca-
tion of the defective element.

A small in-pile loop was designed and built .to demonstrate the
feasibility of the device. The loop was .designed as a reduced scale
model .of the ML-1 core. Permission to operate the loop in the AGN-201
was granted by the Reactor Safeguards Committee.

.Accomplishments - June;

Tests were run during June, operating the defective pimn test loop
in the AGN-201 reactor. Experiments showed that Hastelloy X-clad pellets
{0.241-in. OD) absorbed sufficient neutromns so -that the final warth of
the in-pile loop loaded with 10 pellets of demse highly emnriched U0y
(10.58 grams U-235) was negative about .0.1% Ak/k.

Two ambient air temperature runs were made with the in-pile loop’

in the reactor, the latter operating at 5 w for four hours. The first )

run. operated With two chanmels in parallel, omne .containing the leaky

fuel pin, the other a blank. Thio run showed that the silver screen,
located only 3-in. downstream from the leaky fuel pin (at 45% of the
neutron flux &t the pin) became so activated by neutron absorption (form-
ing Ag-110, T% = 270 days) that .it was impossible to show if. any fission
products indeed were caught and held by the silver. The fission .products
were caught outside the reactor on .activated carbom (Type BPL, 4 x 10
mesh, Pittsburg Coke and Chemical Co.) held in a column made. of 11
Polyvials, each holding about 5.7 grams of carbon. -Analysis of the
.activity held on this carbon one hour after reactor shutdown showed that
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the Polyvial .of carbon.caught.about 407 of the gross. fission products
entering the column. In comparison, the other.ten-Polyvials.caught only

. 7.6% of the fission products entering each in sequence. -Incidentally,

about 187 of. the gross fission products passed through .the activated

.carbon and were vented out the stack. This first run had 0.142 scfm

of air flowing in.each channel, giving velocities .of 11.2 ft/sec past
the leaky fuel pin, and 46.3 ft/min into the carbon. .The carbon.tem-
perature .averaged 77°F.

The second run used .three channels in .parallel, one containing
the leak fuel pin,. a second containing iodine crystals, and the third
a blank. Again the run showed .that the.silver screen became too acti-
vated to show.if fission products were held by the screen. The silver
screen ‘was. located . 15-in. .downstream from the leaky fuel pin. (5.5% of

. the neutron flux at the pin) comparalile to ML-1 conditions. 'The data
.from the channel.containing iodine crystals. showed that the silver.screen

held 45% of the activated iodine .(I-128; T4 = 25.min). It is. concluded
that the fission product iodines,. I-130 through I-135, have too .low a
yield to.be detected this way. This run also had activated carbon held
in 11 mm glass tubes in.the reactor.downstream of the silver screens in
addition to the carbon in Polyvials outside the reactor. The activated
carbon caught the gross fission products with about the same efficiency
shown in the first run; but the .carbon .inside .the reactor showed little
activity from aeutron absorption, thus making carbon_the.ﬁandidate for
the detector instead of silver. To.check.the ability of the carbon to
retain fission products when washed with water (as would be the case when
using it in.the ML-1l where installation . and removal must take place
through a 12-ft .deep pool of water) every’ other vial of carbon. in the
original .column was arranged.into a new column and .500 ml. of de-mineralized
water .was. re-circulated .through it ten.times. :-The carbon.retained the
activity without loss. .In the second run, the air flow in each .channel
was.0.148 scfm,igiving:velocities ofizl1.7cft{secspast”thé.ledky .fuel pin,
266 ft/min. .into the carbon.in .the glass. tubes, and 48.3 ft/min into the
carbon in.the vials. The average temperature of the carbon was 750F.

.Anticipated Accomplishments - July:

More runs will be made with the in-pile loop to .explore the effects

_of small leaks in .the. fuel pins, the . temperature function of carbon .ab-

sorption of fission .products, and the retention of. fission products.when
the carbon is pre- and post-treated with quantities of water,

7. Critical Assembly Support (Task 51-860)

Summary - January through May:

The experiments conducted by BMI on the GCRE and the ML-I1-IA
critical assemblies in.the past were reviewed early in.the report period.
Experimental data required by various ML-1 design groups were examined
to establish desired experimental accuracies and.the sequence for the
experiments. -An experimental. program was. established .after discussion
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with the critical assembly group at BMI to provide most of the infor-
mation required by the design group. As new experimental data were
generated, the program was reviewed and revised.

The highly enriched U0, powder for the ML-1-IB critical assembly
was received from the vendor in January 1960, Fabrication of fuel pel-
lets began in February after development of fabrication techniques.

Four different types of fuel pellets were fabricated (nomenclature
and approximate compositions are tabulated below). The fuel, in all
cases, was contained in a Hastelloy X tube with Epoun seals at both ends.
Except for Type III (sintered), the pellets were used green, unsintered.

NOMENCLATURE AND COMPOSITION OF FUEL PELLETS

MATERIAL TYPE I TYPE 11 TYPE IT TYPE TTI TYPE IV
PELLET PELLET POWDER PELLET PFLILET
U-235 (gm/pin) 58.9 20,2 19.6 75.0 26.6
AL,0, (wt%) -- 32,5 37.5 -- 16.3
PV A* (wt%) 1 1.75 - -- 1.9
Steratex (wt%) 1 ' 0.5 . -- -- 1.9
Graphite (wt%) T—- 2.5 -- L= 4.0
Teflon (wt%) 0.6 0.7 -- -- 0.9

*P V A - polyvinyl alcohol

The following materials and tést édiiipment were procured and shipped

to BMI for the test program:

1) Copper-cadmium alloy foils to simulate burnable poisons,

2) Cobalt alloy foils to determine reactivity worth of these
foils for use as. ML-1 reactivity shimming materials.

3) Test control blades to simulate the ML-1 shim-scram and regu-
lating blades for evaluation in the critical assembly.

The first fuel shipment (62 elements) reached BMI 6 April. These
"used Type I fuel in the seven central pins and Type II fuel in the 12
outer pino. Powdored fuel was used in the 12 muter pins of 49 of these
elements. The other elements used pressed pellets in 19 fuel pins.

Fuel for two sets of modified elements was fabricated to obtain
data on pin-to-pin power ratios with different pin-to-pin fuel loadings.
Each set consisted of a cluster of seven modified fuel elements. The
first modified elements were made with Type III fuel for the seven inner
pins and Type IV fuel in the 12 outer pins. The second set of modified
elements were made with Type III fuel for the inner pins, but using
Type II (pellet) fuel for the outer pins.
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Split fuel pins and specimen capsules were fabricated for use as
relative power detectors in obtaining pin-to-pin power ratio . data to
the desired accuracy. The fission product activity of the specimen
capsules after irradiation was taken as a measure of the pin-to-pin
fission rate. The required number of split pins and specimens capsules
were fabricated and shipped to BMI during the report period.

The core mock-up went critical on 12 April with 48 fuel elements
and with control blades worth 1% { k/k inserted.

The calculations used to predict reactivity of the 6l-element
critical assembly with a 39 kg loading were refined early in the report:
period. Fast neutron constants weighted with ML-1 neutron spectra were
used in these improvements. This refinement predicted criticality at 45+
fuel elements, and compares favorably with the 48 elements in the : _
experiment.

Preliminary data from BMI on the intracell studies of the first
and second modified elements were reduced. The :power ratio data.
is summarized in Table 1 on.the following:page. The effect of these
data on fuel €lement design is discussed .undér IB Analysis, Task 21-1XX
in Section IV, Fuel Element Development.

Accomplishments - June:

The experimental critical assembly program was reviewed and the
schedule revised. The revised schedule cancels most of the work on the
unpoisoned core, but increases the time allowed for intracell studies.

The intracell flux and power data taken from the '"l8-pin'" fuel
elements (this is the designation given to-a 19-pin element with an
unloaded central pin) were reduced and transmitted to the reactor physics
group for analysis. Further consideration of data on the measured activ-
ity worth of the silver-cadmium test blade was deferred in order to main-
tain closer liaison with the BMI critical assembly group. The high reac=
tivity worth of this test blade indicates that the reference ML-1 control
blades provide the requisite amount of reactivity control.

Eight Type II powdered fuel specimen capsules were fabricated and
shipped to BMI.

The Haynes 25 (cobalt alloy) foils were received and shipped to BMI.
Various thicknesses of these foils will be wrapped around each of the
seven central fuel elements to determine reactivity worth as a function
of foil thickness.

A pair of reference ML-1 regulating control blades was shipped to
BMI for testing. A pair of 70 wt?% silver/30 wt? cadmium test blades
was shipped to BMI for evaluation of the maximum worth of the shim-scram
control blades. Detailed control blade studies, however, will be made
using the reference ML-1 shim-scram blades. These blades are made from
a gilver/indium/cadmium alloy instead of the silver/cadmium alloy used
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- TABLE .1

REDUCED POWER RATIO DATA

(From BMI intracell studies on modified elements)

Central. Position (FE #1) =~ Peripheral Position (FE #49)

Parameters Total Epicad Thermal Total Epicad Thermal
I Mod #1

P3/P.2 0.915 0.501 %0 J1.066 | ..0.532 | .1.401

P3/P1 1.067 0.545 * 1.289 0.555 | 1.882

P_z/p1 1.166 1.088 * 1.209 1.042 1.344
IT Mod #2

Psvpz 0.732 0.414 1.025 0.274 0.412 1.016

Fa/p, | 0.867 | 0.441 | 1.358 | 0.958 | 0.448 | 1.388

F2/p, 1.186 1.065 1.325 | 1.238 1.086 1.365
III Mod #1' | ,

P3/P2 0.948 0.528 1.376 1.086 0.543 1.470

N .
An error was discovered in the experimental data which causes unduly
low thermal power .ratios at this point. A rerun of this experiment is’ -
‘being.considered. . = - - ’

Nomenclature:

;t P3 = outer ring power per pin
2. P2 = middle ring power per pin
3. P1 = central pin power per pin
4. Mod #1: 75 BX20S 26.6 BI2MS
inner pin ; . . outer pin
Mod #2: 75 " ; 20.2 "

6. Mod #1': 18 pin model of Mod #1



Report No. IDO-28558

-in the first test blades.

Anticipated Accomplishments'- July:

The experimental program will be reviewed to determine if additional
test fuel elements should be produced. The high reactivity worth of the
shim-scram blades may require a change in the schedule. It is possible
that the flooded core experiments may be completed early, in view of the
possibilities extended by the high reactivity worth control blades.

The experimental procedure for the detailed evaluation of the con-
trol -blades will be re-examined to provide more precise specification -
of the desired information. :

The intracell flux and power data on the first coreﬂloadihg and
the various reactivity worth data will be reduced and transmitted to the
reactor physics group for analysis.

~

8. Systems Analysis (Task 51-870)

Summary - January through May:

Several possible variations in the ML-1 power control system were
considered during January and February to determine the optimum control
technique or combinations of control techniques. The combination of
methods selected maintains a constant amount of gas in the system and
divides operations into three regions of the amblent air temperature -
range: below O°F, from O to 100°F and above, 100°F (Flgure 9).

1), Above 100°F: Turbine inlet temperature will be held constant
at 1200°F; compressor inlet temperature will increase with increased
ambient air temperature.

2) 100 to O°F: Turbine inlet temperature will be decreased with
decreased ambient air temperature in such a manner that maximum
power remains constant; compressor inlet temperature will decrease
with decreased ambient air temperature,

3) Below O °F: Turbine inlet temperature and compressor inlet
temperature will be held :constant at the values established for
0%F. The air flow will be reduced by reducing thé number and’
speed of the fans to maintain a .constant compressor:.inlet tempera-
ture. Maximum power will remain constant.

For loads less than the maximum at all ambient air temperatures
the bypass: valve will automatically open the amount required to regulate
frequency. The turbine inlet temperature set-point will be manually set
and automatically controlled. The compressor inlet temperature will be
manually controlled only.

Almost continuous effort was given to the problem of startingpower
requirement. It wac determined that the Clark Brothers t-c set set will
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start at about 850°F turbine inlet temperature at 50% of t-c set.shaft
speed. The starting requirements of the Stratos t-c set are expected to
be completed soon. X L

A table in influence coefficients was prepared during February,
March and April. These coefficients are partial derivatives of depend-
ent variables with respect to independent variables. As an example, the
net power output will decrease 0.41 kw for each 100 ft2 decrease in pre-
cooler air side flow area. These coefficients are intended to aid design
and operating personnel in evaluating the effect on performance of small
.changes in hardware characteristics. (Table 2 is typical of the influ-
. ence coefficients tables.)

The characteristics from the Clark final design report t-c set
were used to re-evaluate the system state points (Table 3 shows typical .
ML-1 performance data for 100°F ambient temperature). The characteristics
from the Stratos final design report are being used to determine the state-
points associated with the Stratos t-c¢ set under all conditions of load
and ambient air temperature.

The data generated at the GTTIF were examined in detail to ensure
that the ML-1 will receéive maximum benefit from. these tests. A prelim-
inary check of the mathematical method used for the ML-1 was obtained
from an analysis of the closed cycle tests at GITF. A scheme was devised
for analyzing test data. As additional data is obtained, a more compre-
hensive check will be made. This effort extended throughout the period
and is expected to continue.

Refinement of the CHOP (IBM-704) program for closed-cycle gas tur-
bine power plants continued throughout the report period.

The effect of pressure dependance of Cp on plant output, investi-
gated in April, showed that the initial assumption of Cp being a function
of temperature caused an error of 10-15 kw in the calculated net plant
output. This small effect is being included” in. all current power
calculations.

The output expected when operating at 50 cycles was also calculated
during April. Operating at 50 cycles will reduce the t-c set speed, the
air side flow rate for the pre-cooler, and the auxiliary power require-.
ments. After considering all effects, it is predicted that the maximum
power will be about 305 kw with the Clark t-c set. Fifty cycle operations
will also require more gas in the system than 60 cycle, using 315 psia
as the limit of reactor inlet pressures. .

The effects of possible changes in the reactor core on system per-

formance were considered during May. The results will be reported by
Task 21-300.

Accomplishments - June:

Work began on an estimate of the heat loss through power plant plp=
ing and through the shells of the heat exchangers and rotating machinery.
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p—

Until these calculations were begun, it was assumed that the piping was

isothermal. Preliminary results indicate the ambient air will increase

about 3°F in temperature as it passes over the power conversion skid on

its way to the pre-cooler. In turn, the maximum net output of the plant
will decrease by about 7.5 kw.

Startup of the Stratos 670 t-c set was determined to be different
than that of the Clark t-c set, and a full speed starting motor will be
required. The turbine inlet temperature for startup will be higher than
that required by the Clark machine. '

Steady-state state-points are being determined for the full spec-
tra of ambient air temperatures and load. Initial results indicate that
the Stratos t-c¢ set will deliver about 70 kw less at maximum than the
Clark machine. This effort will be continued.

Analysis of GTTF test data continued.
Preliminary resultsc were received firuwm the heat exchanger core -

tests. A cursory examination indicates a slight power decrement will
result from the increase in pressure drop on the recuperator tube side.

AT

Anticipated Accomplishments - July:

The energy balance calculations for the power plant will be
completed.

The calculations for the startup problem will be completed.

The steady-state state-points for both the Clark and Stratos t-c
sets will be re-evaluated, including consideration of the heat exchanger
core test data.

9. Operational Planning (Task 51-2380)

Summary - January through May:

For the final Hazards Summary Report, the rvadiological hazards were
calculated for a postulated major excursion of the ML-1 recactor. Radia-
tion exposures and ground contamination were calculated as a function of
distance from the reactor site, based on an excursion energy release of
300 Mw-sec and an extensive operating history. The hazards considerations
include the possible toxicity problem of BeO.

Work on an ML-1 facility manual started on a limited basis. A lay-
out was completed showing the floor plan of the auxiliary control build-
ing with the placement of all facility office furnishings; and a floor
plan of the test building, showing the initial operating location of the
power plant and all applicable auxiliaries.

The ML-1 test program and test procedures.were started. A rough

draft was completed of the schedule for the ML-1 critical experiment,
including a draft cf the’initial criticality procedures. .
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Methods were investigated for calibrating control blades, for calibrating
the nuclear power and for flux mapping. By the end of May, the initial
draft of the test program and test schedule for operating the ML-1 at
NRTS was about 80% complete.

The neutron detector positions in the shield tank were established,
based on flux levels predicted for the ML-1 and assuming a neutron source
of 3 x 10/ neutrons/cmz-sec., to support the instrumentation program.

An outline of the organization needed for the proposed operations
of the ML~1 was nearly completed. The outline includes formal.job descrip-
tions for each engineer and operator.

The size of the start-up neutron source for the ML-1l was reviewed
and procurement initiated. Procurement of special test fuel elements for
power calibration and flux mapping was initiated.

Accomplishments -~ June:

The organization of the proposed ML-1 operations crew for NRTS was
completed, including formal job descriptions of each engineer and operator.

An initial draft was published of the test program and test schedule
for operation.of the ML-1 at NRTS.

Operating manuals were outlined for the ML-1 power plant.
Work on the ML-1 lHazards report achieved 90% completion.

A start-up neutron source and special test fuel elements are being
procured for the ML-1. ’

Procurement was initiated for counting equipment for the criticality
experiments. ‘

Anticipated Accomplishments - July:

. Work on the ML-1 hazards report will continue and an initial draft
will be completed.

Work will begin on writing operating manuals for the ML-1.

Work will begin on a detailed test program and on the procedures.

10. Critical Assembly Research (Task 51-890)

Summary - January through May:

This task was essentially inactive until 6 April when the first
shipment of fuel elements was reccived. The fuel elements were X-rayed
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immediately, but no significant number of pellets showed evidence of
damage. The copper/cadmium burndble poison foils were cut, weighed and
installed to simulate the reference ML-1 burnable poisons. -

First criticality was attained 12 April with a loading of 48 fuel
elements (31.1 kg of U-235) and about 1% worthiof reactivity inserted in
the core. The predicted loading for Keff = 1.031 (2.1% to overcome the
burnable poison) was 29 kg for a 61 element core and more for a 48 ele--
ment core. These figures compare favorably with experimental results.
Additional reactivity poison in the form of steel shim stock, (0.028-in.-
thick) was wrapped around each of the fuel elements. Power level and
control blade calibrations were completed in preparation for the initial
studies of intracell flux and power distribution.

Intracell flux and power distributions were determined for the
flrct and second mndified clusters of fuel elements. These fuel elements,
and sume of the experimental rooculte, are descrihed under Task 51-860,
Critical Assembly Support. Flux and power detectors were placed in and
around thc central fuel element of a cluster of seveu modified elements.
These measurements were taken with both bare and cadmium-covered detectors
to separate the epicadmium flux and power from subcadmium. values. '

The modified clusters were investigated at both the central anda
peripheral position of the critical assembly core to evaluate the effects
of the flux skewing across the peripheral elements. : :

Accomplishments - June:

The intracell flux and power measurements were completed on the.
"18-pin" fuel elements (these are the 19-pin elements used with an un-
fueled central pin). The measurements were made at two different posi--.
tions of the critltal asseuwbly core, the central and a peripheral position.

The critical assembly control blades were calibrated to prepare for
the series of reactivity worth measurements. The temperatire coefflcleutl
of the moderator was determined with the moderator temperature near -~
ambient.

The reactivity worth of the shim-scram blade neatr 1its maximum worth
position was measured. The measurement was made using a pair of test shiw-
scram blades made of a 70% Ag/30% Cd alloy.

The reactivity worth vf fuils of Haynea 25 (cobalt-based) alloy is

being measured. In these measurements, various thicknesses of cobalt
alloy foils are wrapped around each of the seven central fuel elements.

Anticipated Accomplishments - Jﬁly:

Measurements of reactivity worth will be completed on the cobalt
alloy foils, the copper-cadmium burnable poison foils, the steel:-shim. ..
stock foils, the peripheral fuel elements, and the modified fuel elements.
The reactivity worth of the reference ML-1 regulating blades (AISI Type 202
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stainless steel) will be measured near maximum worth position.

The flux and power distributions over the whole core will be deter-
mined, both radially and axially.

The distribution of intracell flux and power in the fuel elements
for the first core loading will be determined. These intracell measure-
ments will be taken in elements containing both Type II fuel pellets and
Type I1 fuel powder.

11, ML-1 First Core Fabrication (Task 53-8XX)

Summary - January through May:

Procurement was initiated in late Fabruary for such long lead items
as U0y pellets, UO, powder, and alloy stock for pin tubing. Bids were
prepared in May for inert components except poison foil and shims. An
additional 1600 1b of low-cobalt Hastelloy X ingots, ordered because of
the long lead time required, made possible expeditious replacement of
material ruptured by the vendor during forging. The initial delivery in
April of U0, pellets from a vendor was acceptable: the rejection rate
was about 17%. (This delivery was delayed by re-processing to eliminate
excessive fluorine before pelletizing.)

Developmental: fabrication of Be0O-UO2 fuel pellets for the IB-2L
core was successful. Uniformity of product and consistent production
rate are the most serious problems to be solved.

The first nonfueled ML-1 element was assembled for use in mechan-
ical and structural evaluation as well as a check of assembly design.

Accomplishments - June:

Bids were awarded on all inert parts except poison foils and shims.
The latter items are being re-designed. A section of the spider casting
was increased in size to improve high temperature stability.

The fuel development facility was committed to fabricate Be0O-UO2
pellets for the IB-2L core.

Anticipated Accomplishments - July:

About’ 757% of the parts needed for pin assembly will be delivered.
Initial lots of pin tubing will be received and inspected.

Fuel development facilities will continue to fabricate pellets for
the IB-2L core.
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C. POWER CONVERSION EQUIPMENT

\

1, Turbine-Compressor Set

Summary - January through Ma

(This task includes the procurement of axial compressor t-c set from
the Clark Brothers Company and a centrifugal compressor t-c set from the
Stratos Division of Fairchild Engine & Airplame Corporation.)-

The preliminary report on the Clark axial t-c set design was evalu-
ated during January.

A deoision wae made in February to locate a lubrication oil pump on
the gearbox portion of the t-c set housing., In addition, the responsibilty
fuor resdeslguing Lhe cumpressor vullel plplug was assigued tu Lhe L-u sel
vendors to permlt more latitude in locating the diffusers.

The t-c set final specification and the preliminary specification
drawing were completed during March and forwarded to both t-c¢ set vendors
for review. The t-c set final design reports were received from both
vendors and ‘the evaluations of the designs were initiated.. Letter con-
tracts for t-c set fabrication were given to Stratos and Clark during
April. The letter contracts authorized limited fabrication before nego-
tiating the fabrication contract.

Technical evaluation of Stratos t-c setcfimal'design was, completed
and the evaluation task reports were forwarded to ERDL, Fort: Belvoir.
Initially, the t-c design was not acceptable due to undesirable surge
characteristics during the starting transient. This condition was cor-
rected by re-designing the second-stage compressor diffuser. The t-c
design, therefore, is acceptable to Aerojet and appears to meet the
requirements of Specification AGC-60015, MLS-55. A few areas pertaining
to design and performance received the required additional documentation
and clarification.

‘Stratos completed an addendum to its design report, including
additional technical data on lubrication system requirements and laby-
rinth seal flow rate requirements during the starting transient and
steady state operationm,

Detail drawings of the long-lead-time items were completed and
procurement initiated.

The t-c set fabrication contracts were negotiated with both Stratos
and Clark during May. The Stratos and Clark t-c sets are scheduled to be
delivered to Azusa by 19 December 1960 and 1 January 1961 respectively.

Stratos placed a purchase order for the t-c¢ housing castings. The
housing is to be fabricated and tested by 1 October.

Stratos placed a purchase order for the gear reduction assembly.
The gearbox is to be fabricated 1 September.
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The technical evaluation of the final design of the Clark t-c set
was completed. With the exception of a few design areas (subsequently
cleared up) the t-c set design was acceptable to Aerojet and appears to
meet the requirements of Specification AGC-60015, MLS-55.

The Clark preliminary layout of the)compressor déscharge elbow was
reviewed and approved by Aerojet. However, Clark was requested to re-
view other types of expansion bellows in order to reduce the overall
length.

The Clark auxiliary gear-drive layout drawing was rev1ewed and
suggested modifications were forwarded to Clark.
»

Accomplishménts - June:

a. Stratos T-C Set: All design changes required to assure proper instal-
lation of the unit on the power conversion skid were completed.

The vendor reviewed the final Aerojet design for the t-c set lub-
rication system and agreed that the system would meet the requirements.

The detail casting drawings were completed for the t-c housing
assembly, and the pattern equipment was fabricated.

The turbine nozzle ring assembly was redesigned, and Stratos is
completing a detailed stress analysis of the new nozzle design.

The shaft forging, and guide-vane and diffuser castings were
received and finish machining started.

Turbine wheel forgings and compressor wheel castings were received
and finish machining initiated.

' The thrust and journal bearings were received from the vendor,

It is now determined to be unnecessary to calibrate separately the
two compressor stages. Test results on the TCS-560 demonstrated that the
compressor efficiencies are satisfactory and design revisions on the ML-1
compressor will further improve the efficiency.

The gearbox preliminary design report was received from Stratos
and forwarded to ERDL Fort Belvoir, Virginia.

» . The gearbox structural supports for the bearings and gears were
re-designed. The new support structure weighs less and provides more
regidity. :

b. Clark T-C Set: The compressor discharge elbow and auxiliary gear-
drive layout drawings were completed.

A purchase order was placed for fabricating the turbine and compres=c
sor blades. The blades will be fabricated by a cold-forming process
developed by General Motors and Kelsey-Hayes.
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Clark is reviewing the final Aerojet design for the t-c set lub-
rication system and gave tentative approval,

_ About 65% of the drawings:required for fabrication were releéased.
All of the detail drawings for long-lead-time items have been released.
The t-c set lnstallatlon draw1ng is about 50% complete

. The’ gearbox hous1ng was rede51gned to lnclude the mounting struc-
ture for the auxiliary drive. Design details were completed for an assembly
fixture to align the aux111ary drive output shaft and the lubrication
pump shaft.

Task reports were forwarded to ERDL, describing the Aerojet techni-
cal evaluation of the t-c set.

Anticipated Accomplishments - July:
a. étratos I'-C Set: All detail drawings required for fabrication will
be reléased.' :

" The vendOr's final design report for the gearbox will be received.

b. Clark T-C Set: The remaining detail drawings required for fabrica-
tion will be released.

Flow tests will be completed of a full-scale model of the compressor
diischarge volute. Since the discharge volute is the most critical aero-
dynamic section with respect to compressor efficiency, aerodynamic model
tests are the most practical solution for proper design of the diffuser.

The vendor's preliminary des1gn report for the gearbox will be
received.

2, Alternator (Task 56-18X)

Summary - January through May:

The final alternator opecification was completed in February. The
preliminary heat transfer analysis for the alternator and the prelimin-
‘ary stress analysis of the housing were also completed. Aluminum was
selected as the alternator case material on the basis of the results,

- The alternator preliminary design analysis report was completed.

and forwarded to IDO. The alternator electrical design was completed.
The design criteria were established for the ML-1l starting motor

in April. An analysis indicated the maximum expected starting torque
curve would have peak torque of 30 1lb.-ft. at 427 rated speed and a peak
housepower value of 50 h.p. at 507 rated speed. The minimum expected
starting torque curve had a peak torque value of 18 1b.-ft. at 45% rated
speed = and’ a peak .‘horsepower. malue . of:>30 hp . ‘at-ui0% rated
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speed. The requirements of the maximum expected starting torque curve
.dictated the selection of a two-speed starting motor design.

A conceptual design of the starting motor was completed. The
design was based on the assumption that all starts will be made with
60-cycle power supplied to the motor. This design indicated-that the
starting motor would extend 5.5-in. beyond the alternator, producing
an overall alternator starting motor assembly length of approx1mately
38-1in.

The alternator layout drawing was completed, incorporating the
latest mounting provisions for the starting motor.

The alternator design was re-analyzed to provide minimum losses.
‘The analysis indicated that modifying the field circuit would increase
the alternator efficiency by 1% at 25% load and 0.57% at full load. 1In
addition, the modification would reduceby 2.3 kw.the heat rejection into
the lubrication 0il. Modifying the field circuit will make a minor
change in the configuration of the alternator drive end housing. The
‘new configuration appears to be compatible with the gearbox designs.

The losses in the present alternator design are summarized below.
" The losses are for operation at 60 cycles and 0.8 power factor with a
- +standard 167°F winding temperature and a 165°F lubricating oil temperature.

Alternator Load - Percent

Alternator Losses 0 25 50 75 100 125

Variable Losses (kw).” 0 1,73 4138 7.69 12.10 17.88
Fixed Losses (kw).' 12,63 12763 12,63 1263 12.63 12.63
Total Losses (kw). 12.63 14.36 16.91 20.32 24,73  30.51
Output (kw). 0 100 200 300 400 500

Input (kw).~ 12,63 114.36 216.91 320.32 424,73 530.51
Efficiency % 0 87.5 92,1  93.6  94.3  94.3

An analysis of the effects of 50-cycle operation on the power
conversion skid electrical equipment resulted in the following
recommendations:

1) The present volts-per-cycle design criterion for the alternator
should not be changed.

2) '"Boost'" transformers should be used where there is a require-
ment for operation at 2400/4160 volts and 50 cycles.

3) All starts should be made w1th 60-cycle power to minimize the
size of the starting motor.

4) The specifications for all accessory electrical eqdipment
should specify volts-per-cycle design for minimum weight.
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The preliminary design of the .starting motor was initiated in May.
Design calculations were made for two configurations: an axial air-gap
motor and a radial air-gap motor.

The preliminary design of the static-exciter and voltage regulator
was initiated. The design of the current transformers was completed.

The stress and thermal analyses of the alternator and starting
motor were initiated.

The alternator detail fabrication drawings were completed except
for the drawing of the drive end housing.

Accomplishments -~ June:

The electrical design of the starting motor was compléeted. A
radial air-gap design. was selected as the best configuration for the
ML-1 starting motor requirements. The starting motor is 20-in.-diameter
and 7-in. long overall... The motor extends 3-in. beyond the altermator.
Detail drawings of the starting motor are 507 complete.

The electrical design of the voltage regulator was completed except
for temperature compensation. The voltage regulator detail drawings are
507% complete. -

The fabrication of the alternator stator and rotor assemblies was
initiated.

The thermal analysis of the starting motor and alternator was com-
pleted, based on estimated air flow over the casiug. The results show
that the internal hot spot temperature will be 275°F.. While this is
higher than the 250°F design point, it is well within the thermal limits
nf the machine. An analysis is being made to establish that the avail-
able flow of cooling air is adequate for this design.

The alternator bearing seals were changed from a rubbing :ring

type to a standard labyrinth to ensure a seal life commensurate with
the requirements of the ML-1.

Anticipated Accomplishments - July:

The detail drawings of the starting motor and voltage regulator
will be completed.

The alternator housing drawing will be completed.

Fabrication of the starting motor and voltage regulator will be
initiated. Fabrication of the alternator parts will continue.

The analysis of the alternator cooling air flow requirements will

be completed. The design of the alternator shroud and fin assembly will
be completed.
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3. Lubrication System (Task 56-12X)

Summary - January through May:

The conceptual design study of the lubrication system was con-
ducted under Contract DA-44-192-ENG-8, and the design of a prototype
lubrication system then assigned to Contract AT(10-1)-880.

The main objective of the studies was the basic 'design of a lubri-
cation system to lubricate the t-c set, the reduction gearbox and the
alternator. A secondary objective was to prevent the entrance of oil
into the process gas system.

A literature search was ‘conducted to evaluate oil leak-tight seals
and sealing methods: which would operate satlsfactorlly for 10,000 hr
without maintenance. Commercial seals studied included & cursory investi-
gation of the lip- type seal, a more thorough investigation of face-type
rubbing seals (such as 'Sealol") and shaft rubbing-types ("Cartriseal",
for example) These types were reJected on the basis of service life
. and because it was quite possible that many of these seals would not
meet the leakage requirement without. selective fit and installation.

' It was decided that only a labyrinth-type seal without rubbing
contact would meet the life requirements. Because this type is mnot

. leak-proof, the system was designed to be pressurized to prevent the

" entry of oil into the working gas, but to permit the .entry of working

gas into the oil system, The system bleeds nitrogen (from the second

stage of a centrifugal compressor or from intermediate stages of an axial

compressor) into the cavity between the two labyrinths separating the

0il from the working gas. The nitrogen then flows two ways at high pres-

sure: either into the working gas or into .the o0il system. The flow into

the oil system under:the consequent préssure differential’ is sufficient

‘to prevent o0il from flowing into -the working gas.

After selecting the basic lubrication system a reference system
was established. This system was then improved by rearranging, com-
bining or eliminating components. The final configurations resulting
from this study are shown schematically in Flgure 10 (Clark T-C Set),
and Figure 11 (Stratos T-C Set)

The function of the lubrication and clean-up system is to supply
lubricating oil to the t-c set, including the gearbox and alternator;
supply regulated nitrogen to the t-c seal system; and to purlfy the

nitrogen bleed gas.

0il is supplied to the system by a 45 gpm gear-type pump driven
by the gearbox at 1800 rpm. A 45 gpm auxiliary pump (motor-driven)
provides lubrication during start-and-stop operation to prevent bearing
damage. The oil discharged from the pump .is cocled by an.air-cooled oil
cooler (integrated within the pre-cooler) 'to reduce the temperature
from 1809F to 150°F. The cooler is capable of handling 290,700 Btu/hr
at an ambient temperature of 100°F. The heat rejection rates for the
Clark and Stratos lubrication systems are tabulated on Table 4.

\
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Calculated Heat Rejection
to the ML-1

TABLE &4

Lubrication System:

~ Heat joection, HP

Source 5/6 Speed Full Speed
Glark'%: Otratos Clark Etratoo
Turbine-Compressor
Journal Bearing 1Q.0 5.6
31.4 28.5 =
. Thrust Bearing . 26.0 28.4
0Oil Seal 4.5 4.5 6.0 6.0
Case Cooling 17.8 17.8
Nitrogen Seal Leakage 0.7 3.4 0.7 3.4
Gear Box 19.4 28.5 26.0 34.0
Alternator
Journal Bearings 2.0 2.0 2.7 2.7
Field Coil 8.9 8.9 8.9 8.9
OLl1l Pump Louss 1.0 1.6 1.2 2.0
0il System Pressure Drop 4.1 6.6 4.9 8.0
Total Heat Rejection 89.8 84.0 104.2 99.0
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THE ML-1 LUBRICATION SYSTEM WITH THE CLARK T-C SET,
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THE ML-1 LUBRICATION SYSTEM WITH THE STRATOS T-C SET.
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COMPONENT
28 CHECK VALVE - (OIL)
1 SFATL COMPRESSOR/MOTOR - ) - 20 FHRCV \.m.;:\r-r = £011)
3 SUMP COMPRESSOR/MOTOR 30 CHECK VALVE =~ (NITROGEN)
3 MAIN OIL PUMP 31 DIFFERENTIAL PRESSURE SWITCH
4 AUXILIARY OIL PUMP/MOTOR 32 DIFFERENTIAL PRESSURE GAGE
5 FILTER WITH BYPASS VALVE 33 SUMP PRESSURE GAGE
6 34 SEPARATOR PRESSURE GAGE
7 NITROGEN FIL’I’ER-(MOLECUI.AR SIEVE) 35 NITROGEN FILTER
8 SEPARATOR 36 MANUAL OIL FILL VALVE
9 FLOAT CONTROL 37 MANUAL OIL DRAIN VALVE
10 REFRIGERATION COOLER 38
1 QIL SuMp 39 MANTIAT. ATT, NRATN VALVE
12 LEVEL INDICATOR (VISUAL) 40 MANUAL OIL DRAIN VALVE
13 REMOTF. LEVER TNDTCATOR AND ATARM 41 MANUAL SHUT=QFF VALVE
14 IMMERSION HEATER 42 MANUAL SHUT-OFF VALVE
15 N1 COOTLER a3 MANUAL BIT=QFF VALVD
16 IMMERSION HEATER 44 CHECK VALVE (NITROGEN)
17 BY"PASS SOLENOID VALVE 45 CHECK VALVE (NLITHUGEN)
i8 CHECK VALVE (NITROGEN) 46 NITROGEN FILTER
19 DIFFERENTIAL PRESSURE REQULATOR 47 DIFFERENTIAL PRESSURE KEGULATUR
20 PRESSURE REGULATOR (NITROGEN) 48 DIFFERENTIAL PRESSURE REGULATOR
21 PRESSURE REGULATOR (OIL) 49 MANUAL SHUT-OFF VALVE
22 50 MANUAL SHUT-OFF VALVE
23 DIFFERENTIAL PRESSURE RELIEF VALVE 51 MANUAL SHUT-OFF VALVE
24 52 MANUAL SHUT-OFF VALVE
25 RELTEF VALVE - S4RRTY 63 MANUAL BHUT=OFF VALVI
‘26 SUMP RELIEF VALVE 54 MANUAL SHUT-OFF VALVE
27 THERMOSTATIC BY-PASS VALVE 55 MANUAL SHUT-OFF VALVE
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An oil filter provides 25 micron filtration for lubricating oil.
The filter element will require replacement approximately every 30 days,
depending on the rate of contamination., A differential pressure switch
indicates when a filter change is required. The oil pressure to the
t-c bearings is regulated at 30 psi above the bearing ‘drain cavity
pressure. An oil shaft seal isolating the gearbox and alternator from
the t-c maintains the gearbox and alternator case pressures at 20 psia.
The oil flow requirements for the ‘Clark and Stratos lubrication systems
are shown in Table 5. -

0il from the gearbox and alternator is returned by gravity to a
sump. The sump has an oil capacity of 50 gallons and a gas volume equiva-
lent to 20 gallons to provide for expansion. The sump contains a 5 kw
immersion heater to heat the oil during low temperature starting. The
0il level is shown by a level indicator,

The entry of .bearing lubricating oil into. the gas cycle is pre-
vented by labyrinth seals adjacent to each bearing on the t-c 'shaft.
The seals are supplied with regulated nitrogen from the compressar
through external connections. The differential pressure across the
single stage seals in the Stratos t-c set is maintained at 20 psi during
running conditions. The Clark t-c¢ set has two stages of labyrinth seals
with a vented cavity between each stage. Thé total differentidl pressure
across the seals is regulated at 4 psi. As the two-stage seal offers
a more restrictive path for oil back diffusion, the pressure drop in the
Clark unit is lower. :

Nitrogen. is supplied to the labyrinth seals by a motor driven
auxiliary compressor during startup and shutdown when main compressor
gas 1s not available. This provides the barrier nitroggn.gas for proper
seal operation and .also the necessary cooling during shutdown operation.
The auxiliary compressor has a capacity of approximately.30 cfm and is
capable of boosting the inlet pressure approximately 25 psi. 'The com-
pressor capacity exceeds the normal seal requirement to provide additional
flow if seal clearances increase with wear. Gas for the auxiliary com-
pressor is bleed gas from the main compressor inlet. When the system
compressor develops sufficient pressure, the auxiliary compressor will
autumgtlically shut off. , L . .

The seal flow rates for the Clark and Stratos seal systems are
shown on the respective system schematics.

The nitrogen flow across the labyrinth seal system mixes with the
lubricating oil in the bearing cavities. The mixed flow is then delivered
to a '"clean-up" system consisting of a mechanical separator and an absorp-
tion filter. The separator mechanically separates the oil from the nitro-
gen and returns the oil to the sump. The nitrogen is filtered to reduce
the oil content to acceptable limits, before it is returned to the system.
This filter will require servicing every 30 days.

The 3 cfm nitrogen compressor (motor-driven) returns the nitrogen

from the oil to the separator. This is necessary because nitrogen is
continuously carried in solution by the oil as it is returned from the
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TABLE 5
ML=1 Turbine-Compressor Set .

Lubrication Requirements

Location | | Flow Rate - Cal/Min
Clark Stratos
T-C Set T-C Set
Turbine-Compressor
Journal Bearings 4 2
Thrust Bearing 19 10
Case Cooling ' 5 None
Shaft Seal 1.5 N 1.5
Gear Box "8 17
Alfernator . 2.6 2.6
Total Elow 40.1 33.1
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separator to the sump. Nitrogen is also supplied to the alternator case
and flows across the alternator.seals. to the sump. .The nitrogen flow
maintains a constant 20 psia pressure to prevent :the .entrance of oil. into
the alternator rotor. caVvity. The amount.of nitrogen .transferred from
the separator to the sump is dependent upon .the change in pressure level
and the flow rate of oil. The solubility of nitrogen in.oil is. propor-
tional to the pressure and is determined by the Bunsen Solubility Co-
efficient whlch was found to be approximately +0.076 for lubricating

0il at 180° F. The Bunsen Coefficient .(ot ) is defined as the volume of
gas at 0°C and 14.7 psia pressure dissolved in a unit volume of. the

. liquid with a partial gas pressure of 14.7 psia. The solubility of a
gas in a-liquid is expressed by the following equation¥:

.Volume of gas at NT P _ L p
Volume .of liquid 14.7
Where:
N TP = Normal Temperature Pressure (OOC, 14.7 psia)

A= Bunsen Solubility Coefficient

P .= System Pressure, . psia

From the above relation, the amount .of nitrogen released in.the sump
after being transferred from the separator is 0.025 lb/min and 0.072
1b/min for the Clark and Stratos lubrication .systems, respectively.

The lubricating oil tentatively selected is Chevron'OC Turbine
.0il No..ll, a product .of. the Standard Qil Company of California. This
oil.conforms to Military Specification MIL-L-17672A and is a 100% paraf-
finic base o0il with very low carbon-forming tendencies. The oil contains
special inhibitors. to improve oxidation.stability, retard corrosion and
reduce foaming. The lubricating oil. has . the following properties:

223 (at 100ch

Viscosity, SSU "47.5 (at”210 F)

Viscosity. Index . 93

Pour Point, °F -5

Flash Point, CCC, °F 435

Carbon Residue, 7% . 0.01

Vapor Pressure, psia . 0.05 (at 435 F)

:The o0il manufacturer rates the oil life at 10 years in a mild
radiation. environment. However, further evaluation will be required
to determine its.suitability.for this application. .The flash point is

* R. R. Baldwin and -S. G. Daniel, '"The Solubility of Gases in .Lubri-
cating 0ilé and Fuels'", J. Petroleum Inst. ,v..39, No..351 (1953)
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higher than the maximum operating temperature, ellmlnating flre hazard
if there is an oil leak

‘Most of the components for the lubrication system were selected
and procuremeént initiated. Procorement specifications were completed
for non-standard components except for the nitrogen fllter, the seal
compressor and the sump- equalizing compressor.

_ Quotations for a nitrOgen/oil separator were requested from about
30 vendors.' In the meantime, several separators were ordered for evalu-
ation. However, commercial separators filter on the basis of oil-parti-
cle size rather than on the amount of oil in the gas, thus such sepa-
rators can only ‘be evaluated in a test program SLmulatlng ML-1 operating
conditions.

Two proposals submitted by vendors'appear to meet the requirements
for a sump-equalising compressor. (Not all of Lhe veuuurs have replied.)
One unit was ordered for evaluation,

One rotary-vane compressor was ordered for evaluation as a seal
compressor.

The leakage rate past the shaft seal will be determined during
evaluation of the compressor. If the leakage proves excessive, the
compressors will be installed in.a container to prevent external leakage.

A preliminary -design installation drawing of the sump and associ-
ated equipment was completed in May. The preliminary layout of lubri-
cation system components was begun, and will be continued as additional
components are selected. - : -

Ac¢complishments - June:

Procurement specifications were completed for the compressor and
nitrogen filter, and are being released, Specifications are now com-
plete for all non-standard componerts for the lubrication system.

Several commercial nitrogen/oil separators, purchased from differ-
ent manufacturers, were received. Tests to determine the relative effec-
tiveness of each separator when subjected to varying rates of oil and
nitrogen flow will be conducted as soon as the test installation is
complete.

One compressor, fur use as a sump-equalizing compressor, was re-
ceived. Development tests will be conducted when  the appropriate test
installation is completed. It is believed that leakage past the shaft
seal will be the major problem, making it necessary to "can' the unit.
The canned motor-compressor units used in refrigeration and air-condi-
tion were reviewed and can be readily adapted to nitrogen service. A
motor-ccmpressor unit of this type was ordered and delivery is, expected
within 30 days. Tests will be conducted on this unit.

The rotary-vane compressor will be delivered in July. Tests will
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be conducted on this unit to determine its suitability as a seal com-
pressor, and that the compressor vanes can withstand the high pressures
anticipated during shutdown of the ML-1 system. Thé survey of compressor
manufacturers is continuing in view of the possibility that this compres-
sor may not be satisfactory.

Reciprocating compressors also are being considered for use as a
seal compressor because most 60 cycle ac rotary compressors cannot pro-
vide more than 10 psi boost. (A minimum of 20 psi is required.) A sec-
ond source for the seal compressor cannot be selected before further
design evaluation. However, several commercially available reciprocating
compressors appear to meet the requirements.

Procurement of lubrication system components continues. Purchase

orders were initiated to procure the oil filter, 011 pump , auxiliary
pump/motor unit, oil differential regulator.

Anticipated Accomplishments - July:

Separator tests will be initiated.
Compressor tests will be initiated.
Arrangement of components on the power conversion skid. will .continue.

The review of commercially available compressors will be completed.

4. Recuperator (Task 56-100)

Summary - January through May:

The design of the recuperator was established during January. The
design is a four-pass, shell and tube, mixed cross-flow and counter-flow
exchanger. This design is a hot-shell exchanger which establishes the
inlet and outlet headers in their proper relation to the reactor and to
the power-conversion skid, thus reducing header piping problems.

Detailed layouts were initiated to incorporate'the~revision5‘re-
quired by the change to a hot-shell design. Over-all recuperator dimen-
sions, including insulation, were frozen at 8l-in. long by 49-in. OD.

Agreement was reached during February on the location of the flanges
for the high pressure inlet headers and low pressure inlet nozzle. Cal-
culations, based on clearance and tube length from the layout drawings,
showed the recuperator effectiveness to be 80.35% with a total A p/p equal
to 2.6% under steady staté-¢onditions. 'Matetrials for  tubé brazing.and..
finning were.ordered. o '

Stress analysis studies were conducted during March by both Aerojet
and the recuperator manufacturer, the Griscom-Russell Company, to revise
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6~-point mounting support system. The reguperator shell was increased
from 1/4-in. thickness to 3/8-in. and a Number 20 flange size was selected
for the: turbine discharge~recuperator inlet flange. -

The vendor's preliminary design report on the récuperator was review-
ed during March. . _ -

A meeting was held with representatives of the Griscom-Russell
Company during April to review the requirements and status of the design,
testing and procurement of the heat exchanger.. The following problems
were resolved during the meeting:

1) The vendor agreed to the selection of a four-point recuperator
support used in the six-pnint support system for the t-c¢ set, alter-
nator and recuperator.

2) The operating and transportation shock loads specified in the
recuperator procurement specification were revised to meet the load
requirements for the other power-conversion equipment.

3) A reference flange design was selected for the recuperator.
The reference flange consists of a ""Flexitallic' gasket using
bolted flanges, each flange specially designed for its loading
requirement.

A letter of intent was forwarded to this vendor authorizing pro-
curement of materials for three recuperators and limited fabrication.
Further fabrication will not be authorized until the final design of the
recuperator is approved and the core tests are completed.

The results of the tension and compression tests on the recuperator
tube sheet weld samples were satisfactory. The results showed a tension
yield point range of 35,800 psi to 36,300 psi and a compression yield
point range of 34,800 psi to 36,600 psi.

The recuperator specification control drawing was revised to include
the detail mounting structure arrangement.

The recuperator fabrication contract was negotiated during May with
the vendor.

The recuperator specification control drawing was completed and the
specification revised to incorporate more rigorous quality control require-
ments. A meeting was held with the vendor to coordinate the revised
recupcrator apecification and the specification control drawing.

The tube fin material and brazing alloy were received by Griscom-
Russell. Fabrication of the finned tubes will be initiated when the
core tests are complete.

Aerojet completed the review of all of the Griscom-Russell designed
recuperator flanges during June. Final agreement was reached on flange
thickness, facing details, bolt hole dimensions and stress levels.
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A revision was issued to clarify certaln pr0v151ons of ,the
recuperator specification (AGC 60021). - : ST

The tubing for the recuperator was received by the vendor. All
tubing shop drawings were completed and released to the fabrication
shops, and it is estimated 80% of zll recuperator drawings were completed.

Final recuperator specification control drawing was completed and
released .

Fabrication of the finned tubes was not initiated in June due to
the requirement for further testing of the core sectioms. -

Anticipated Accomplishments - July:

Fabrication of the recuperator shell, structure supports, and
flanges will be started. .

Fabrication of the finned tubes will be initated.

5. Pre-cooler (Task 56-110)

Summary - January through May:

A reference design for the combination pre-cooler/moderator cooler
was established in January. The design incorporates two passes on the
tube side of the moderator cooler, and uses eight fans instead of six ’
to permit operating the moderator cooler independently of pre-cooler
conditions. Using two passes on the tube side reduces the size of the
moderator cooler. The original pre-cooler design provided three inlet
and - three outlet nozzles to reduce the size of the manifold and to permit
maximum heat exchanger lattice size. The reference pre-cooler design
was agreed on during e'conference between the vendor and Aerojet. The
reference design uses one inlet and one outlet nozzle. Both manifolds
were re-designed and the vendor accepted responsibility for designing
the piping to comnect the pre-cooler inlet and the recuperator.

A straight tube --pre-cooler was selected as the reference design‘
in February. This design allows space for the pre-cooler discharge/
compressor inlet line.

It was decided in March to incorporate the lubrication cooler into
the pre-cooler to conserve space on the skid. The size of both the pre-~
cooler and moderator heat exchanger was changed to provide room for the
" 0il cooler. The lubrication oil cooler and moderator cooler in the
present design are cooled by one pair of fans.

Burst tests were conducted on samples of aluminum tube of the type /
selected for the pre-cooler. The average burst pressure (2400 psig at
‘ambient temperature) satisfies the operational pressure requirements.

The tube material was changed from 3S to 100-0 aluminum to facilitate
extrusion.
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The vendor completed the preliminary layout draw1ngs and the sup-
port structural drawings for the pre-cooler. -

The requirements and the status of heat exchanger design, testing
and procurement was reviewed with the vendor at a meeting in April. 7The
following points were decided at the meeting:

1) The shock, operating and transportation loads specified in the
pre-cooler procurement specifications were revised to agree with
the load requirements for the other power conversion equipment.

2) Tentative locations were established for inlet and discharge
connections for the pre-cooler, moderator cooler, and lubrication
0il cooler. Agreement was reached on the method of attaching the
pre-cooler structure to the power conversion skid structure:

The pre-cooler structure will be bolted to T-pads on the skid
frame at 15 points. The support system for the pre-cooler tube
and header assembly will be designed so that the spring constant
of the assembly will not impose loads on the pre-cooler at oper-
ating temperatures. The loads imposed by the pre-cooler on the
recuperator are not critical in the cold condition.

3) The pre-cooler fan support system was modified so that all
loads will be introduced to the trusses at panel p01nts on the
skid.

The vendor was given a "letter of intent" authorizing procurement
of materials for three pre-coolers and limited fabrication. Authorization
will not be given to complete fabrication until the final design of the
pre-cooler is approved and the core tests are completed.

The pre-cooler fabrication contract was negotiated during May with
the vendor. The pre-cooler specification control drawing was completed
and more rigorous quality control requirements were included in the re-
vised specification. All tube-to-tube sheet connections will be welded
to minimize external leakage, and -the welds leak-checked with a mass
speclruneter,

The vendor agreed to modify the design of the pre-cooler structure
to include the tension tie-rods and transverse tubhular lower chord mem-
bers that previously were part of the skid structure. The result of
thls design change is that the entire top area of the skid is unobstruc-
ted when the pre-cooler is removed.

Results from the pre-cooler teotas ahow that the pressure drop on
the shell side is higher than predicted. Performance calculations based
on these results show that total power for the fan motor must be increased
about five horsepower to obtain adequate flow of cooling air. Additional
calculations were initiated to verify the need for the design air flow
in view of the fact that thc mcasured heat transfer area per running
foot of tube was larger than calculated.

Performance calculations for the moderator and lubrication oil
cooler, based on results of the core test, show that the capacity of the
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lubrication o0il cooler is about 10% .oversize.

Specimens of the weld connecting the llOO 0 aluminum tubes to the
2219 aluminum tube sheets were completed. Inspection showed excessive
porosity in the welds. Representatives of the vendor of the mater1a1
are assisting Grlscom-Russell in solv1ng thls problem.

Accomplishments - June:

The design of the tension tie rods, and transverse and longitudinal
tubular members (now incorporated in the lower chord of the pre-cooler
structure) was submitted to Aerojet in June for review. (This design
facilitates assembly of the pre-cooler onto the skid frame, and provides
better access to the other components before the pre-cooler is assembled.)

The design, partially based on the results of the core tests, relo-
cates the mounting pads between the pre-cooler and skid frame. The
change was made possible by relocating the tubing joining the pre-cooler,
moderator and oil cooler, thus eliminating the need to increase the power
of the fan motors. The vendor was advised that the original mounting
point locations rust be preserved, and is re-designing the structure.

The new design will be submitted early next month. The specification
control drawing will be changed to reflect the final design.

Review of the pre-cooler flanges designed by the vendor was com-
pleted, and agreement reached on thickness of flange, facing details,
dimensions of bolt holes, and stress levels.

The design drawings are about 75% complete for the pre-cooler,
lubrication o0il cooler, and moderator water cooler

A 1/8 scale model of the pre-cooler was designed and fabrication .
initiated. The mcdel will be used to determine the distribution of cool-
ing air for the fans and to obtain qualitative information on the effects
of power conversion components on the air flow. This information will
provide the basis for locating and designing such components as the corn-
trol centers for the metor and generator.

The material for the tubing and fins was ordered by the vendor'
(Griscom-Russell) and fabrication has begun.

Anticipated Accomplishments - July:

The test model (1/8 scale) will be completed.

The specification control drawing for the pre-cooler will be
released.’ (The drawing was not released in June because of the change
in size of the fan plenums.)

~J
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6. Materials Evaluation (Task 51-620)

Summary - January through May:

Samples of the recuperator tube-to-tube sheet welds were made,
using materials and techniques that will be used in fabrication of the
heat exchanger. Analyses of photomicrographs and physical tests run
at the expected maximum operating temperature (1000 F) proved the welds
sound and more than adequate for the ML-1 system.

Hydraulic rupture tests, conducted on the pre-cooler tubing (Series
1100 aluminum) to determine the effect of pre-cooler-type finning, showed
that internal fins increase tube strength about 65%, and the combination
of internal and external fins increase strength about 115%. (The strength
of the fins provides an additional safety factor in the present tube design.)

Three test turnaces were procured from AEC surplus for use in ele-

vated temperature corrosion tests in reference atmosphere at system
pressure.

Accomplishments - June:

A partial shipment of the alloys to be used in the Stratos t-c set
was received. Samples are being machined and tests will begin in July.
Corrosion coupons and physical test bars will be exposed to three differ-
ent gas atmospheres at 300 psi and 1300 F: 100% nitrogeny 99.5 vol%
nitrogen + 0.5 vol% oxygen; and air. Corrosion coupons will be examined
at 1000, 2500, 5000, 7500 and 10,000 hr. The test coupons will be used
to narrow the field of interest. For example, if significant corrosion
attack occurs early in the program, some of the test bars will be exposed
for that length of time to determine the effect of corrosion on physical
properties.

o A section of pre-cooler tube was thermal cycled between 100 and
500 F 340 times to determine the effect of thermal cycles on the mechani-
cally-attached external fins. Each cycle consisted of 100 sec heat up
‘followed by 30 sec quench to simulate the worst conditions during ML-1
scrams. In 50,000 hr of operation (lifetime for such tubes), less than
340 such cycles are expected. The integrity of the external fin was not
affected by these tests.

Anticipated Accomplishments - July:

Test specimens of the turbine alloy will be prepared and gas cor-
rosion compatibility tests initiated.

The pre-cooler tube-to-tube sheet weld specimen is scheduled to be
delivered by the vendor. When it arrives, physical tests will be run at
the maximum expected operation temperatures.
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7. Heat Exchanger Core Tests .(Task 51-630)

Summary - January through May

Specifications were completed during January for the recuperator
and pre-cooler test cores.

Fabrication of the test cores was authorized in February, and the
test cores were completed in April.

The pre-cooler core tests, completed in May, verified the design
parameters for both heat transfer and pressure drop on the tube side.
The results from the shell side tests indicated that heat transfer per-
formance was higher than predicted, although pressure drop also was higher.
As discussed earlier, calculations were initiated to determlne if larger
motors are required for the cooling fans.

Unsatisfactory heat balance between heated air and condensed steam
forced discontinuance of the recuperator core tests. Inspection showed
the tube bundle pitch dimensions were incorrect. The test core was re-
worked to the proper dimensions and the core sectlon ducts changed to
improve facilities for instrumentation.

Accomplishments - June:

Analysis of results of the pre-cooler core tests was completed.
(This analysis is discussed ‘in:Task -56-110, Pre-cooler.)

The recuperator core tests were completed. Preliminary results
indicated a reduction in heat exchanger effectiveness of 0.9%, a toler-
able reduction as far as effect on the reactor is concerned. The data
further indicated that. the pressure loss was greater than predicted on
the high pressure (tube) side of the core section. An increase in & p/p
of 0.93% was observed. The vendor said that the finning operating reduced
the internal tube cross-section and caused ripples on the inside of the
tube, thus bringing about an increase in A p/p. The vendor was requested
to develop methods of eliminating these conditions.

Anticipated Accomplishments - July:
The recuperator core tests will be evaluated.
The methods of eliminating excessive tube side pressure loss will

be evaluated.

8. Operational Planning (Task 51-660)

(NOTE: Since this work is closely allied to work being done under Con-
tract DA-44-192-ENG-8, progress on both tasks is reported.)
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Summary - January through May: °

The modification of "Study for GITF-1A" (Testing ML-1 Power Conver-
sion Skid No. 2) was completed during the period.. The modification
included plans to test the skid at the GTTF facility, using a by-pass.
control system.from the conclusion of the 500 hr demonstration until the
facility is modified to GTTF-lA. The conceptual design of the facility
modification was completed, and drawings were prepared to illustrate the
general layout and location of major items of equipment., A detailed test
plan for operating the ML~1l power conversion skid was completed as part
of the study. The test plan included test objectives, description of
general procedures, and the results expected from the start-up/check out
tests, performance evaluation, malfunction/safety tests, and endurance
dcmonatration tesats. The results of this study were published early in
June as Report No. AN 186.

rlang for testing the two ML-lL power conversion skids at Aerojet,
Azusa, were studied. An existing test facility within the plant was A
selected as the test site. A detailed specification was prepared for a
heater with growth capacity and a wide range of operating conditions.
Firm bids by six vendors were reviewed. Power Conversion Skid No. 1 is
scheduled for initial tests by 1 February 1961 and for shipment to NRTS
by 1 May 1961. Skid No. 2 is scheduled for initial tests by 31 May 1961
and tentatively scheduled to be shipped to Fort Belvoir by 1 November 1961.
The following tests are typical of those to be conducted at Aerojet, Azusa:

TABLE 6: Typical Power Conversion Skid Tests

Type ‘ Elkid No. 1 Skid No. 2

Static pressure checks X X
Cold rotating test (5 hr) X X
Low speed hot rotating test (5 hr) X X
Rated speed checkout test (5 hr) X X
Acceptance test (10 hr) X X
Limited endurance demonstrations (80~hr) X ‘ b
==ghip to qRTS
Performance evaluation (250 hr) ‘ 0 X

Malfunction/Safety tests (100 hr) : 0 X

Accomplishments - June:

P

A detailed specification was completed for the nitrogen heater
required for tests at Aerojet, Azusa, and GTTF-1lA. Authorization to
proceed with design and fabrication of the heater is scheduled for release
by 1 July.
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The preliminary requirements for instrumentation and mechanical
facilities was completed for the power conver31on Skld tests at Azusa
and is being reviewed locally.

Anticipated Accomplishments - July:

Fabrication of the nitrogen heater will be authorized.

Planning will continueé on the program for testlng the power conver-
sion skid at AerOJet Azusa.

9. Component Development Tests (Task 59¥4X§)

Summary - January. through May:

‘Technical evaluation of the proposals for pre-cooler/recuperator
tests was completed. A detailed test program was planned, based on the
use of Allison Division (General Motors Corp.) facility.

A study was completed of thc facility required for development and,
- life tests of the alternator. It was concluded that the existing Aerojet,
Azusa, test fac111ty will best serve the needs of the program. The facil-
ity includes a 550-hp dc motor drive as the prime mover. Design and pur-
chase was initiated for the miscellaneous small test equipment meeded to
adapt the alternator to this facility.

Accomplishments - June:

. Minor revisions were made of the program planned for the pre-cooler/
recuperator tests. However, planning for heat exchanger tests was dis-
continued until pending budget revisions are completedu :

Design was contlnued on the test support structure and the mOdlfl-
cations to the drlve for the alternator/start motor: test stand.

Evaluation tests were ' initiated to determine the effectiveness of
several commercial oil/gas separators. |

Anticipated Accomplishments - July:

The design of the test stand for the alternator will be completed.
Material procurement and fabrication of the support structure will be
initiated. :

Fvaluation tests will be continued onfthe lubrication systém oil/gas
separators. .

Preparation of detailed procedures will be initiated for the alter-
nator performance and development tests.

~4
\C
]
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WEST D

10. Static -and Dynamic Analyses (Tasks 56¥13X"and556-16X)

A preliminary study of gas lubricated bearings was submitted to
IDO in April. Other material formerxly reported here is now being reported
under the appropriate individual tasks.’

D. INSTRUMENTATION AND CONTROLS

1. lectrlcal Equlpment Design gTask 57- 1XX)

Summary - January through May:

The over-all electrical single line diagram, motor control center
elementary diagram, and generator control center elementary diagram were
revised. The power requirement tabulation was also brought up to date
and still indicates that a 45 kw diesel will supply sufficient power for
startup. :

A table was compiled showing size and signal level of all power
metering and control leads to be included in the cables between the power
conversion skid and control cab. A portable cable continuity checker was
purchased. Drawings were made of the plant grounding details and power
conversion skid connector panels. The equipment for the d-c to a-c static
inverter (to be used for emergency standby power) was purchased and .
received.

Specifications for the main generator circuit breaker were sent out
to bid, and the vendor's plant was visited to investigate his ability to
provide a reliable vacuum-type circuit breaker. The protective relays
were purchased. Westinghouse is supplying the static type differential
relay, General Electric is providing the reverse power relay and Allis
Chalmers is supplying the static type -overcurrent relays. The potential
and current transformers for power metering and relaying were purchased
trom Westinghouse and were received. ' The power transformer specifications
were sent out for quotation.. ‘ : '

Specifications were written for the transfer contactor and surge
protective system and sent out to bid. The surge protection system
includes line and station type lighting arrestors as well as surge capaci-
tors and inductors. Power branch circuit breakers were purchased to pro-
tect the auxiliary equipment branch circuits.

The électrical equipment was specified and locations selected .
on the . gas storage skid, the gas drying skid, and the cable reel skid.
The input connection boxes, magnetic starters, pushbutton switches, con-
duit, wire and conduit fittings were enumerated in detail and the mechani-
cal details of the mountings shown on the draw1ng
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Accomplishments - June:

A summary of the power switchgear design was written describing
the purpose .and operation of -each major power switchgear component. Work
continued on the. conduit layout and wire connection tables and diagrams,
now 40% complete.

- Tests were performed on the complete inverter breadboard using a
series of automotive. batteries connected in series to supply 150 volts
of d-c input. These tests demonstrated the need to simplify the design
and improve the reliability of the unit. Simplifying the driving and
switching networks increases the weight of the filter circuit.from“about 30
pounds to 130 pounds, approximately.

The Size Zero motor starters were purchased from a vendor. The

closing date for bids on the transfer contactor and the vacuum circuit
breaker was extended two weeks to encourage additional bids. .

Anticipated_Accompiishments - July:

Work will continue on the conduit layout and wiring diagrams.
Work will start on the design of the static inverter package,

Purchase orders will be issued for the transfer contactor and power
‘transformers.

The bid package for the vacuum circuit breaker will be sent to IDO
for approval.

2. Neutron Monitoring and Control (Task 57-2xx)

Summiary - January through May:

Orders were placed for the major components of the nuclear instru-
ment suhsystem, for the amnunciators, and for the controls needed for the
neutron-absorbing control blades. The specifications for these items
were based on the preliminary design, and amended as firm information
became available. :

All schematic and block diagrams were made and main cable conductor
requirements established.

The sensitivity required of the startup and power range flux monitor-
ing detectors and associated amplifiers was determined, based on a high
and low estimate of .the full power neutron 1eve1 at possible detector
positions, : :

The preliminary design was completed and parts ordered for the auxil-
iary equipment box and cart for use in simulating the power conversion
skid during the initia]l critical experiments.
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A block diagram was prepared for the proposed blade control system,
The functions were described, and ®he description approved, for the manual
and automatic blade movement controls, the protective interlock circuitry,
the startup by-pass circuits and the safety scram system. :

The environmental conditions applying to electrical equipment on
the power conversion and reactor skids were reviewed. It was recommended
to use silicone and polyethylene insulants in those applications.

Criteria were establlshed for the very low level pulse countlng

channels required for the critical experlments.

Accomplishments = June:

The instrumentation requirements were determined for the initial
cold start of the reactor. Data sheets were prepared indicating the
characteristics of the BF3 neutron counters, the pulse pre-amplifiers,
the linear amplifiers, the scalers, and the power supplies for all items.

The effects on instrument circuits of interference by relay switch-
ing in the clutch and blade driver motor circuits were reviewed. Contact
arc suppressors were specified and ordered. A bundle shield, to provide
double shielding, was specified for the nuclear cable to minimize inter-
ference from external, uncontrollable sources of radiation. Other circuits

will be provided with a bare copper conductor added to the usual shielded,
twisted pair (triad construction) to provide an e351ly-connectab1e low-
impedance shielding circuit.

Anticipated Accomplishments - July:

The detailed design will be completed for the auxiliary equipment
box and cart that will be used to simulate the power conversion skid
during the initial critical experiments.

The blade control system relays will be laid:< out in drawers for
mounting in one of the control cab racks.:  Interconnecting wiring dia-
grams will be made for these. relays and the associated console and field
mounted equipment.

A final drawing of the annunciator system will be received from
the vendor, will be reviewed and approved.

3. Health Physics (Task 57-3%XX)

Summary - January through May

The final design of health physics instrumentation was about 50%
completed during the period. Specifications were written for the remain-
ing major pleces of hardware, including the components for the pre-cooler
monitor, AES Specification No. 2929.64; the site health physics instru-
mentation, AGC Specification No. 60,053; and the remote area monitoring
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system, AES Specification No, 2929.31. The RAMS specification was ameuded
to standardize connectors and to define cabling requirements.

Accomplishments -~ June:

The radioactivity detecting and sampling equipment were ordered
for the pre-cooler monitor. This equipment includes the particulate
collecting equipment (dir pump, filter paper tape mechanism, shielded
scintillation detector assembly); the associated high voltage power supply;
a logarithmic counting rate meter -and a recorder. Similar components,
except for the filter paper mechanism, were ordered for the gaseous activ-
ity monitoring system. A cart was designed for housing the field mounted
components, and the design sent ‘to bid. 'Most of the site area monitor
(SAM-1) drawings were received from -the vendor and will be rev1ewed after
the detector drawing is recelved. ' .

The assembly drawing for the piping for the pre-cooler monitor is
nearly complete. Detail drawings for this system are about 50% complete.

Requisitions were written for the specified safety equipment. This
equiipment includes the protective clothing,ultra-filters, air-packs,.
military specification portable Geiger- Mneller counters, ‘alpha counters,
slow neutron and fast neutron detectors

The shielding required for the premcooler monitor was calculated,
based on the latest isodose curves.. The results show that about &4-ft
of concrete shielding will be needed to reduce the background at the
detector locations. so that airborne act1v1ty can be sensed at the toler-
ance level. : : :

Anticipated Accomplishments - July:

Final design of the pre-cooler monitor will be completed, and the
cart for the field-mounted equipment will be ordered. S '

The health physics equipmerit will. be ordered.
The vendor's drawings of the remote area monitoring equipment will

be reviewed and approved.

4. Analysis Instrumentation (Task 51-740)

Summrary - Januarz¥through May

The f1na1 de51gn of the analy31s 1nerumentatlon system was 80%
completed during the period. The block diagram was revised and schematic
diagrams were drawn.. Work was begun on the wiring diagrams, the cabling
diagrams, and the rack and panel drawings.:@ The installation of racks in
the test building was drawn and approved.
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A specification was written for the eight cables to. connect the
field equipment with readout instrumentation in the analysis building.
The specification was approved.

Major components were ordered for the pressure, vibration and tenmera-
ture measurement subsystems.

Requlrements were established for analysis - -instrumentation- for the
t-c set lubricating oil system. A calibration system was incorporated
in the design to remotely check the pressure-transducers. A bottle of
pressurized nitrogen (regulated to a low pressure and compared to a pre-
cision Bourdon gage) is connected to a pressure scanner switch. The
pressure scanner switch routes. the calibration gas to any of the analyt=:
ical pressure transducers. The output of the pressure transducer is
compared- with the precis ion gage. The system permits calibration during
operation ' and checks the validity of data taken during tests.

Accomplishments - June:

Design continued on the analysis instrumentation system. The rack
assembly design was completed. The drawings needed for installing the
nine-rack assembly were sent to NRTS for the Increment I contractor.
Location and mounting design was initiated for the transducers and associ-
ated cabling on the power conversion skid.

The revised block diagram was approved and released. All rack
wiring diagrams were released for fabrication. The gas analysis system
specifications were sent out for bid. The cable bid was closed and the
bid package approved by IDO. The panels are being installed in the racks.
Drawings were completed for the pressure calibration panel and were approved.
A second pressure scanner system was purchased for the pressure calibration
system. Stainless steel tubing and solenoid valves were requisitioned
for the calibration system.

Specifications were written for most of the thermocouple probes,
and the probes requisitioned. Installation requirements were firmed for
all analysis instrumentation to be located on the reactor skid. The
specification was written for the flow computer.

Anticipated Accomplishments - July:

Fabrication of the rack assembly will be about 25% complete.

A layout will be drawn of the junction box to house analysis
instrumentation equipment for the power conversion skid, and detailed
design will be started.

Design will be initiated for the routing of cables from the‘'analysis
Junctlon box to the transducers mounted on the reactor and power conver-
sion skids.,
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Informatlon on. mounting temperature and pressure sensors will be .
collected. '

The pitot static tube will be ordered for the compresSOr inlet.

5. -Dynamic Analysis (Task451-250)

Summary - January through May:

A study was completed of the kinetics of the control system for
the ML-1 nuclear power plant. The two servo control loops (reactor out-
let temperature and speed) were'established and analyzed.

The reference control system is based on the concept of maintain-
1ng a constant inventory of working fluid in the. system, and by-passing
part of the flow to control the load. This is known as "by-pass control"
or "the constant mass system". (For equ11ibr1um considerations of the .
power plant control system over the ambient air temperature range, see
Task 51-870, Systems. Analysis.) The fast response feed and removal valves
required by the '"variable mass system'" are not needed in the constant
mass system, thus the latter system uses fewer ‘valves and controllers.
The constant mass principle assures greater reliability in the comntrol
system by its relative simplicity, and uses a slower speed regulating
blade actuator (about 13 sec). The variable mass system has the single
advantage of more uniform operating efficiency over the net output range
from no load to full load, but a supplementary by-pass control is re-
quired-to achieve satisfactory response rate of frequenty regulation.

In the reference control system, the temperature of the reactor
outlet gas, and therefore. the reactor power level, is. adJusted by changing
the position of the regulating blade (Figure 12). The position of the
blade is controlled by an error signal that represents the difference
between the measured temperature of the reactor outlet gas and the set-
point on the reactor outlet gas temperature .controller. Figure 13 is a
Nicol's* chart showing open amd closed loop gain versus response phase
angle,

* 1In a Nicol's chart, two coordinate systems are used: linear coordi-
nates are used for the lagging phase shift (in degrees) and the gain
(in decibels) of the open-dpop. Superimposed on this coordlnate system
is a set of curvilinear coordinates showing the closed- loop gain and
phase shift. The stabillty criterion is that the frequency response
curve passes to the right and below the points of -180° and 0 db. 1If
the curve is too close to the intersection of these points, the system
is underdamped and excessive ringing or overshooting can be expected.
The curve should be approximately tangent to the +2.db closed-loop gain
ellipse. The closed loop speed of response can be estimated by noting
the frequency value that corresponds to the point of tangency of the
closed-locp ellipse to the plotted response line.

- 85 .
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Figure 13 shows that the temperature control loop has sufficient range .
of "gain for stability ‘and quick responsé. This Servo loop is capable. ’
of controlling the reactor.exit temperature (1200 F) to within ¥ 35°F '

for a 100% step change in plant power output. The temperature is stabi-
lized within 40 'sec. The corresponding reactor coolant flow rate change
is 15% and is the result of closing or opening the by-pass control valve.
The reactor outlet temperature response to a one degree step in set point
temperature over the range of controller gain.is shown in Figure 14. The
curve Ke = 2.5 x 107 4 indicates sufficient .loop sensitivity. The curve
Kc = 0.6 x 10~%4 indicates a critically damped loop.

Turbine speed is controlled by by-passing a portion of the coolant
flow from the compressor discharge to the pre-cooler inlet (Figure 15).
The turbine speed is sensed by a pulse-integrating tachometer. .The ¢ ..
desired speed value is manunlly set on the controller, making use of a
position feedback loop to control speed. -A. Nicol's plot for the speed
contxol loop io ohown in Figure 10: Figure 17 shows a plot Ol the sys-
tem rocponoc for a 100% step chauge in planr oiutput power.

Dynamic analysis revealed that by-pass valve time constants up to

1.0 sec. can be used if supplemented by a lead network. Accordingly,

the reference speed control system incorporates such a lead network.

-A valve with a time constant .of 0.35 sec. is being procured. The kinetics
. study also shows that the constant mass design with a by-pass valve ef-
fectively regulates the turbine speed to design specifications. The

polar moment of inertia of the proposed turbine shaft (1 ft-lb-sec2)

in combination with an 0.35-sec valve and the lead network can.adequately
"limit the steady state turbine speed to within‘t 0.33% of rated speed.

Several other dynamic studies were made of the plant. Various
temperatures and pressures in the nitrogen loop after a scram are shown
.in Table 7,page 93. These results show it .is unnecessary to run.the
pre-cooler fans after a scram to prevent excessive temperatures in the
pre-cooler and compressor.

In addition,to the dynamic studies, the .following prohlems were
.solved on .the analog computer:

1) By-pass valve optimization problems were run with 0.1;,.0.2-,

w.. and 0.3-second time constants. A by-pass valve with .a time comstant
-equal to, or less. than, 0.l-second is sufficiently fast.without a
lead network. However, valves with time constants greater than
0.l-second sustain.oscillations in a number of system parameters
unless a lead network is used. The frequency and amplitude of
.Lhese occillations are dependeul un the time constants chosen.

2) Rapid set point .changes.of 100°F or morc in reactor outlet
temperatures will cause a power level scram. .The neutron level
-will rise to about 150% above normal. at full power under this
condition.

3) .An increasing load due to bearing failure (or other parasitic

losses) apparently caused no harmful effects on any system component
in the normal range of speed or temperature control. Neutron level did 5
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NICOL'S PLOT OF THE TEMPERATURE CONTROL SERVO LOOP
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RESPONSE CURVES OF TEMPERATURE CONTROL SERVO LOOP
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NICOL'S PLOT FOR THE SPEED CONTROL SERVO LOOP
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ML-1 TURBINE SPEED TRANSIENTS
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Table 7. SUMMARY OF ANALOG RUNS.

(Varlous Pre- cooler- A1r Welght Rates

During a Scram)

Pre-cooler Air Weight 18,00
Rate, 1lb/hr S

aﬁter Scram F[sec. _ . 32
(1) Initial wa at full power

(2) Initial T

ol at full power

0

3) .

4)

wa(l) Equilibrium

-Temp., after Scram QF. .- 195

T  Max. Rate-of -~ - - 1.4

pw °

Cooling F/sec.

le(z) Equilibrium 400 (j

Temp. after ScramZQF

Trho Initial szp.

at Full Power F 465

Trho Equilibrium . :

Temp. after Scram F ‘ 240

k?tof.' Equlllbrium o
, Temp after Scram F s 412

Tto Max Coollng Rate

25,000

173

1.1

355 3)

438

225

375

28

).

50,000

152

0.6

" 3003

430

180 @)

300

27

125°F beforerscram

850°F befoure scram

142

295 3)
430
150 @)
'}sé”

27

(3) Max. le cooling rate = 20°/sec
. N _ 0 .
) (4? Mex. ?rho ceq?lpg eete = 3 /eec
. . . . o e e
DEFINITIONS: ﬂpr = Pre-cooler outlet wall temperature, F
. o
T = Recuperator wall hot inlet, F
T = Recuperator outlet hot 51de (nitrogen)‘
rho :: o
temperature, F )
‘ Tto = Turbine outlet nitrogen temperature, °r

75,000

1D0-28558

"100,000

140

0.3

275 3)

430

150 @)

277

27
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not appear to rise within‘the”accuraey‘of the analog (¥ 5%) for an
increasing power demand, nor did any temperature become excessive.

Accomplishments - June:

Plans were written for the tests of the speed control loop-at
San Ramon and NRTS. Evaluation tests of calibration and frequencey
response were defined in rough draft form.

A start-up schedule and starting transient curves wére made ‘for the
ML-1 compressor inlet pressure, reactor outlet temperature, t-c set speed,
and the relationship of KVA requirements to time during a typical start-up
(Figures 18 through 22). :

Anticipated Accomplishments - July:

Programming will be completed for Lhe GTTIF analog, and the transient
temperature studies will be started. :

6. Process Instrumentation (Task 57-6XX)

Summary - January through May:

Process instrumentatién.. will indicate and remotely control the
reactor, power conversion and auxiliary skids. The primary gas and.
moderator water systems parameters will be displayed on a graphic panel
in the control cab. - Gas admission and gas storage valves and piping will
be displayed on 4 small graphic panel. Other necessary, but less import
tant parameters, will be indicated by meters on a separate panel.

Most of the specifications for the process inatrumecnts were written
during the report period and are either out for bid, or are being prepared
for bid, Details of the graphlc panels were prépared and are being
released for bid. -

Accoﬁplishments - June:

Five specifications were prepared and released in June. These
included specifications for the reactor outlet temperature instrumenation,
high pressure instrumentation, reactor scram outlet temperature high
instrumentation, moderator and lubrication oil temperature, and oxygen
instrumentation.

The spec1f1cat10n for the vacuum instrumentatlon was amended.

Tlie spec1f1cat10n and bld package for the process temperature in-
strumentation was’ approved by.IDO, and the purchase requisition issued.

The latest information was. incorporated into .the graphi panel
drawings.
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ML-1 AUXILIARY EQUIPMENT POWER SCHEDULE

2,

oW

[97]

3
1,
2,
3.
4,
S
3.
7.
8,
9,

10,
11,
12,
13,
14,
15,
16,
117,
i8,
19,
20,
21,
22,
23,
24,

WATER MAKE-UP

Fill Mixing Tank

Mix Boric Solution M-101

Pump into Shield P-501

Fill Moderator Tank

Moderator Circulating Pump P-201

TART-UP

Turn on car Instrument Power

Evacuate System C-301 P-301

Pressure System
Heat T-C Set Lube 0il

Shield Circulating Pump

Check & Run 011’ Recirculating System
Seal Pressure Bias System

Separator Compressor

Starting Motor

3 Precooler Fans

Moderator Pump P-201A

Check Scram Interlocks

33
1l

Check Magnetic Clutch Interlock

Pull Safety #1

Pull Safety #2
Pull Shim #1

Pull Shim #2
Pull Shim #3

Pull Reg. Rod

Reactor at 10% Power

Temperature Speed & Power Attalned

Moderator Precooler Fans

Main Generator Exciter

Electrical Load Transferred

*ON LY0dIY

NOTES:

A - POWER SUPPLIED EXTERNALLY

B ~ INDICATES. POWER INCLUDED IN CAB REQUIREMENTS

NUMBERS ABOVE BARS INDICATE KVA

86682-0d1
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10

LOAD TRANSFERRED

ON ML-1 GENERATOR

START MOTOR TORQUE
AND POWER DROP—-OFF

-fp-——————=——=-188,6 KVA

- s G > | - -] - —— oy o e a
- -

AUXILIARY EQUIPMENT LOAD DEMAND

b P

0L 09 oS ob oc 02 .0t 0
VAN - qE¥INddy YIMOd TVIOL AR .
06 FIGURE 19

HOURS
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1200

1100

=)
o
o
o

900
800
700
600

500

REACTOR OUTLET TEMPERATURE

400

300

200

100

MLfl START-UP SCHEDULE. -1 (T3 VS. TIME)

25° F CHANGE IN SET 1200° F RATED TEMP, AT 100° F ~ |
POINT EVERY MINUTE AMBIENT
SWITCH TO AUTOMATIC 1000° F RATED TEMP, ——
CONTROL AT NO LOAD
900° F =659 F AMBIENT —
REG. ROD / ;J
WITHDRAWA ]
MAXIMUM RATE OF TEMP,
INCREASE 90° F/MIN, -
RECUPERATOR LIMITING
/ MAXIMUM TEMPERATURE INCREASE —
O
RATED AMBIENT / INTO THE PRECOOLER 54°F/MIN,
'START TEMPERATURE DEPENDS ON
AMBIENT TEMPERATURE i
4,5 5,0 5,5 6.0

HOURS

86S82-00I °ON LYOd3Y
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COMPRESSOR INLET PRESSURE, PSIA

60 80 100 120 140 150

40

20

-

- TART-UP
ZCompressor Inlet Pressure Versus Time

E - 2

150 BSI

?RESSURE]HOT SYSTEM ——
]

| 1

EQUILI?RIUM
' [

. | ( ]
MAXIMUM ERACTCR OUTLET TEMP?ﬁﬁIgﬁEﬁ:)

A

“ij——HALF SPEED

1/4 SPEED FULL SPEED
START MOTOR .
TURNED ON REACTOR OUTLET —=
TEMPERATURE START .
TO _NCREASE
MAXIMJIM PRESSURIZATION
RATE 300 PSI/MIN. :
QT BY-PASS VALVE MUST BE KEPT BETWEEN
1 - 30% OPENING WHILE SEARCHING
FOR 3ELF SUSTAINING,
SET POINT AT 6100 RPM S — ! |
CRANKING MOTOR (E? AMBIZNT TEMPERATURE = 100°F
START AT 6000 RPM ——| ~ :

PRESSURE FROM

]

GAS SUPPLY
SKID \ l
TATMOSPHERIC 35 || TI'E TO HEAT LUBE OIL _
PRESSUR N & CIRCULATE SHIELD WATER
{
0 TO 40 M_N. DEPENDING
. y-EV.‘-\.(J,UATIOH *ON AMBIENT CONDITIONS
STARTS

N

— 'y

1.0 4.1 4.2 4,87 4.4 4.5

5.0 5.1 5.2 5,3 5.4 £,k

HOURS

'86682-0dI °*ON JIHOJTH

5.6 5,7 5.8 5,9 6,0 6.1 6.2 6.3
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SHAFT SPEED, RPM

Zz auno1d

22,000

20,000

18,000

16,000

14,000

12,000

10,000

8,000

6,000

4,000

2,000 |

ML-1 START-UP SCHEDULE (SPEED VS. TIME)

RATED TEMPERATURE
ATTAINED ‘:;;

=

STRATOS

rci,

INCREASED ALTERNATELY

& © SET POINT BEING

SWITCH TO AUTOMATIC
SPEED CONTROL -

INCREASE SET POINT -
1000 RPM PER MINUTE.,

1/2 SPEED (9000 - 11,000 RPM)

STARTING MOTOR SWITCHED O

REG, ROD.BEING PULLED

,/
yd . —} -1/4 SPEED (4500 - 5500 RPM)
. g L :
< SAFETIES, SHIMS & +_

I 5

5.0 5.1 5,2 5,3:5.4 5.7 5.8 59 60

- ‘HOURS -

6.5

86682-0dI °ON Luoday



Report No. IDO-28558

Preliminary wiring schematics were prepared for several of the
process instrumentation systems.

The conductivity bridge ordered for the conductivity system was not
received,

The specification and bid package for the control valves are being
prepared.

Preliminary design work was begun on the read-out system for the
bearing temperature instrumentation. A system schematic was drawn and
the design will be breadboarded and tested.

Special parts were ordered for the speed and temperature controller.

Specilicaltiond weéie wiltten £oF the vibration inarrumeneation und
for the oil pressure instrumentation for the transter compressor.

The closing date for bids on the overspeed valve was extended from
17 June to 1 July.

Anticipated Accomplishments - July:

Work wiil continue on the wiring schematics for the process
instruments. :

Development work will begin on the conductivity system.
A system for reading the temperaturea of bearings will bec finalised,

The graphic panel drawings will be released for bid.

7. Power Contral (Task 57-8¥X)

Summary - January through May:

Speciftications were written during this period for all major com-
ponents of the instrumentation for the control cab and power control
except the specifications for the control cables.

Major items purchased include. the control cab, the intercommunie
cation system, the battery supply for the emergency powér, the voltage
regulator, the load bank for testing the alternator and the ML-1 system,
and the meters for the power control instrumentation. The air conditicner/
heater -unit is the only major item still out for bid.

A full scale model of the control cab was built. The mock-up prc~
vided detailed information on space available, physical clearance prob-
lems, and internal cabling and wiring problems. The information was used
to revlce the 1ayout of the control cab greatly improving utilization of
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space (Figure 23). The control console design was completed and all
drawings of the framework released for fabrication. The console is
scheduled to be completed in July (Figure 24).

A-design.change made it necessary to revise the..schematic for power
instrumention. The design change was in the connection of the potential:-*
transformers:to the main bus from an open delta to a wye configuration

to enable metering single phase to.ground loads..

The vendor's preliminary outline drawing and schematic for the load
bank was received and reviewed. The load bank will be used in the final
test of the alternator and the ML-1 system (Figures 25 and 26).

A new panel for the entrance of the cable into the control cab was
designed and fabricated after a review of the rack drawings and construc-
tion information. -

A special light assembly was designed and the . lighting plan com-
pleted for the control cab. The lighting level with this plan is 25 foot
candles at desk level.

The appllcable military specifications.will be .utilized.in: spec1-
fylng the w1r1ng format to be used for the ML 1. system

The electrical requirements for the auxiliary skids (cable pallet
skid, gas drying skid, and waste gas storage skid) were completed..

Accomplishments - June:

The specification for the shock and vibration isolation system was -
approved and released for hid. Closing date for these bids 1s 15 July.

Liaison continued with the manufacturers of the load bank. Delivery
of the load bank is scheduled for 25 August. There is a possibility of
delivery being made as early as 11 August. The unit will be shipped
directly to Aerojet, Azusa, to facilitate tests of the alternator for the
ML-1 system.

A block diagram was completed to show the equipment and systems in
the control cab (Figure 27). The diagram shows the major components in
the cab, the anticipated completion and delivery dates, the scheduled
installation dates, and the wiring of the over-all system.

Liaison with the manufacturer of the control cab was continued
(Figure 28). Delivery of the control cab is scheduled for 28 July at
Aerojet, San Ramon.

Work continued on design and spec1f1cat10n of control cables. The
work should be completed in July.

The power instrumentation schematic was reviewed and two phase
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{

sequence relays were added to automatically monitor the three phase
power. If incorrect phase sequence is supplied, these units prevent
passage of current to equipment that would be damaged by incorrect phase
sequence. (These relays close a contact when the applied phase sequence
is correct, A-B-C, for example, but remain open if the phase sequence is
B-A-C, etc.) The synchroscope circuits were revised for semi-automatic
operation by two phase sequence relays.

Anticipated Accomplishments - July:

The air conditioner/heater unit and the shock and vibration isolation
system will be purchased.

The specification for the control cable will be completed and .
released for bid.

‘.Procedures will be"set up for wiring.the systeme.:according to appli-
cable military:spec¢ifications. ‘

The radio interference problems will be reviewed, requirements .
defined, and specifications and procedures set up for the final system.
These will be checked and included in the final test-program for the ML-1.

E. AUXILIARIES

1. Tacility Design (Task 51-510)

Summary - January through May:

The ML-1 facility design was completed and approved during the
period. 'The Hayes-Henry Construction Co. (Idaho Falls, Idaho) was the
successful bidder for the construction of the facility. A '"'Notice to
Proceed' was issued 23 May, allowing 185 days to complete Lhe concract..
The facility should be ready for occupancy by 1 December.

Aerojet recommended the following changes in oxder to provide the
facility with adequate equipment and accomodation so that the performance
of the power plant can be fully evaluated:

1) An enclosed corridor between the control cab and the auxiliary
control building.

2) A low pressure storage system for the gas coolant.

3) A fission product sampling system.

4) A transducer calibration system,

5) Additional pole and cable installationm.

6) Emergency pressurization for the auxiliary control building.
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VIEW OF THE INTERIOR OF THE CONTROL CAB MOCK-UP
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ACCESS DOOR FOR CONSOLE
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BLOCK DIAGRAM OF EQUIPMENT AND SYSTEMS IN THE CONTROL CAB
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Accomplishments. - June:

Construction of the facility was begun. The access road was graded
from the GCRE-I facility,. the water stand-pipe was installed at GCRE-I,
the leaching pits were dug, the construction sites for the auxiliary
control building and for the test building were graded, and 1nsta11at10n
was begun ‘on the power and 51gna1 poles.

ALayoutsﬂwere made to.show the location of facility furnishings and
test equipment in the auxiliary control building and the test building.

Additional: 1nformat10n was supplled on the proposed changes to the
fac111ty o .

" Anticipated Accomplishments - July:

Liaison will be continued at the construction site,
C The ""Schedule X' items will be shipped to the construction site on
3 July. The material originally was scheduled to be shipped 8 June, but
it will not be needed on-site until 8 July.

: Englneerlng support of equlpment changes will be contlnued as request—
ed by 1DO. :

The coordlnatlon and shlpment of government-furnished eqnlpment
will be continued according to 'Schedule X."

2. Shock Mounts (Task 51-520)

Summary - January through May:

Test data from the ML-1 rallroad shock tests were analyzed and. incor-
porated into IDO-28555, 'ML-1 TRANSPORTABILITY STUDIES.' Instrumentation
was designed and assembled for component testing of the shock mounts.

Environmental tests were conducted on the present design to deter-’
mine dynamic response. Test conditions were varied to provide elastomer
temperatures of -65, -30,.0, 75 and 150°F.

The shock mount system was analyzed to determine composite shock
reduction by the interaction of shock mounts and nylon tiedown systems.
Data and conc1u51ons from shock mount dynamic tests are reported in
IDO-28555.. :

. Elastomer weight and performance was ¢op.timized. A size evaluation
test was completed to determine the change in characteristics of the
rubBer mount as the size is decreased. The outside diameter was decreased
and the inside diameter held constant for one series. Both OD and ID
were reduced proportionately in the second series. In the first series,

a 207, decrease in OD produced a 127 increase’in déflection. In the second
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series, a 39% proportional reduction in OD and ID also produced a 12%.
increase in deflection. The resonant frequency of the reference elastomer
increases only an average of 9% over the predicted shock mount operating
range. The weight of the reference elastomer is 25% less than the experi-
mental mount.

Layout sketches of the present reference shock mount design were
prepared (Figures 29 and 30). The reference design utilizes skid beams.
The design based on a testing program, optimizes the size and weight of
the shock mount system.

The two designs are compared in Table 8. The reference skid beam
design represents a weight savings of approximately 220 1b in the shock
mounts for the power conversion package. .

The effect of radiation on the reference silicone elastomer (SE-565U)
was evaluated, Data were obtained from HAPO, Richland, Wash. SE-500 series
was the best of the silicone group tested and remdined flexible after a
radiation dose of 108R (equivalent of 20 years of full power ML-1 oper-
ation). Figure 31 shows that at the end of 5 yrs of full power operation,
the hardness will have increased by approximately 10%; tensile strength
decreased by 21%; and elongation decreased by 45%. The hardness increases
to only 16% even if the operational radiation level was twice as great
(1000 R/hr) as predicted. The elastomer safety factor (based upon tensile
strength) is approximately 2 at the end of 5 years of reactor operatioms,
The shock isolation properties of the mounts after 5 years of ML-1 oper-
ation at full power are shown in Figure 32. The operating curve remains
under the maximum allowable transmitted shock throughout the entire envi=-
ronmental temperature range.

Accomplishments - June:

Fabrication epeeifiecations were completed for the shock mount
assembly. Detail drawings were prepared and the assembly released for
bid. : .

Final design work continues on the skid beam assembly The draw=
ings .are.-about: 65% complete. :

Anticipated Accomplishments - July:
The skid beam assembly design will he completed. :

The fabrication contract will be let for shock mount aséembly.
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EFFECTS OF RADIATION ON SILICONE: RUBBER:
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MAXIMUM VERTICAL SHOCK LOAD vs OPERATING TEMPERATURE RANGE

(FOR 5 YEAR RADIATION EXPOSURE FULL POWER ML-1 =
BASED ON MAXIMUM SHOCK FROM FULL-SCALE MOCKUP 'I'ESTING AT 75 F)
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1
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TABLE 8 TABULAR COMPARISON OF DE;SIGNé
PROPERTY 1TENM . INDIVIDUAL.. SOL1D 'SKID BEAMS
: ART{ CULATED . (4 REQUIRED)
“SHOCK MOUNTS - A
SIZE Rubber Inserts 6.75 in-0,0, 5,75 in 0.0, * o
Number / Pkg 4 HA . b
‘Total Required 25 28
Bottom Plate Contact Size Reactor) 16 in % 12 in -
Bottom Plate Contzct Size(P=C Unit)’ 10 in x 17 in -
Bottom Plate Full >|2L{neactor) 10-in x 15 in - E3
Botzom Plate Full Size(P-C unit) 10 in x 20 in e .
Skid bead Zontact Sizeffeactor) - 8.5 in-% 105 in-
Skid Beam Contact 5ize(P=-i unit) - 8.5 in x 162 jn’
Skid Beam Full 5i2e (Reactor ) - 8.5 in x 11l in.
Skid Beam Full Size(P-C Unit ) - 8.5 in x 168 in-:
Height with 16 static load 5,38 in 5.38 in »-t i
. : 2 in center to center ) .
Link Lengths Reactor 5 in overall None :
P=C Unit € in center to center
: - 11 in overall 5
" Each | Quan, Total Each Quan, Total
WEIGHT . 1bs) : {ibs) (1bs) : {1bs)
Rubber Inserts 5,63 | 28 157.4 (k4,16 28 . 116.§
Top Cone 3,01 28 8k L 73,01 28~ - | 8hk
Bottom Plate Assy, Reactor 11,5 L 161,0 - e -
’ P-C Unit 32,9 14 460,0 - - -
Skid Beam . Reactor - - - b9 2 198,0
P=C Unit - - - 156 2 312,0
Links Reactor 0.55 | 24 L.t 16,0 L{vert)] 24,0
" P=C Unit 1.61 1 24 1 38.7 6.C d(vert)l 24,0
Pins 0,26 | 64 16,8 - - -
End Linkage 12,0 8 95.0 - - -
Stainless Steel hoops - Co- - 1,58 .| 28 | Lk,2
Nuts & bolts - 100 10.4 - 100 . | 104
Totﬁl , Reactor 360 Reactor . ' 355.
Weight Pwr Conversiop 682 . Pwr Conversion . | 465
BEARING Package Aircraft Aircraft Actual Dead Factor | Actual Dead Factor
LOADS ON . . Allowsbdle Veight Bearing of veight Bearlng of -
AIRCRAFT Bearing Loadg Load Safety } toad i} Safety
FLOOR % - -
Reactor g-124 16,6 psi 9.6 psi 7 10,8 psi L ] s
c-130 20 psi 9.6 psi 2,1 10,8 psi 1.8
c=133 0 psi 9.C psi 5.2 10,8 psi L) B.6
P-C Unit c-124 +10 psi 7.3 psi . S Tt 7.2 psi 1.4
. c~-130 t7.5 psi 7.3 psi 1.02 7.2 psi . 1,54
) €-133 50 psi 7.3 psi 6,9 7.2 psl»’_;j- T 6,3

W

‘ Yeight tabulated for shock mount assembly only ~= no tte-douns |ncluded

g
B

s All bearing loads based on 2' shoring on airctaft floor with a 459 Increase of bearing area through the wood,
off treadway allowable bearing loads,

+
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3. Field Applications (Task 51-530)

Summary - January through May:

Dynamic drop tests were performed on.nylon rope at various envi- - -
ronmental temperatures, completing fhe evaluation .of its use in the
shock isolation and tiedown system. Seventy-seven tests were performed
through a temperature range from -65 to 150°F. Analysis indicated that
the nylon rope had adequate shock absorption over the specified range, :
and the rope was in good physical condition after repeated low temperature
shock runs.

Lowéring the temperature of the rope from 70 to -65°F lowered pre-
tension from 1000 to 600 1b. This shows that adequate tension will remain
in the rope if an aircraft is loaded in a temperate = climate and flown
to theée Arctie. -

A complete discussion of nylon testing will be found in the Trans-
portability Studies, ML-1 Nuclear Power Plant, (IDO 28555) April 1960.
This report discusses the testing programs undertaken to determine the
transportability of the ML-1. The report covers trailer transport, air-
craft loading tests, railroad shock testing, and component environmental
tests. Detailed appendixes show original data, such as tapes and charts -
made by various recording instruments, illustrations, time studies for
loading operations, and conclusions.’

A 16.mm.colot:motion pi¢ture was made ‘of the railroad.shock tests.

An analysis was made of aircraft emergency landing shock with data
obtained in the railroad and dynamic shock tests. The analysis considered
an emergency landing speed of 100 mph and included the effects of friction,
Accelerations were plotted as a function of time after impact. It is
concluded that twelve 5-ft lengths of nylon rope will reduce an emergency
landing shock to less than 5 3 at rope tempcratures down to O 'F. Thie
arrangement is satisfactory since the cargo compartments of all transport
aircraft are heated. o

A preliminary design criteria was completed £or the environmental
shelter. The recommended shelter consists of lightweight sandwich-panel
construction supported by aluminum frames. The analysis included heat
loss calculations, definition of heater types, and recommendations for
winterization.

A seminay sponsored by the 11, 5. Army fSnow, Tce, Permafroat Reacarch
Establishment (SIPRE) was attended in April. The purpose of this seminar .
was to acquaint ANPP prime contractcors of SIPRE activities and to brief
SIPRE people on ANPP projects. The environmental report was reviewed by
SIPRE personnel. '

A personnel radiation dosage study was performed. The study covered
the following subjects:

- 116 -
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1) A review of representative .transport cycles:of ML-1 reactor.

2) Estimates of cumulative personnel radiation dosages for each
" transport cycle. ; : D

3) Loading and handllng procedures to lnsure minimum personnel
exposure. :

4) Choice of most expedient transport scheme for certain sets of
tactical circumstances.

5) Number, organization and deployment of personnel involved in
transport cycle.

Five basic transport cycles were shown to be practical for expedient
movement of an activated reactor. (An activated reactor is defined as
one 24 hr after shutdown with fuel elements and moderator water in place
after full power operatlon for 10,000 hr.) Spec1f1c procedures for trans-
port were outlined.

- A rough draft ofa formdl evaluation of the tiedown and the horizontal
shock isolation system was prepared. Detailed discussion of the shock
isolation properties of the tiedown system, its advantages, and test data
were included in the evaluation.

Desmgn and stress analysis were completed for the f0110w1ng hardware:

1) A spreader bar lifting assembly for crane-lifting ML-1 packages.

2). A nylon rope pre-tension device, two of which are to be included
_as tiedown hardware for each of the two main packages. - These devices
will replace the:26 turnbuckles-per package specified earlier. The
devices will rapidly stretch the nylon rope to 2500 pounds before

it is inserted into the tiedown system. The nylon element will
approach and then -maintain a pre-tension of 1000 ‘to 500 1b. The
device is normally operated by two men. It is equipped with a
spring-type load indicator/safety overload feature.

Accomplishments - June:

Detail drawings of the loading hardware were started and are about
25% complete.

A rough draft was completed for a study of removing the decay heat
from the reactor during transport. Power availability on the transport
media,mdximum non-stop flight times, alrcraft pressurization and cargo
temperatures were summarized, and various methods of cooling were discussed.

A layout design was completed for a mating device to expedite cou- .-
pling the reactor package to the power conversion package. The mating
pin will align the packages to within 0.06-in. each time they are coupled.
The alignment pins also will correct for about %-in. of package misalignment.
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Anticipated Accomplishments - July:

Detail drawings will be completed for the spreader bar and the pre-
tensioning device.

. A dosage study reporﬁ and a tiedown .evaluation repbrt,will be
published.

Design of lightweight high-strength shackles will be initiated.

4. Systems Integration and Liaison (Task 51-200)

Summary - January through May:

A piping and instrument (P and I) diagram was completed for the
primary, or normally operating, process systems. This dlagram illus-
trates the process equipment on the reactor and power conver sion skids
and includes the primary gas system, the lubrication system, and the.
moderator and shield water system (Figure 33).

A second piping and instrument diagram was prepared for all of the
process systems on the auxiliary skids, including the gas storage skid,
the gas make-up skid, the make-up water treatment skid, and the reactor
drying skid (Figure 34).

The primary system diagram shows the lubrication requirements for
the Stratos t-c set. An overlay was prepared, showing the Clark t-c set
requirements. .

Supplementary process design data has been prepared in conjunction
with the P and I diagrams. This includes operational and analysis instru-
ment lists, mechanical equipment list, valve list, pipe line list, and
outline piping specification. These lists contain the basic process..
requirements for each item and refer to specification and purchase order
numbers.

Accomplishments - June:

P and T diagrams were completed for the primary and the auxiliary
systems and approved. The supplementary lists were completed.in a pre-
liminary form. : '

Anticipated Accomplishments - July:

The P and I diagram for the Clark t-c¢ set will be completed and
approved. The supplementary process data lists will be released for
review in a preliminary form. :
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5. Fluids Processing (Task 55-400)

Summary - January throuéh May:

. The engineering specification was prepared for the MLfllmoderator
water de-mineralizer, and bids were evaluated. The component will be
procured by Task 58-300, Reactor Auxiliaries.

Detail design was initiated on the gas storage system and gas make-
up systems. The final design will be completed when equipment drawings
are received from the vendors. The gas transfer compressor and vacuum
pump were ordered. - Engineering specifications were issued for the high
pressure storage spheres, solenoid valves, and gas admission control
valve.

The U. S. Army Corps of Engineers was requested to supply drawihgs
and military specification. on pumps and collapsible tanks for use in the
make-up water system.

Methods of boron anélysis in the field were developed in the labora-
tory. These techniques will be used to.ensure that the quantity of boron
in the anhydrous boric acid will satisfy safety and shielding requirements.

. A hot air drying test was performed with a prototype fuel element
soaked for 24 hr in water to saturate the 1nsu1ation° The test element
was dried completely in two hours by a flow of 600°F air at the rate of
16 1b/hr through the element. These conditions simulated the average
temperature and flow conditions to which the ML-1 fuel elements will be
exposed during reactor drying periods ‘after. flooding the core,

Detail design was started on the reactor drying equipment and com-
pleted except for final checking of dimensions. Procurement was initiated
on longer lead items such as the blower, the temperature controller and
the heat elements. The equipment will be able to deliver about 1000 lb/hr
at 600°F, and will be mounted as an integral assembly on a skid base.

The detail design of the ML-1 cable storage skid was initiated and
completed during the period, and procurement initiated. The cable storage
skid will store four 550-ft lengths of power and control cable during
transport. The cable reel is motor-operated.

AccomplishmentsA- June:

Design of the gas make-up and storage systems continued. The vendor
.drawing of the gas transfer compressor was reviewed and comments forwarded
to the vendor. The bids for solenoid valves were evalaated. A manually-
positioned needle valve was substituted for the remotely operated, variable

orifice gas admission valve.

Final checking of the dimensions of the reactor drying equipment
design was completed and the drawings released for fabrication. Procure-
ment of material continued.
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Procurement of material for the cable reel skid continued. The
lower skid base was fabricated.

A specification was prepared for the make- -up water de- mineralizer.
Advance quotations were requested coverlng the SOO-gallon collapsible
tank.

Anticipated Accomplishments - July:

Design of the gas handling system will continue, and information
from the vendors will be. incorporated when received. A purchase order
will be issued for the solenoid valves.

Major components of reactor drying equipment will bhe procured and
fabrication completed on the skid base, heater chamber, and electrical
panel.

Procurement of materials for the cable reel storage skid will be
completed. The cable reel spoolc and support assemblies will be
fabricated. v

A purchase specification will be issued for the make-up water

demineralizer. Development of the equipment needed for the boron test
kit will be initiated.

6. Environmental Testing -and Support Equipment (Task 51-550) -

A draft of environmental testing procedures for the ML-1 was pre-
pared during January and issued for comment. The draft defined the pro-
cedures for shock and vibration tests, environmental tests, and thermal
.shock tests. It also summarizes the facilities and test equipment needed
at San Ramon for these tests.

Work on this task was halted in February when .the respomsibility
. for performing -environmental tests was given to the tasks respomsible -~
for pfocuring .the equipment.

1. Mechanical Power Conversion Equlpment (‘rask 55-800)

Summary - Janquy'through May:

a. Arrangement of the Fower (onversion bkid: "“The feasibility of deereas-
ing the width of the power conversion skid to provide better access during
shipment on the C-130 aircraft was studied in January. The study showed
that the narrower skid would involve a re-design of the pre-cooler and
recuperator which would limit performance. The re-design also would
seriously delay fabrication of these components. It was decided to retain
the original width (113-in.). :

The overall. length of the power conversion skid was increased from
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162 to 168-in. The additional length provides for optimum arrangement of
piping between the recuperator and the reactor, and additional space for
the t-c set lubrication system. The combined reactor and the power con-
version package dimensions are still compatible with the use of a '"Hyster"
trailer.’

The arrangement drawing of the power conversion skid was brought
up to date in February to show the latest equipment dimensions, the
change to an .eight-fan pre-cooler and the final recuperator dimensions
49-in, in diameter by 8l-in. long (including insulation). The changes
in dimension were the result of optimization for effectiveness and pres-
sure drop. A study was initiated to determine the feasibility of com-
bining the pre-cooler, moderator cooler and the oil cooler in one unit.

A six-point support system was firmly established in April for: the
t-c set alternator and recuperator. The recuperator is rigidly mounted
to the skid floor structure by four legs which are symmetrical about the
vertical centerline of the rotating equipment. The alternator is mounted
on sliding feet to accommodate thermal expansion.

Alternate methods of supporting the recuperator were reviewed in
May in an attempt to reduce the maximum moments at the turbine discharge/
recuperator inlet flange. The most practical system uses a trunnion at
each. end of the recuperator. This system would reduce the moment at the
turbine discharge/recuperator inlet flange by 50%, but would transfer an
excessive load to the pre-cooler inlet flange. However, a study indicated
that the anticipated maximum moment at the t-c set flange would be about
407% less than previously estimated, due to the flexibility of the recuper~
ator shell. Consequently, the study of alternate mounting systems was
discontinued.

The 1/8 scale model of the power conversion assembly is being used
to establish assembly procedures for installing and assembling the power
conversion components in the available space.

b, Skid Structure: Aluminum was selected in January as the best material
for the structure of the power conversion skid. The main advantages of
aluminum are high resistance to shock and corrosion, high ratio of weight
to strength; ready availability, and ease of fabrication. Design of the
weld areas was based on the allowable stress for 6061-T6 aluminum. A
study showed it .was not feasible to use the structural floor members for
lubricating ¢il sumps due to the pressures and temperatures involved.

The structure of the skid floor was analyzed to determine the maxi-
mum moments imparted to the recuperator shell. The moment, based on an
infinitely stiff recuperator shell, was calculated to be 500,000 in.-lb
applied to the turbine discharge flange or the supports opposite the
flange. The study showed that the longitudinal forces from transportation
shocks and operating conditions should be transferred to the skid structure
at the reactor side of the recuperator. A relatively simple six-point
support system (four on the recuperator and two on the alternator shell)
was selected. :
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The analysis of the basic structure of the power-conversion skid
was essentially completed in April. Stress diagrams were prepared for
the truss in all critical conditions, and sizes were determined for the
truss member, the floor members and the sheet thicknesses. Layout,
assembly and detail drawings were initiated for the skid structure.

The deflection of the skid structure under the most severe load
conditions and the resulting deflections and loads in the t-c¢ set,
recuperator, and pré-cooler were studied in May. The results showed
that the most critical transportation conditions: for the turbine discharge/
recuperator inlet flange occur under a combined load of 4.5 g upward and
5 g aft. However, the flange is designed to withstand higher combined
loads. The deflection of the power conversion skid is about 0.75-in.
from the highest to the lowest corner when the reactor and the power
conversion skids are connected and supported at opposite corners. This
condition: is not critical since it primarily results in a change of atti--
tude of the t-c set and the recuperator rather than the impesition of
stréess on the components. However, the minimum wall thickness of the
3-in. tubular truss members was increased to 0.187-in. (from~0.125-in.)
to reduce skid deflections. -

The tie rods and tubular chords in the upper plane of the skid
structure were incorporated into the pre-cooler structure in May. This
design change improved accessibility and eliminated interference between
the pre-cooler duct inlet and structural members.

Cc. Main Piping: The heat exchanger manufacturer established in January
that at least a l4-in. pipe between the recuperator and the pre-cooler
was required to mihimize pressawre drop. The increase in size made it neces-
sary to eliminate. the expansion joint in the line and to mount the pre-
cooler on springs. It was decidedithat the manufacturer of the heat exchanger
would supply the interconnecting pipe, and that the piping between the
compressor and the recuperator would be included as part of the t-c set.

A proposed layout of the piping between the pre~cooler and the
recuperator, and between the pre-cooler and the compressor was received
from the vendor in March. The layout was reviewed and alternate routings
were suggested to the vendor.

The design of insulation for the turbine inlet and compressor dis-
charge ducts was influenced by the requirement for reflective multi-layer
internal insulation in the piping for the reactor. The insulation origin-
ally selected was predicted on the need to flood the reactor with water
during fuel element changes, Preliminary information showed that a
metal-éncased blanket-type insulation was superior to the reflective type,
particularly since a period of operation might reduce the reflective
properties.

The designs of the pressure-balanced expansion joints were rcviewed.
These expansion joints will be used in the main piping to minimize the
loads on the piping and other components. Two types were considered, an
elbow joint and an expansion joint. Calculations were initiated to deter=-
mine the amount the bellows would move as the result of thermal expansion.
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The routing and design of the recuperator to pre-cooler piping was
established in Aprll The pipe w111 lncorporate two vaned, mitered
elbows.

The routing of piping between the pre-cooler and the compressor
was simplified by incorporating a compact expansion joint assembly.

Specification control drawings were initiated in May for the expan-'
sion joint. Evaluation of the internal lnsulatlon materlals for the
turbine ‘inlet and reactor inlet line contlnued

d. Pipe JOints, Flanges and Gaskets: A reference flange design was
selected in April as a result of testing a number of designs. This -
reference design uses Flexitdllic gasket and bolted flanges. Each flange
~was specially designed to use minimum diameter and weight to meet. the
operating conditions. These flange joints are bulkier than the previous
design without any increase in weight. As a result, adequate assembly
space will be provided for either design.

A joint made up of standard 300-1b flanges with a Flexitallic
gasket (0.125-by 0.75-in.) passed leak tests whilé being subjected to
combinations of pressure and bending momerit.

A standard flat-face flange joint was adopted as the reference
design during May in place of the. tongue and groove type préviously
specified for the recuperator discharge/reactor inlet and the recuperator
discharge/pre-cooler inlet connections. The new reference flange has
one face recessed to contain the: gasket seal. The design facilitates
the removal of the recuperator by eliminating the need to remove the main
piping. Wherever possible the dimensions of the flange gasket groove
were standardized. ‘

e. By-pass System: The preliminary piping layout was drawn for the con-
trol by-pass piping and related equipment. This layout is being modified
as firm dimensions of components are received.

Preliminary proposals were received in April for the relief valve,
were reviewed, and the preparation ¢6f’a revised procurement specification
was initiated. :

f. Instrumentation:

A study of the feduiremehts of the proposed instrumentation was
initiated in March. The study included the preparation of an instal=:'.
lation skid.

A preliminary design was. prepared of the connections for the thermo-
couple and pressure transducers.. These connections will be brazed to the
component housings of the main piping, and will provide a 1eak—proof '
seal that can be replaced w1thout affecting either the piping or the
componenets.

g, Skid Model: A new 1/8 scale wooden model of the power conversion
skid was completed. It incorporates all of the latest changes.

= 125 -



Report No. ID0-28558

The full-scale model of the bower conversion skid was revised and
is being kept current with the latest decisions.

Accomplishments - June:

a., Skid Structure and Mounting of Main Components: The skid structure
layout was revised to incorporate the new shock isolation system and
provide attachment points for the linkage needed to transfer longitudinal
loads from the skid to the elastomer beam.

b. Main Piping: The maximum differential expansion of any joint was
found to be less than 0.30-in. in calculating the expansion joint move-
ments due to thermal expansion. Calculations are being made to deter-
mine the movement of joints during transportation due to the flexibility
of the assembly. Specification control drawings are being prcpared for
the expansion joints. '

The design of the turbine inlet screen is being ctudied. This
screen will prevent entry of any large corrosion product particles into
the turbine. Such a screen is being considered for temporary use at the
compressor inlet to collect debris after assembly or overhaul.

Evaluation of piping insulation continues because complete infor=-
mation on alternatives was not available. :

c. Pipe Jointsg, Flanges and Gaskets: A 10-in. Marman Conoseal joint
(with gaskets 0.060-in. thick) met all leakage requirements during tests
wherein it was subjected to the complete series of comhined pressure and
bending moments during. temperature cycling from amhient to 900°F.

The Flexitallic gasket joint (with standard 300-1b flanges) passed
four thermal-cycling tests. Six more tests willl be made.

Gaskets wereordéred and fabrication initiated on a lightweight
Flexitallic gasket joint such as will be used at the compressor inlet
connection. The completed joint will be tested,

d. By-pass System: Work continued on the layout drawing of the components
and the piping of the by-pass system,

The procurement specification. for the relief valve is being revised
due to changes iu Lhe gas make-up System.

The particulate filter will be eliminated from the by-pass system
because an equivalent filter is provided in the t-c seal gas system.

e. Instrumentation: The study of the instrumentation requirements and
the installation drawing were broadened to include the turbine discharge
temperature and pressure probes. Special probes and bosses are being
designed because of the configuration of the connection between the
turbine exhaust and the recuperator.
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Work was begun on a layout of the process instrumentation,

f. Component Arrangemenﬁ} Work continued on the study to establish
assembly procedures for the power conversion components.

g. Scale Model: Fabrication continued on the full scale model. Models
are complete for the Clark t-c set, alternator, recuperator, pre-cooler,
compressor inlet and. outlet ducts, recuperator/pre -cooler duct, and lub-
rication oil sump. The pre-cooler structure mock-up is belng made.

h. Materials and Lubricants: Materials for use in the expected radiation
field were studied. The materials include constructlon materials, elas-
tomers and lubricants.

Anticipated Accomplishments - July:

The skid frame assembly dfawings wili be completed and released for
fabrication.

Work will continue on the main piping drawings.
Proposal requésts will be sent to manufacturers of expansion joints.

-The procurement specification for the by-pass relief valve will be
completed and quotations will be requested.

Work will continue on the study of the turbine inlet screen.

Work will be initiated on a study of a temporary screen for the
compressor inlet.

The full-scale models of the main loop components and piping will
be completed and work will start on the models of the by pass and lub-
rication system.

Evaluation will be completed on the piping insulation. The type
ol insulation will be selected, and work initiated on the layout of the
design. ‘

Thermal-cycling tests will continue on the Flexitallic gasket joint.

Testing will. start on the lightweight Flexitallic gasket joint.

F. THE ML-1A

Summary - January through May:

The ML-1A program was planned in this period as it will be executed
during fiscal years 1961 and 1962. The goal of this program is to pro-
duce a set of drawings, specifications and. operating and maintenance
instructions for use in a bid package. These items are to be completed



Report No. ID0-28558

by 31 May 1962.

Searches were made of applicable government specifications and
.regulations for.each of the three parts of the program: drawings, speci-
fications and manuals. Proposed work scopes were drafted .as a basis -
for orientation meetlngs with specialists in .the U S. Army Corps. of
Engineers.

Detailed lists were prepared to show the items to be delivered to
the customer, including assemblies and sub-assemblies for which there
- will be both drawings and specifications; and chapter.and .sections head-
ings for the manuals and the hazards summary report.

Accomplishments - June:

The scope of work for the ML-1lA project was establiched as follows:

‘1) . Prepare operating and maintenance manual drafts in the form of
can ML-1 "mainlenauge package' according to AR 750-6. The eud
.product of this effort will be a preliminary draft of operators'

and organizational maintenance manuals in.accordance with the
format set forth for Department of Army -10 and -20 Technical
Manuals. Insofar.as possible, the procedures set forth .in the
maintenance :package will be "job tested" at the ML-1 operating site.

.2) Prepare the ML~1lA summary hazards report in .accordance with
Army standards governlng hazards reports for m111tary field reactor
plants.

*3) :Prepare the ML-1lA specifications, including general and detailed
specifications for the commodities. and processes necessary to pro-
duce the ML-1lA power plant. Specifications will also include com-
‘plete materials lists, parts,.sub-assembly :and assembly lists,.and
.a detailing of services and fabrication methods involved. Speci-
-fications will be prepared in.accordance with $tandardization
Manual M-203, Military Qutline of Forms and. Instructlons for Prepara-
tion .of Specifications.

.4) :Prior to drawing pubdldication, the ML-1 design will be reviewed
.in .the light .of operating experience with the ML-1l. Similarly, the
materials used in the ML-1 system, the assembly tooling employed
during fabrication, and .the tolerance and surface finish require-
ments will be reviewed in the light of operating experience and
Fahrlcatlon hiotory.
.The final draft of the plan recommended for the ML-1A program

was. completed.

Anticipated Accomplishments - July:

The ML-lA'program plan will be published.,

Implementation of the ML-1lA work scope will be'begun.‘
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IV. FUEL ELEMENT DEVELOPMENT

A.  SUMMARY

1. Major Events:

a. January through May: Drawings for the IB-2L were réleased in Jan--
uary and core fabrication initiated. The loading of this element was
revised in May as a result of the critical experiment to equalize sur-
face temperatures by increasing the loading in the outer p1ns and
eliminating the fuel in the central pin.

A preliminary design study indicated that the seven-pin fuel
element does not significantly improve performance over that obtain-
able with the 19-pin design. A modification of the IB-2L 19-pin sys-
tem has greater promise. " ’ I

A corr031on test Specimen of Hastelloy X exposed for 5000 hr in
air at 1750°F showed 0.0016-in. penetration. This compares with ’
0.0015- -in. penetration in reference gas (99.5 vol% N, + 0.5 volA (o} )

Be0-UO, capsule 1rrad1ation was completed withoabout 2 atom.%
U-235 burn-up at maximum surface temperature of 1740 F. No signifi-
cant changes in density, dimensions or appearance were noted.

The IB-2T-2 irradiation test was completed in May after about
800 hr of operation, including 1147 thermal cycles between 1000 and
1600°F without any evidence of malrunction.

b. June: The irradiation of the GCRE-I plate-type element (I-3P)
was completed on 27 June after 429 hr of operation,

The IB- 2T-1 test was 1nit1ated in May and has operated 809 hr~
(as of the end of June) w1thout evidence of malfunction.

Hot cell examlnatlon of the B-2T-2 element revealed no 51gn1f1-
cant change in ‘the element.

2. Problem Areas: Pre11m1nary exper iments show that UO, and BeO-UO
pellets oxidize readily at: 1750°F when exposed to gas wi%h trace
quantities (2 to 3 ppuD of oxygen, -
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3. Schedules: Fuel element development is about on schedule at the
end of the report period.

B. 1I-3P FABRICATION AND IN-PILE TESTS (Task 23-950)

Summary - January through May: Failures of blower bearings and belts
delayed the insertion of this test element. The blowers were returned
“to BMI for re-work and testing. When a bearing or a belt failed, a
standby blower was put in operation for the remainder of the cycle.

If a belt failed, it was replaced during the between-cycle shutdown.

1f a bearing failed, it was replaced with a spare unit during shutdown°

' The I-3P element was inserted into the loop during the ETR shut-
down that started 23 May.

Accompllshments-- June: Irradiaticn of thls element began 5 June and -
terminated on 27 June after 429 hr of successful operation. With the
ETR at 175 mw, theoelement operated between 61 and 67 kw at an inlet
temperature of 670 F and -an outlet temperature of 1150 F. The pressure
drop was 5.2 psi at 1630 1b/hr flow. The static pressure was 195 psig.
The element was shipped to. the: GCRE~I site and stored after it was re-
moved ’ .

When irradiation began on, the .I-3P, it was apparent that two
parameters of the element would be different from those predicted.
Thermal measurements showed that the element was operating at higher
than predicted power, and the pressure drop across the element was low-
er than predicted. -These parameters did not vary consistently from
their predicted values and it was obvious that at least one parameter
was in error. The:lack of available parameters to perform the necessary
heat balance made it impossible to determine the source of the error.

Anticipated Accomplishments - July No further work will be performed
on this task. '

C.- FUEL ELEMENT IB

-1, " TIBx Analy51s (Task 21-1XX)

a. Fuel Analysis

Sﬁmmary = January tﬁrougthayn

1) Pin ‘to Pin Power Ratios for the ML-1: HECTIC calculations were
made to determine the most desirable power distribution in the ML-1
fuel element. A typical calculation for a range of power ratios for

a system using 19 pins is shown in Figure 35, A minimum temperature

is predicted in a region where the outer row of pins has about 35% more
power per pin. than the intermediate ring of pins, A temperature of
1420°F is predlcted for this ratio. '
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Measurements in the ML-1 IB critical .experiment showed. that pin to
pin power ratios were as low as P3/P2 = 0.8 (power per outer pin .to power

‘per. intermediate pin) producing a predicted temperature of 1600°F 180°F
. above a possible minimum. Uranium was added to the outer row of pins and
‘the central pin was left unfueled to avoid this high temperature. The pre-

dicted temperature for a bundle with an unfueled central pin is shown in

'Figure 36. The new configuration has a predicted .typical P3/Py. = 1.1,

and ‘a predicted nominal temperature of 1460°F Average heat flux ratios
are, of course, increased. ’

2) Pressure Drop for the ML-1: It is desirable, in achieving a minimum
pressure drop im a core, to flatten radial power as much as possible. Pre-
liminary calculations and experiments on the power distribution from cell
to cell indicated a radial peak to average ratio of 1l.1. Using measured
data on pressure drop, and this ratio, a pressure drop of 11.6 psi through
the element was calculated for the fuel element at reference condltlons

.The 15 psi quoted in Appendix B allows a safety factor

3) After Heat in the ML-1l: Calculations were made for three cases in

which.the reactor is cooled without full coolant flow: for normal scram;
for loss of coolant; and for shipping with the moderator drained. 1In. the
case of a normal scram, the turbine cools the core as it coasts to a stop.
It was found that the maximum pin. temperature in a fuel .element drops from

a hot spot temgerature of 1750% to 1160°F in 40 seconds, then rises to

a peak of 1630°F after 550 seconds.

In the case of a scram and loss of coolant 6ccurring at the same
time, the temperature rlses from 1750°F to a peak of 2210°F in 145

. seconds after scram.

It was found that the moderator water .should.not be completely
drained if the reactor is to be shipped 24 hr after running one year.
The multiple shields insulate the fuel elements from ambient air to an .
undesirable extent when .the moderator is drained.. Natural convection
of moderator. water, however, is sufficient to adequately cool the reac-

‘tor. .It was impossible to evaluate the effect of air circulation within
. the core region, but this effect was considered unimportant. For the

above reasons, the reactor with a radieactive core will_beishipped only

‘with moderator water in.the system.

4) Fission Product Release in the ML-1: Anianalysis was made of the possi- -

‘bility of oxidation of fuel. .increasing the release of fission products.

The analysis was based on.the following assumptions:

1) .A small leak is defined .as one in which fission gases escape but
. the fuel is .not ox1dlzed .The minimum release from such .a leak is
based on a drop of- 50° F in temperature across the gas gap between
‘the U0, ‘and -the claddlng The maximum release from a small leak
is based on .a 0.0015-in..gas gap filled with nitrogen coolant.

. 2) ..A large leak is defined as one in which fission gas release is
‘accompanied by ox1dat10n of UOZ, a defect more .than 0.001- to .0,005-
.. . in..equivalent. diameter.: The minimum release from a 1arge leak is
based on a temperature drop of 50°F across the gas gap between thz
U0, and the cladding, plus 1/10 of the volatile fission products. in
.the oxidized fuel. The maximum release from a large leak is based
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on a 0.0015-in. gas gap filled with nitrogen coolant, plus 2/3 of
the volatile fission products in the oxidized fuel.

.3) Fission product'gases escape from unoxidized fuel by diffusion

4) . The diffu51on coefficient for fission gas release is. that given
in'WAPD-173 and TID-7546.

5) The U0, pellets are assumed to remain intact and centered in the
claddlng -

6) vThe reactor has:been operated with a large leak for sufficient
time to oxidize one inch of U0y, -about 400 hr in reference gas.
Oxidation occurs at the inlet (cold) end of .the fuel pin.

7) Dose rates assume that all 1od1ne activity will be concentrated
as a point source in the pre- cooler. All other radioactive iso-
topes: (primarily xenon) are assumed to be contalned in rhe gas.
storage spheres

8) Attenuation fs.based on 0. 25 in. of steel .surrounding the
snnrce and air elocwhere. :
The release from one faulty pin was calculated based on the above
assumptlons .The results are shown. in the table below.

RELEASE FROM ONE OXIDIZED FAULTY PIN

' o . Small Leak Large Leak
Total activity in system, curies 5.5 = 15.2 10 - 50
Total activity after 24 hr, curies 3.3 - 9.1 6 .= 30
Iodine activity after 24 hr, curies 1.38 - 3.8 2.5 - 12.5
Radiation level 25 ft from pre-coolef*, -
24 hr, mr/hr 3.5 9.5 6.3 ~- 31.0
Radiation level, 10 ft from gas~ ‘storage™ 5:5 - 1572  10. 0 - %0.3

sphres. .24 -hr . mr/hr” ,
*Distance noted is about the distance tn the cab of the truck.

5) General Heat Transfer: The ML-1 fuel pins are constructed with an
average radial clearance of 0.002-ir. between the pin and the pellet.
This gap is initially filled with helium gas. Obviously the pellets will
not -be truly centered, thus giving rise to a temperature gradient around
the pin just as a gradient occurs due to non-uniform power generation
and radial variation of the heat transfer coefficient. A code (PIT) was
written to study the factors contrituting to temperature increases of this
leind., This code can be used to calculate the temperatures in a pin with
an offset fuel pellet, with several internal power distributions, when
there are radial variations in .the hLeat transfer coefficient nd in th=
local bulk gas temperature. : -

Calculations were made to evaluate the relationship between tube to
pellet clearance, gas conductivity and wall temperature (Figure 37).
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The curve is for BeO-UO, = the lower conductivity of UO2 fuel would
produce a different curVe. In this case, the offset catises a tempera-
ture increase of 30 F. -

The change in pin wall temperature for a normal scram was calcu-
lated to be 40 F/sec -decrease.

The predicted hot spot and nominal axial temperature distribu-
tion for the ML-1 core with burnable poison is compared to the nomindl
distribution without burnable poison in Figure 38.

The selection of p1n to pin power ratios for the core is based,
in part, on the amount of intermix1ng of coolant assumed to occur in
the gas as it passes through the element. Dye studies showed only a
small amount of mixing occurred. It was found that the mlxing para-
meter changed the predicted wall temperature by only 40°F (nominal)
when the parameter varied through all reasonable values, It also was
found that reducing the thickness of the wall from the reference
dimension (0,030-in. ) to 0.015-in, increased the temperature of a
nominal pin by 25°F “thus indicatlng the’ importance of conduction
through the pin wall in equallzlng temperatures.

The HECTIC code, for predictlng temperatures in the ML-1 core,
uses detailed power input and normal heat transfer correlations, ex-
cept that constants can be corrécted as they are determined from out-

of-pile tests. The code, checked against the IB-1o¢T in-pile element,
was found to be correct within 46 F. There was clear indication in

the IB-2T experiment that analytically optimum power distribution re-
sults in what the code predicts .to be a minimum temperature, but there
seemed to be a con51stent trend towards experimentally measured temp-
eratures about 100°F highér than those predicted. The amount of
power the IB-2T-1 element sees is not certain, however., . It thus is
difficult to evaluate either the accuracy of the code or the suitability
of the constants used. The experimental results will be studied in a
later section under Task 24-2XX.

The IB-9R and the IB-10R elements, both to Be run in the GCRE- -1,
also will be predicted by HECTIC ‘and analyzed as heat transfer ex-
periments,

The opinion has been held for some time that a seven pin fuel
element might have advantages.over a 19-pin element, particularly in
regards to cost. A detailed design study was made of the suitability
of a seven-pin design for the ML-1l, and the design compared to a re-
design of the 19-pin system. 'The conclusion was that improving the -
19-pin system was the best choice since the seven=-pin design would
save only about 10% and there is a reasonable probability that per-
formance would be inferior. In the seven-pin design, it would be
necessary to use finned tubing to provide enough heat transfer to in-
crease the hA product 507%. There was doubt that adequate heat trans-
fer could be readily achieved.
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Analysis showed that the 19-pin system could be improved sub-
stantially by increasing the inner diameter of the liner from 1.426-
to 1.552-in., and increasing the pin diameter from 0.241- to 0.275-in.
This would .reduce neminal temperatures by 40°F and hot spot tempera-
tures by 70°F. The re-designed 19-pin fuel element would have the
same pressure drop as the current design. There is room for 40% more
fuel in the new design, thus providing for a wider range of diluent.
The new design does not require finned surfaces for heat transfer.

An element of this type is being considered for the second core of
the ML-1.

Accompl ishments « June:

1) Heat Transfer: HECTIC inputs were written and problems were run
to determine the influence of non-uniform power distribution across a
fuel element near a control rod or near the edge of the core. The re=
gults will be used in selecting orifices for TR-2I, and ML=1 wherein

it is desired to provide fuel element temperatures resulting in a
minimum highest temperature in the core.

HECTIC inputs were written for a new fuel element configuration
using pins 0.275-in, in diameter with walls 0.030-in. thick.

Sample problems run with the PIT code demonstrated that the code
is operational,

Additional evaluation was. completed for heat transfer in the
IB-2T-1 fuel element. More can be learned from the relationship be-
tween heat transfer predictions and the temperatures actually encount-
ered in this element. (Final results will be reported by Task 24-2%X.)

Inputs were prepared from the HTR code to evaluate accidental
loss of coolant,consideéringa:non-power generating central pin, increased
conductivity in the insulation,. and increased total power per pin.
(This is closely connected with the experimental study of the predic-
tiona for accidental loss of coolant in the ML-1.)

2) 1IB-3L and ML-1 Second Core: The basic fuel for the second core
will be BeO-UOZ, and perhaps UO,. The larger fuel pins for this de-
sign permit greatér choice of potential fuel. It appears. that 407
diluent could be used in the inner seven pins. More diluent can be
used if thinner walls are used for the pins.

_ In addition, the temperatures of the outlet gas were re=estimated
for the GCRE-I1 elements, allowing for the actual size of the orifice
as installed and the shift to a 71 element core from a 61 element core.

Anticipated Accomplishments = July:

Data will be evaluated from the‘GCREwI outlet gas and from the
IB~9R and IB~10R thermocouples, :
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A test plan will be outlined for accidental loss of coolant in
- the GCRE-I reactor. .This work will be performed with .the GCRE Operations
Test Planning and ‘Evaluation group.

Design work will..continue for the second core. The problems
associated with shimming and burnable poison will be investigated
from the standpoint of heat transfer.

-Further consideration will be given to orifices for the IB-2L

and ML-1.based .on .information from the critical assembly experiment.

b. Reactor Physics’

Summary - Januaty,throughnMay:

1) Intracell Problems: The prediction .of intracell.flux and power
.distributions is a major problem in ML-1 core design. The usual cal-
culational procedure of homogenizing the fuel pins into annular. rings
.and then solving the problem in one-dimensional cylindrical geometry
_has been shown to be inadequate. . This method fails to account: for
neutron .streaming between the fuel pins and leads to a grossly exag-
‘gerated flux and power .dip through the fuel element.

.The source-modified I, calculational method was. developed as a
means of compensating for. neutron streaming between. the fuel pins.
I is a one-dimensional code for.the IBM-704 using the P3 approxi-
mation .to transport theory in cylindrical geometry. The problem is
set up in.the usual homogenized fashion.and then sources and sinks & .
are inserted in the regions between the rings of. pins. These sources
.and.sinks may then be adjusted .so that .the calculation .agrees with
experiment. The same source-sink arrangement may be used for . .the cal-
culation of fuel elements which do not differ greatly from the one
to which the calculation was normalized.

The source-modified.12 method has been.shown to give quite
accurate results for small ranges of fuel loading. It does, how-
ever,. show considerable error when used to calculate situations that
deviate widely from the normalizing point. -Séveral assumptions and
“inadequacies included in the method prevent accurate calculation
_over a wide range.

ture throughout the fuel cell. This assumption is.recognized to

. be fallacious. The flux depression through .the fuel pins cannot be
properly treated when homogenized into annular regions. Geometfical
.effects cannot.be treated explicitly. The normalized sources. and
.sinks compensate for all of these effects and since the individual
effects cannot be separated from the total, the method cannot be
expected to give accurate results for conditions which deviate widely
_from. the normalizing point.
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Since the source-modified” I-2 method must be normalized to experi-
ment, it cannot be used to predict new and unusual fuel element designs.
It should be emphasized, however, that the method provides a powerful
tool for predicting intracell flux and power distributions when éxperi-
mental data is available for similar conditions.

Other one-dimensioral and: two-dimensional approaches to the
intracell problem have been investigated with-little success. Since
the fuel element is two-dimensional and extremely heterogeneous, this
is not surprising. Although it may be possible to separate the geometric
and neutronic effects in a one-dimensional calculation, the best hope
for an analytical solution to the intracell problem lies in the use of
two~dimen51ona1 machine code calculatmns°

The extreme heterogeneity of: the fuel element seems to dictate
the use of transport theory to obtain accurate results. Unfortunately,
no two- dlmcn31ona1 transport theory machine codes are available at
this time. One such code (IDC) is expected to be available in four to
six months, and perhaps ‘will alleviate much of the uucertainty
associated with pin-type fuel elements. An alternative approach is
to use a two-dimensional diffusion theory code (PDQ). The nuclear con-
stants used would be_modified to give the same results as transport
theory for a single pin in one dimension. This method is under in-
vestigation but no definitive results have been obtained. The use of
Monte Carlo technlques has been investigated but found to be unsatis-
factory for analysis of the ML-1 fuel element. ,
2) Experimental Determination of Pin-to-Pin Power Ratios: Since an
analytical solution of the intracell problem is very difficult, several
detailed experiments were performed to gain information about this
problem. The lntracell power ratios from these experlments are given
in Table 9.

To_establlsh a point of reference for interpretation of the
table: an "optimum" power ratlo, P /P of outer ring pin pnwer to mid
ring pin power, is about 1.35 for 2a 13 pin element and about 1.15 if
the center pin has no fuel. (It was previously felt that a power ratio
of 1.0 was an "optimum", but subsequent analysis and experiment have
indicated the values given above.)

The first intracell experiments were done in the ML-1-TA critical
experiment and used uranium foils in Inconel tubes to simulate the
fuel pins. It should be noted that the effective '"pellet" diameter
was 0.162-1in. Shortly théreatter, tlie-IB=20T element was irradiated
in the BRR. This was the first test element to utilize UO, and to
have fuel pellets with the reference diameter of 0.177-in. 2 Thisul .
element exhibited a greater flux and power dip than the previous
elements. This was as expected ‘due to the. higher fuel loading and
larger pin diameter. The fuel loading for the IB-2L core for GCRE
was selected on the basis of a theoretical extrapolation from this
point.
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Table 9. INTRACELL POWER RATIO DATA

CoRE  ELmEyr _ GORE . g U-235/ g U-235/  FUEL . /PTHEiMﬁg PO¥E§P P /Erorngérowgk/P
' . ) LOCATION INNER PIN OUTER.PIN DIA%ETER' "2°71 3'71 3'"72 271 "3'71 3"°2
ML-1-IA | 1 | 1jCenter | .31.30 13.26 10.162 1.23| 1.21| 0.98 | 1.09 | 0.91 |.0.83
" 2 1,Centefv . 59.98 ©18.38 0.162 1.25( 1.24 | 0.99 | 1.18 { 0.94 | 0.80
" 2 ‘12,Mid.  -.59.98- 18.38 0.162 1.19/.1.20 1 .1.01 |. 1.16 | 0.97-|.0.84
" 2 |45, Edge | .59.98 " 18.38 0.162 1.20| 1.16 | ©.97 | .1.13 | 0.96 | 0.85
S 3 12 ,Mid 49.94 .23.90 0.162 1.20{ 1.44 | 1.20 | 1.18 | 1.18 | 1.00
" .4 . 12 ,Mid 49,76 23.72 0.162 - 1.25]"1.50 1 1.20 1.19 1.18 | 70.99
- BRR | 20T Refl. .} -.65.5 20.1 .0.177 .1.09].1.79 |. 1.64 1.09 1.79_ .1.64
.ML-1-1IB #1 _i,Center | .75.0 26.6 0.177 cm===| ===} =--= | 1.17 | 1.07 | 0.92
" #1 | .49,Edge 75.0 26.6 0.177 |.1.34/.1.88 | 1.40 | 1.21 | 1.29 | 1.07
S #2 ,Center | 75.0 20.2 0.177 .1.33| 1.36 | 1.03 | 1.19 | 0.87 | 0.73
R N 49,Edge | 75.0 20.2 .0.177 1.37).1.39 | .1.02 | 1.24 | 0.96 0.77
A #1' _,Center | 75.0 26.6 0.177 . ---=| ----1 1.38} ---= [ =----170.95
" #1' | a9,Edge 75.0 26.6 0.177 meee| eeee 1047 | eee | ---- | 109
_P1 = Power .generated in center pin
P2.= Power generated in each,bf six mid-ring_bins
P3 = Power generated in each.of .12 outer pins
#1' = #l-type element without fuel in center pin

*oN 3xoday
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A series of intracell flux and power measurements were made on
May 1 in the ML-1-1B critical experiment, The test elements were of
reference size and had fuel loadings in the range predicted for ML-1-I.
As may be seen from the table, these elements showed power ratios in
the .range indicated by the earlier power ratio experiments and much
lower than the power ratios seen in the IB- 20T experiment. In retro-
spect, this apparent anomaly can be easily explained on a qualitative
basis. .

The initial power ratio experiments were done in the ML-1-IA
critical experiment (loaded with about 20 kg of U-235).. The IB-24T
element had a heavier fuel loading and was run in the BRR which has a
very soft thermal neutron spectrum, hence the power ratio was much
higher. The elements tested in the ML-1- IB critical experiment had a
heavier fuel loading than any of the previous elements, but the thermal
spectrum to which they were exposed was also much harder since the
core contained about 35 kg of U-235. Duc to this differcnee in thermal
neutron spectrum, the fuel pins were not as "black" as those in the
IB-20T element and the resulting power ratic was lower. The problems
associated with the prediction of thermal spectra are being investigated.

3) Fuel Loading Selections - IB-2L and ML-1-TI: The fuel loading was
selected for IB-2L and tentatively selected for ML-1-I after analysis
of data .from the IB-2@T element. Fully enriched U0, (75 gm U-235 pin)
was chosen for the inner .seven . fuel pins while the Outer 12 pins were
to contain 23 gm of U-235 as fully enriched U0, in a BeO matrix. This
selection was aimed -at obtaining near optimum. pin surface temperatures
while providing sufficient excess reactivity to assure criticality
with less than 61 fuel elements. Inconel-700 and Haynes-25 poison shim
liners were designed to be wrapped around the fuel elements and thereby
permit operation of the ML-1 with the desired-excess reactivity and
exactly 61 fuel elements,

When the data was received from the ML-1-IB critical experiment,
it became obvious that thlS fuel loading selection would result in
excessive surface temperatures in the fuel pins. This problem would
be alleviated either by decreasing the loading of the center seven
pins or by increasing the loading of the outer twelve pins. The fuel
for the center pins had been ordered, however, so any change in compo-
sition was deemed impossible. A sufficient increase in the loading of
the outer pins to provide: a desirable temperature distribution would
_increase the reactivity of the system so that the shim liners in ML-1
- would be inadequate to permit operation with 61 elements.

A compromise fuel loading was re-selected for both cores. The

" center pin will contain no fuel, the six m1d-r1ng pins will each con-
tain 75 gm.of U-235 and each of the outer twelve pins will contain 30
gm of U-235. This will prov1de a near optimum power distribution with-
out .causing an excessive .increase in reactivity.

4) Burnable Poison Selection - IB-2L and ML-1-I: The reactivity

effects of the burnable poison for IB-2L and ML-1-I were studied with
two=group perturbation theory. The reactivity worth of the IB-2L cad-
mium distribution was established as 2.2% to give an operating lifetime

3
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of 10,000 hours at full power. The shape of the burnable poison distri-
bution was selected to improve the axial power distribution. The
poison foil is made of copper-cadmium alloy containing 0.40 gm of cad-
mium per fuel element. In ML-1-I the poison is loc ated nearer the
outlet end of the fuel element and results in about a 30 F reduction

in the maximum surface temperature of the fuel pins (excluding hot

spot factors). i

A more detailed analysis of the burnable poison will be done
using two-group, two-dimensional perturbation theory. PAMPER (an IBM-
704 computer code) was written to convert two- d1men310na1 diffusion
theory results (PDQ) into weighting functions used in perturbation theory.
A burn-up code will be written, using these perturbation theory weight-
ing functions. This will permit calculation of burnup effects in two
dimensions with minimum expenditure of computer time.

5) ML-1-I Neutron Source: - The neutron source for ML-1 must have a

lifetime of 50,000 hours,: be capable of starting a new core loading
10,000 hours after shutdown and have sufficient strength to be detect-
able at the shield water tank. A radium-beryllium source with a
strength of 3 x 10' neutrons/sec will meet these requirements. It
will be mounted in a vertical tube in the moderator water near the
periphery of the core. '

Accomplishments - June: ... ... ' -

1) Development.of Technique: 'Two analytical methods of representing
the reactivity worth of ML-1 control blades were developed. ‘A two-
group, two-dimensional perturbation theory technique appears .to have
considerable promise and will be compared with experimental data' from
the critical experiment. ' This method utilizes perturbation theory
weighting functions derived from PDQ calculations by use of the PAMPER
code. ‘

A purely analytic representation of control rods 'in a cylindrical
reflected core was developed. This procedure will require use of a
computer to solve the flux.equations. It is not felt that this tech-
nique will be as good as perturbation theory for ML-1 but could have
considerable use for other. reactor systems.

The PAMPER code for- computing two~-group, two-dimensional pertur-
bation theory weighting functions was checked out and is ready for use.
A short FORTRAN code was written to punch input data cards for PAMPER
directly from the PDQ output. tape. This eliminates many hours of key-
punching time and greatly reduces the possibility of errors.

Work has been initiated on problems associated with burn-up; fuel
depletion; and fission product poisons.

2) ML-1-1B Critical Experiment: Power ratio and intracell flux data
was analyzed and I, machine code calculations were normalized to the
experimental data.” This normalization will permit calculations to be
made on ML-1 .with more confidence.
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3) ML=-1-1 Design Calculations: The UOQ, loading of the BeO«-UO2 outer
fuel pins was set at 70.5 wt% (30.0 gm 6—235 per pin). The inner six
fuel pins will contain fully enriched U0, (75.3 gm U-235 per pin) and
the center pin will contain no fuel. This selection gives.the best
pin-to-pin power ratio within the limits of criticality considerations.

The burnable poison was selected for ML-1. It will be a copper-
cadmium alloy containing 0.4 gm of cadmium per element. The poison
foil will be located near the outlet end of the fuel element to im-
prove the axial power distribution.

Reactor physics, constants for ML-1 are being re-evaluated with
information from the critical experiment. This will permit a more
accurate evaluation of criticality and burn-up calculations.

Blueprints aof the Ml,=1 caore were studied and nearly all of the
components reduced to the form of volume fractions for neutronic
calculations.

Ant1c1pated Accomplishments -.July: Control blade calculational methods
will be checked out and compared with experimental results..

Two-dimensional, two group perturbatlon theory will be studled
as a means of determinlng 1ong =term burn-up effects.

Data will be analyzed as it is recelved from the ML-1-IB Cr1t1cal
Experiment. :

Criticality studies will be continued. Consideration will be
given to the time dependent effects of reactor operation.

2, 1B Fabrlcatlon Development (Task 21-2XX)

This task was hroken into two parte and is reported under Tasks
21~6XX and 21-7XX.

‘3. IB Loop TestsL Out-of-pile (Task 21.-3XX)

Summary = January through May:

a. Fluid Flow Tests: The first fluid flow tests were run on the IB
fuel element configuration -in November 1958. No attempt was made to
find the optimum design at that time since the IB element was then
conaidered only a back-up desigu., When the IB element became the
reference design for the ML-1, a more thorough program was planned to
determine the best possible configuration. Two geometric parameters
were considered because of their influence on pressure drop: the
diameter of the pin, and the configuration of the pin spacer. Tests
were made of five spacer shapes and three pin diameters (0.240-, 0.245-,
and 0.250-in.). (The IB element uses 19 cylindrical pins arranged
symmetrically inside a cylindrical tube.)
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Results of fluid flow tests on the pins.show that there is negli-
gible change in friction factor for the diameters tested .although .pres-
- sure drop changes éignificantly because of the change in .flow area. (The
effect of pin diameter on friction factor is shown in Figure 39.)

Tests ofit airfoil spacers and full-length.spiral wire spacers (a
smooth tube was also tested as a control) showed less pressure drop for
the spiral wire configuration. (The results are plotted in Figure 40.)
After the full-length spiral wire spacer was chosen as the reference de-
sign, tests were run to determine the effect of changing the number .of
spirals (Figure 41). The results of the tests showed that there is little
difference in friction factor, but that the friction factor increases
slightly as the number of spirals increases. Information for future de-
signs was gathered by testing one seven-pin model with longitudinal fins
and peg-type spacers (Figure 42). This configuration showed poor distri-
bution of flow which would lead to large differences in temperatures
around the pins.

The above tests were performed in a water loop. One of the models
tested in the water loop was re-tested in the gas loop to demonstrate
that the accuracy of the results was not affected by the use of water in-
stead of gas as the working fluid. The results showed that the working,
fluid has. no significant influence’in the correlation (Figure 43). The 5%
apparent difference is caused by the experimental error (f-3% for the
water loop data and ¥5% for the gas loop data) and by the difficulty in
accounting for the effects of the inlet geometry in the two specimens.
The water loop not only has lower experimental uncertainty but is easier
to operate. .It was used for all other fluid flow tests.

The bearing spacer .design was selected to back-up the full-length
spiral wire spacer design. The first -longitudinal cross-section chosen
for the bearings was 30° ramp nose section and 70 ramp tail section. A
streamlined cwvoss-section (B-2) was designed to improve the pressure drop,
and tested (Figure 44). The drag coefficient for the original shape
(1.30) was improved to 1.00.for the new shape.

A fluid flow model was built with an arbitrary gap between the pin
and the full-length spiral wire. (Thermal cycling tests showed that the
wires elongate, forming a gap of varying magnitude.) This flow model was
used to provide information on which to base an estimate of the effect of
such a gap on pressure drop. A gap of 0.32-in. was found to dincrease the
friction factor by 7% (Figure 45).

.b. Heat Transfer Tests: The fluid flow tests mentioned apove eliminated
all except two configurations. ‘Heat transfer tests were run on these two
configurations, using the thermal capacitance discharge method. This
form of test only yields information on the average, or apparent, heat
transfer coefficient for the whole element. It does not yield informa-
tion on the variation of coefficient around the circumference of the - ™
pins, on the local effect at the spacers, or on the wvariation in

.the entrance region of the element. The results of tests on the
model with 48 bearing spacers show that the heat transfer coefficient
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for this configuration is 35% above'that predicted by the Colburn equa-
tion (Figure 46). Models were also tested with 16 and 32 spacers to
‘find correlation for the IB configuration without spacers. The re-
sults indicate that the correlation for the reference configuration
without spacers is 147% above that predicted by the Colburn equatlon for
a smooth round “tube (Figure 47)

The reference design (full-length spiral wire spacers) also was
tested using the thermal capacitance method. The results show that the
heat transfer coefficient for a model with 16 wire spacers is 17%
above, and a model with 18 wire spacers is 23% above that predicted by
the Colburn equatlon for a round tube (Flgures 48 and 49).

The results of the tests reported above are valid only for cases
with small differences in wall to gas temperatures. For large differ-
ences Iin temperature, the heat transfer correlation must be corrected.
to account for the effect of large variations in temperature-dependent
properties in the gas film next to the wall. 1In theuabseqce of data,
"this et6e§§5can be ei;i mated by applying a correction, such as
(T /T ) to StPr recommended by Kays and London in ''Compact Heat
Exchaﬁgers For the ML-1, the maximum predicted wall to gas tempera-
ture ratio is 1.36, the correction calculated from the above reduces
the heat transfer coefficient by 19%. Thermal discharge tests, run to-
confirm the accuracy 06 £§e assumed correction, showed that the proper
‘correction was (T /T) (Figures 50 and 51). The final heat trans-
fer correlation for ‘%he IB fuel element geometry with 18 full- length
"spiral wire spacers is:

2/3 0.2

St pr2 (T /T )0"25 = 0.027 Re
w8

‘The correction for temperature-dependent properties with this correla-

tion results in reducing the isothermal heat transfer coefficient by

only 8% for a temperature ratio ot 1.36.

c. Thermal Shock Tests: Thermal shock tests were run to demonstrate
,that the IB-2T fuel element would operate safely during the first in-
pile test. The model used for the thermal shock test was the IB-10M',
a mock-up of an element for the IB- 1L core. For the purposes of this
test, there are no significant differences between the IB-10M' and
the IB-2T. The model was thermally shocked 40 times between 1000 and
120°F (it is estimated that during the lifetime of the element, the
IB 2T will be subjected to 40 cycles from 1700 to. 800°F at a rate of
10 F/sec) The average rate of temperature change of the metal surface
for the first 20 'sec of each shock was 22 F/sec. No mechanical damage
to the model was apparent after the test.

d. Drying TesSt: A test was run Lo measure the efficiency and speed of
the drying procedure planned for -.use with the ML-1 reactor after the

core has been flooded with water duiring the fuel change. The Thermo-
~flex insulation in each fuel element will absorb and hold some of the
water after'thg reactor is drained. The reactor will be dried by forc-
ing air at 600°F through the .system at the rate of 1000 1b/hr. The re-
sults of the test showed  that the insulation for each fuel element will
absorb 247.4 grams of water, ‘and that this water will be evaporated after
passing 16.4 1b/hr of 600°F adir through the element for two hours.
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EFFECT OF PIN DIAMETER ON FRICTION FACTOR
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EFFECT OF NUMBER OF COMPLETE SPIRALS OF FULL-LENGTH WIRE SPACERS ON FRICTION FACTOR
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FRICTION FACTOR OF SEVEN PIN ELEMENT
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COMPARISON OF PRESSURE DROP DATA FROM WATER AND GAS LOOPS
(IB-4M MODEL WITH 16 FULL-LENGTH SPIRAL WIRE SPACERS)
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COMPARISON OF FRICTION FACTORS FOR GCRE-I1B MODELS
WITH WIRE SPACERS, WITH AND WITHOUT GAP
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COMPARISON OF HEAT TRANSFER CORRELATIONS FOR MODELS WITH 16, 32, and 48 BEARING SPACERS
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PLOT OF DATA FROM THERMAL CAPACITANCE DISCHARGE TESTS
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Accomplishments ~ June:

The friction factor was measured in the Reynolds number range from
900 to 50,000 on a model of the IB-9R in-pile fuel element. Eight flow
control orifice sizes were calibrated.

A pitot-static probe was installed in the model of the IB-9R and
calibrated for the momimal co6ld positiod, for the estimated hot position,
and for several other positions made possible by fabrication tolerances.
The Pitot constant proved to be insemsitive to p081tion with the IB-9R
fuel element.: »

The friction factor for the prototype model of the ML-1 was measured
in the Reynolds number range from 900 to 50,000. This friction factor
agreed well with the friction fac¢tor measured six months ago on the first
wmudel vf Lhe ID element. Flow control orifices are being calibrated with
the prototype model of the ML-1 fuel élement.

Four mass transfer tests were run, the first two to develop technique.
Improvements were made in the procedure for measuring the radiug and in
the device for measuring pressure, based on the first two tests. 'The
third test was successful, and the fourth was run to determine the repro-
ducibility of data and. to provide additional evidence° The data was re-
duced and is consistent for the two TUns. :

An electrically-heated test section was designed for the IB fuel
element.

fnticipated Accomplishments - July:

Data from the mass transfer tests will be evaluated further.

‘the flow control orifices will be calibrared for the ML-1 fuel
element.

Mass transfer tests will be continued to determine the variation of
the ratio of local heat transfer coeificient around the pins to the
average heat tramsfer coefficient at a ¢ross-gection.

Material will be purchased for an electrically heated test section,
nd fabrication will start.

4. Materials Evaluarion (Task 21-4XX)

Summary - January through May:

‘a. _Gas Corrosion Tests: (Note: -The following material covers only the
corrosion studies being performed under the ML-1 program. Those studies’
performed fer the GCRE-II program are reported in that section of the
report. This separation £s for reporting purposes only: the work was
carried on simultaneously in the same work area.) ‘ o
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Hastelloy X and Inconel (the reference and back-up alloys for clad-
ding fuel pins) were exposed to the ML-1 reference coolant gas (99.5 vol%
N, + 0.5 vol% 0p) and air for periods up to 5000 hr at 1750°F, the ML-1
hot spot temperatures Results of metallographic . examination and weight
measurements are shown in Table 10, '

TABLE 10. RESULTS OF LONG TERM GAS CORROSION TESTS AT 1750°F
(Reference - Hastelloy X - and back-up - Inconel - fuel cladding
alloys at 300 psi in 99.5 vol% Ny + 0.5 vol% 0p,.and dif.af 1750°F)

, . HASTELLOY X INCONEL
! Time, " Penetration Weight Change Penetration Weight Change
(hours) (inches) (gm/cmz) (inches) (gm/cm©)
1000 0.0010 +0.00070 ' -—- ---
2500 ‘ 0.0012 +0.00118 0.0017 . +0.00160
5000 0.0015 +0.00118 -—— . +0.00183
1000 (air) 0.0020 +0.00050 - 0.0009 +0.0086
2500 (air) 0.0027 --- 10,0023 ---
5000 (air) 0.0016%* -0,00212 0.0020 -0.00054

*on the basis of a single specimen

Hastelloy X and Inconel demonstrated excellent corrosion resistance
Zor periods up to 5000 hr. Corrosion tests are continuing to obtain in-
Zormation on the effects of the full 10,000 hr of operating life. The
extent of attack on these alloys after 5000 hr at 1750°F are illustrated
in Figures 52 through 57. Figures 52 and 53 are photomicrographs at
250x of the alloys in the as-received condition. Figures 54 and 55 show
the extent of corrosion in 300 psi reference gas (99.5 .vol%Z N, + 0.5 vol%
0p) and Figures 56 and 57 show the extent of corrosion in 300 psi air.

Exposure to gas at elevated temperatures reduces the romm tempera-
ture ductility of nickel alloys. This reduction is particularly notice-
able on Hastelloy X. Data on the strength and ductility of Hastelloy X
at room temperature after exposure to corrosion i§ shown in lable 11 on
the next page. This reduction in ductility could cause poor fatigue
strength and reduced notch resistance. (Improved ductility after ex-
posure is an objective of an alloy modification task discussed later in
this section.)

b, Creep Tests: Long term creep tests were performed to provide design
data at the temperatures and stresses expected in operating the ML-1.
The relative secondary creep rates of Hastelloy X and Inconel 702 are
illustrated in Figure 58. These tests were begun before Inconel was
designated the back-up alloy for cladding fuel, but the creep of Inconel
702 is considered similar to that of Inconel.
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TABLE 11. AVERAGE TENSILE STRENGTH (SHORT TIME, ROOM
TEMPERATURE) OF HASTELLOY X AFTER GAS CORROSION

Ultimate 0.2% Offset o
Tensile Yield % Elonga-

Exposure ‘ Strength, psi Strength, psi tion
REFERENCE . - . 114,900 66,200 43
2500 hr, 1750°F, 300 psi Ref.Cas 107,800 50,000 . 31
5000 hr, 1750°F, 200 psi Ref: Gas 92,000 55,200 15
5000 hr. 1750°F, 300 psi Ref. Cas 103,100 49,500 36
1000 hr, 1850°F, 300 psi Ref. Gas 104,800 51,000 | 28
2500 he, 1850°F, 300 psi Ref. Gas 35,600 = 55,300 4
2500 hr, ‘1750°F, 300 psi ‘Air 73,400 48,200 33
5000 hr, 1750°F, 300 pst Aftr - 37,500 54,600 23

c. Tube Tests: Early experience with Hastelloy X tubing showed that
empty tubing collapses when subjected to 300 psi external pressure at
1600 to 1750°F. Pellets were placed in Hastelloy X tubing of the refer-
ence size, and' the space between the pellets deliberately varied. These
samples were exposed to 300 psi external pressure at 1750°F to determine
the effects of external pgessure on tubing containing fuel pellets. The
results of 500 hr at 1750 F at 300 psi external pressure are shown in
Pigure 59. : '

The Hastelloy X tubing bucklec severely (creep buckling) wherever
there were large gaps between fuel péllets. The magnitude of the buekling
was unexpected.

" An investigation now is being made of the collapse of Hastelloy X
tubing (with ML-1 tolerances) without space between pellets. The mode
of collapse and the effect on corrésion will be detérmined. This in-
vestigation also will evaluate the e¢ffect of séveral factors on the unis
formity of collapse. These factors include the inner diameter of the
tubing and the tolerances for outer diameter of the pellets.

d. Fuel Oxidation: A potential problem in operating the ML-1 is the
oxidation of fuel through leakagé of coolant gas into. defective, hot fuel
pins. 'In the first experiments, clad U0, pellets were exposed to the
reference atmosphere through a defect in“the cladding. The results

showed that oxidation caused the cladding to bulge. X-ray diffraction
analysis of the oxidation product and data on weight changes revealed that
U308 was formed. '

Later tests demonstrated that U0, pellets readily oxidize to U0
in the presence of even trace amounts of oxygen. In these tests, unclad

BeO-UO2 pellets were exposed to air at 300 psi at 1750°F, and bare uo,
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FIGURE 52
HASTELLOY X-AS-RECEIVED AT 250 X

FIGURE 53
INCONEL-AS-RECEIVED AT 250 X
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HASTELLOY X AFTER 5000 HR AT 1750°F in 300
Psi 99,5 VOL % N, + 0,5 VOL % 05.250X

FIGURE 55
INCONEL AFTER 5000 HR AT 1750°F IN 300
Psi 99,5 VOL % N, + 0.5 VOL % 0,.250X
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FIGURE 56
HASTELLOY X AFTER 5000 HR AT 1750°F IN 300
Psi AIR ,250X

FIGURE 57
INCONEL AFTER 5000 HR AT 1750°F TN 300
Psi AIR, 250X
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TUBES OF PELLETS AFTER BEING SUBJECTED

REPORT NO, IDO-28558
TO _EXTERNAL PRESSURE

(AFTER 500 HOURS AT 1750° F, 300 PSI
EXTERNAL PRESSURE, HASTELLOY X)
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pellets were exposed to high purity (about 2 to 3 ppm oxygen) nitrogen

for 1000 hr at 1750°F. Possible solutions to the oxidation problem include
the use of alternate coolant gas (to prevent oxidation), or the use of
particle coatings (such as Al,0,, BeO, Ni, Cr, Ni-Cr) to prevent oxidation
and to improve retention of fisSion gas. The tests performed with high-
purity nitrogen gas demonstrated that even two to three parts/million of
oxygen were sufficient to oxidize the UO, to U 0 greater: than normal
corrosion also was observed on the cladd%ng alioys in this test.

Further tests are scheduled toc assess the compatibility of a mixture
of 99.9 vol% nitrogen plus 0.1 vol% carbon monoxide with UO2 and reference
nickel alloys.

In addition, a limited program was started to determine the feasi-
bility of coating UO, particles with ceramic. Details cannot be reported
nere because the work is classified.

2, Alloy Modification: The goals of this cffort are to produce an alloy
with improved creep strength at 1750 gnd 1850° F, with good ductility after
exposure to nitrogen at 1750 and 1850 F, and with improved resistance to
corrosion by high temperature gases.

Two approaches were followed to obtain an alloy with these proper-
ties: Alternate commercial alloys reputed to have good properties were
investigated; and Hastelloy X was mcdified by minor changes in chemical
composition.

Modified Hastelloy X alloys (Table 12) were fabricated into test
specimens and screened for creep strength and corrosion resistance. The
results show that yttrium reduces the elevated temperature strength and
improves the corrosion resistance. Six alloys were selected for addi-
tional investigation on the basis of 1000 hr screening tests for creep
strength and corrosion resistance, mechanical properties at room tempera-
ture, and metallographic examinations. (The alloys selected for further
investigation are marked * in Table 12.) Three lines of investigation
are being followed: Studies of X-ray diffraction and fluorescence to
evaluate structural changes; vacuum fusion analysis to determine the
increase in nitrogen content; and the statistical analysis of data on
modified alloys to determine the effect of the modifications on corrosion
resistance and creep strength.

Seven alternate alloys were ccnsidered in this investigation. All
proved inferior to Hastelloy X in at least one characteristic. The chemi-
cal analyses of these alloys are tatulated in Table 13. The results of
gas corrosion tests are shown in Tatle 14. Evaluation of these alloys is
summarized as follows: The Martin elloys were unsuitable from the stand-
point of both creep strength and corrosion resistance. Nichrome V showed
satisfactory corrosion resistance, tut the creep strength at 1750°F was
unsatisfactory. Preliminary corrosion data on Nichrome V-Nb (columbium
modified) was satisfactory, but the preliminary creep data showed it was
inferior to Hastelloy X. Preliminary corrosion data on Inconel 600 was
satisfactory, but the creep data was inferior to Hastelloy X. Both
the preliminary corrosion data and the creep data for Allegheny G-175
was unsatisfactory.
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_CHEMICAL .ANALYSES OF MODIFIED HASTELLOY.X.ALLOYS

Table 12.:.

fifiifggw Ni ct Mo Fe C Y b
61% 45 21 10 20 0.1 0 --
62 g " " 19.5.0.1 0.5 --
63% " " ‘“ 19.0 0.1 1.0 --
64 mooom " 20.0 0.01 .0  --
65% " " " 19.5 0.0l 0.5 --
66 " L " 19.0 0.01 1.0 --
67 " " " 18 0.1 .0 ° 2.0
68 " L " 7.5 " 0.5 2.0
69 n, o " 7.0 " 1.0 2.0 -
70 55 " 10 n T J—
71% " " " 9.5 ‘" 0.5 -
72 " " " 9.0 0.1 .1.0 ~--
73 " " " 10 0.00 0  --
T4% nooon " 8 0.1 0 2.0
75 45 25 " 15 0.1 -  --
76 X " L 14.5 0.1 0.5 --
77 " " " 14.0 0.1 1.0 --
78% . R " 20.0 0.0l --  --
79 i K " 18 0.1 -- 2.0

*Selected for further investigation.
Note: All modified alloys contained 1.0 wt%, maximum, of manganese and
silicon; and 0.7 wt%, maximum, tungsten.
.. Evaluation of Be0O-UOQ, Capsule fcr the BRR-GCR-2: A capsule of conven-
zional, double wall design (with auxiliary heater) was used for irradiation
nf six specimens suspended in NaK. The specimens consisted of Be0/59 wt%
1JOp pellets clad in Hastelloy X, 0.C30-in. thick. Each pellet was 0.158-
in. OD by 0.177-in.. long and achieved 974 of theoretical ‘density. The
specimen was fueled .forc.about. onex 1nch,,and ‘the“total~length:ofofhe’ ou
spe c1men was less than 1li-in. The specimen was designed to operate at
1750° T 50°F to a burn-up of about 3.0.atom’ in the Battelle Research
Reactor (BRR). Irradiation of the capsule began 11 January -and was
completed 12 March at a burn-up estimated to be 2.8 atom%. -(Dosimeter
evaluation later showed about 2.0 atom?% U-235.) .A typical temperature
profile is shown in the table on the following page.
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A TYPICAL TEMPERATURE PROFILE

Specimen L S - ’
Number 1 ‘Z 3 top 3 cegter,a 5 U.6
Specimen ) o .

Surfacg . 670% 1720 1640 . 1740 1730 1630 1440
Temp., F

*Thermocouple data considered erroncous..

Table 13. CHEMICAL ANALYSIS OF ALTERNATE ALLOYS

Ni Cr Fe Mn Nb
NIEHESHE V Balance 19/20 1.0.max 2.5 max --
Nichrome V-Nb Balance 19/20 ~ 2.0 max 1.0 max 2.0 max
Inconel 600‘ Balance 14/17 . 6/8 1.0 max l';?;s

Cr Fe Mn Nb Ti Al Zr
Martin DB-1 5.7 Balaﬁde -- -1.25 0.5 7 -.0.6
Martin DB-2 5.5 Balance -- . 3.7. 7 0.3 7 0.7
Martin DB-3 5.7 Balance -- 0.9 -- 7 ..0.5
Allegheny G-157% 27 max 6 max - 1.0 max -- 1.5 0.5 --

*Balance Ni. Also contains 2.0 max Mo, 1.5 W.

All.alloys contain 0.1 carbon.

Table 14, GAS CORROSION .SCREENING OF POSSIBLE.ALTERNATE ALLOYS

Maximum Corrosion’

-Weight Chanﬁe*,
Penetfation, in.

grams/cm

Nichrome V-Nb 0.0205 . + 0.00050
Tneconel GOO 0.0006 + 0.00088
Nichrome V ‘ 0.03L0 + 0.00010
Type 310 Sﬁainlessisﬁeel -~ 0.0J15 : : - 0.00091
Martin Nuclear, Fe-Al-Cr 10,0021 % 0,00167
Ailegheny Ludiuﬁ G-157. - “0.0030 + 0.00179

% Weight'change in.gtams/émz.after 1000 hr in 300 psi 99.5 vol%Z .Np
plus 0.5 vol% 0,. o ’ '

Het cell evaluation. started ia mid-March and was almost complete
by mid-April. .Specimen removal was normal. Neither measurements nor
macro-examinations revealed any obvious flaws. or defects in the irradi-
ated specimens. Specimens 3 and 6 (see table at top of page) were then
punctured to draw off any fission gases. The Be0-UO) pellets in. speci-
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mens 3 and 6 were removed from the cladding for macro- and micro-examira-
~tion. "Macroscopic examination failed to reveal any change in the pellets.
Small changes in dimension were noticed (Table 15). Microscopic . examina-
tion of both -pellets and cladding failed to reveal any reaction. There
was no observable change in.the microstructure of the BeQ-UOy, or in the
size or shape of the UQO, that could be attributed to either irradiation
or. extended periods at %igh temperature.

Table 15. DIMENSIONAL EVALUATION OF BeQ-UQO, SPECIMENS

. Length, in. Diameter, in.
# Specimen Pre  Post Diff Pre _Post Diff
3 .1802 .1788 -.0014 .1589  .1587 =-.0002
1749 .1746 -.0003 .1587 .1587 N/C
.1753 .1738 -.0015 .1587  .1585 -.0002
.1812 .1807 -.0005 .1588  .1580 -.0008
6 .1768 .1768 N/C .1587  .1590 +.0003
1791 .1791  N/C .1586  .1590 +.0004
.1764 .1761 =.0003 .1586  .1589 +.0003
.1769 .1772 +.0003 .1590 ,1590 N/C
- Weight, g -~ . Density, g/cc
- Spécimen Pre Post Diff Pre Post
3 .2887 .2855 -.0032 5.038 5.10
.2823 .2818 -.0005 5.033 4,99
.2789 .2772 -.0017 5.035 5.02
.2895 ,2890 -.0005 5.027 4.96
6 .2822 ,2819 -.0003 5.037 4,92
.2842 .2840 -.0002 5.020 4.95
.2817 .2820 +.0003 5.010 4.95
4,94

.2835 ,2779 -.0056 5.012

The release of fission product gas detected from Specimen 3 was
0.001% of all products predicted to be generated. The fission product
release from Specimen 6 was lower than that detected from Specimen 3.

Isotopic burn-up analysi# is being performed by Phillips Petroleum -
Co., Idaho Falls, Idaho, on pellets from both specimens.

g. Other Capsule Irradiation: Irradiation of two other capsules is
planned: a capsule for the Materials Testing Reactor and an additional
one for the BRR. The MTR/GCR-2 capsule will contain six pellets, 70
wt% BeO-UO,, clad with Hastelloy X 0.030-in. thick. This capsule is
scheduled to begin irradiation on 21 August and complete 105 days
(about seven MIR cycles) on 1 February 1961, It is scheduled.to re-
ceive about 9.2 atom% U-235 burn-up at 1750°F. This will provide
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irradiation of the ML-1 reference fuel to the equivalent burn-up of
10,000 hr of ML-1 operation. :

The capsule for the BRR will contaln six solid, highly-enriched
U0, pellets clad with Hastelloy X 0.030~in. thick. Irradiation will
start 1 August and be completed on 15 January through about 11 BRR
cycles, about 124 days. It is planned to achieve about 2 atom% U-235
burn-up, at 1750° F, the equivalent of 10,000 hr of ML-1 operation.
Specimen design and fabrication is almost complete at Aerojet, San Ramon.

h. Thermal Fatigue Tests: A machine was designed and is being fabri-
cated to thermally cycle production' Hastelloy X tubing to investigate

the effects of thermal stressés. The machine will use resistance heat-
ing to heat a specimen 8-in. long Lo 2000 F in air and then co6ol the
specimen by forced draft to 300 to 400°F at the rate og at least 40°F/sec.
Tests conduected an incomplete equipment show that 1620 F could be reached
in still air and a cooling rate of 31 F/sec was obtained. Heavier leads
are being installed to make higher temperatures possible. Automatic
timing controls and mufflers also are being installed. :

i, Burnable and Permanent Poisons: A foil containing 0.4 grams of cad-
mium is considered necessary for burnable poison for each element in

the IB-2L and ML-1 fuel elements° The availability, ductility and
high melting point. (1020 F) of a cuadmium/copper (about 1 wt% cadmium)
alloy made it the best material for- the burnable poison. Most other
alloying elements were discarded because of either high thermal-neutron
crogs=- section, or low melting poin# (estimated hot spot temperature is
870 F) Cadmium/copper is commercially available and is being procured
with the highest possible cadmium content pet sheet. Folls received

so far have varied between 0,76 and 1.02 wt% cadmium, :

The alloy is difficult to melt because of the narrow temperature
range at which cadmium exists as a liquid, The material also is diffi-
cult to roll because a brittle two-phase region forms under certain
cooling condition$. Quantitative chemical analysis Lur cadmium proved
difficult. '

A permanent poison will be used in the IB-2L fuel element to
reduce the active core length to taat used in the ML-1 fuel elements.
The poison concentrations required for the IB-2L fuel element are
shown in the table below: ’

THTICKNESS OF NATURAL CONCENTRATION OF ISOTOPES
NEEDED FOR PERMANENT POISON IN THE IB-2L FUEL ELEMENT

ELEMENT ' | THICKNESS
, ' (anh s).

")

Boron 9.63 % 10_Z
Cadmium 11.7 x 10_4
Europium 18.0 x 10__4
Samarium 23.6 x 10 ;
Tod

x 10

Gadolinium 171.0
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An alloy of 35 wt% cadmium/silver was sglected because of availability
and relatively high melting point (1360 F solidus). The "blackness"

of cadmium 0.012-in. thiék reduced the importance of cross-section, per-
mitting the use of silver. This alloy is commercially available and has
been used in pressurlzed water reactors.

Cladding studies were performed on both cadmium/copper and cadmium/
silver alloys. Little information is available in the literature om the
torrosion resistance of these alloys at ML-1 conditions.  Electroless
nickel plating proved to be the most desirable cladding procedure. Pro-
duction size specimens were roll-formed without cracks in the cladding,
and a vendor produced a high-integrity coating. (Brazing appeared to
be a promising method of claddlng, but excessive numbers of wr1nk1es
were found on production-size samples ) )

Two basic corrosion tests were conducted on reference permanent
and burnable poison materials. Tests were conducted in a flow of refer-
ence atmosphere (about 5 ft”/hr) at 870 F for 500 hours. Galvanic tests
were performed at room temperature in water with a full size element "

. (without fuel pins) and with samples in contact in i beakers of water. -
Samples of bare cadmium/copper, nickel-clad cadmium/copper, and baré
cadmium/silver were exposed in the high-temperature tests. The bare
cadmium/copper oxidized and apalled at a rate calculated to be about
0.001-in/500 hr. There was no apparent oxidation on the nickel-clad
specimens after 892 hr. The cadm1um/s11ver alloy exhlblted a black’ ad-
herent oxide after 967 hr.

j. Tubing Defects: Production Hastelloy X tubing is being inspécted

to determine the magnitude and mode of defects. These tubes were produced
from sheet formed into tubing before welding and drawing it to the re-
quired gimensions. All except the last draw was followed by.annealing

at 2050 F for 15 minutes in an oxidiZing atmosphere. The last ‘draw was
followed by annealing in hydrogen. Metallographic examination of the
tubing revealed the following::

1) The cast structure of the weld zone was not obliterated -
by the drawing and heat treating operations,

2) Carburized zones exist in the tubing, especially in cracks
found in wélds. These cracks do not permit the escape of en-
trapped drawing compounds, produc1ng brittle, carburized re-'
gions. -

3) From 5 to 10% of production tubing contained small cracks
about 0.001-in. deep on the inside surfaces of the welds.,

4) Grain size was uniform throughout the pieces and between
pieces, except in the weld zone.

A program was outlined for the evaluation of production tubing.

The program incorporate§ chemical, physical and mechanical tests of
seamless and weld-drawn tubing. '
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k. Design and Fabrication Support: "A test was performed by a vendor to
determine the thermal conductivity (k) parallel to the insulating fibers
of the insulation for the IB-2L fuel element. (Normal usage and report-
ed k values are for the direction perpendicular to the fibers.) These
results indicate that k increases 45 to 55% over the values for use of
the fibers perpendlcular to the heat flow. The value of k (Btu/in.-ft"-
F) at 800 °F mean temperature is 0.85 for parallel and 0.55 for perpen-
dicular. At 1000°F k is 0 96 for parallel and 0.66 for perpendlcular
to ‘the heat flow

Acc0mp1ishments‘- June :

a, Gas Corrosion Tests: Tests’ were completed on Hastelloy X, Nichrome V,
and Martin Fe/Al/Cr alloys at’ 1850 P in 300 psi in the reference atmos-
phere :

Metallographic examination of Hastelloy X exposed for 1000 hr
showed maximum penetration of 0.0013-in. Room temperature tensile
tests produced the following data: ultimate. tensile strength, 104, 800
psi; 0. ZA yield strength, 51,000 psa, and 28% elongation,

Hastelloy X is better than Nichrome V as a fuedl element alloy due
to superior creep strength.

Gas corrosion tests of the’Martin alloys were terminated when
metallographic examination showed Severe oxidation.

~ Gas corrosion tests on tensile Spec1mens of Hastelloy X, Inconel,
and Inconel 702 were terminated-after 5000 hr at 1750°F in 300 psi
reference atmosghere. Tests of Nichrome V-Nb were terminated after
2500 hr at 1750 F in 300 psi reference atmosphere° Tests of Allegheny’
Ludlum G-157 were terminated after 1000 hr at 1750°F in 300 p31 reference
atmosphere.,

Spec1mens of Hastelloy X, Inconel, and Inconel 702 were aged for
2500 hr at 1750°F in a capsule filled with high purity argon. The test
was performed to determine the effects of aging without the influence
of corrosion and nitrogen diffusion.

b, Creep Tests: Two 1000-hr creep screening tests at 1750°F at 1000 psi
stress were completed on modified Hastelloy X and alternate alloys.
Analysis of this and earlier data confirms two conclusions: the addition
of yttrium to Hastelloy X decreases the creep strength of the alloy; and
none of the alternate alloys is comparable in creep strength to Hastel-
loy X. :

A creep rupture test at 1750°F and stresses of 3000, 4000 and
5000 psi was completed on commercial and low-cobalt Hastelloy X speci-
mens. The commercial Hastelloy X proved sllghtly stronger than the
low-cobalt Hastelloy X.
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c. Tube Tests: Specimens were prepared for testing the collapse of
Hastelloy X tubing around stacks. of U0, fuel. In a similar test run for
70 hr, there was sllght collapse of HaStelloy X tubing under ML-1 hot
spot conditions (1750 F and 300 psi external gas pressure).

d. Fuel Oxidétion'Tests: UO, pellets are being exposed to high'purify

nitrogen (20 ppm of oxyger, maximum) at elevated temperatures. The
test is to run for 1000 hr. The purpose of the test is to determlne
the physical changes in UO2 pellets under such conditions.

Specimens were fabricated to simulate defective fuel pins. UO2
and BeO-UO, pellets are encased in Hastelloy X tubing with a hole
0.004-in. in diameter at one end. Two configuraticns. were prepared to
simulate a leak-at either the upper or the lower portion: of the fuel
pin.

e. Alloy Modification: Fifty-pound heats were prepared of each of the

six favored modified Hastelloy X alloys at BMI, and rolled into strips.
Initial examination was begun 6f specimens exposed to ML-1l reference
gas for 1000, 2500 and 5000 hr. These examinations will provide data
on the formation of oxide film, microstructural changes, and chemical -
changes. X-ray diffraction and fluorescence are being used in these
studies. o ‘ '

£f. Be0-UO, Capsule: No work was pefformed on this task during the

period. Data on isotopic burn-up is not yekt available.

g. Capsule Irradiation: Heat transfer calculations were completed at

BMI for these two capsules. A nuclear mock-up of one capsule was
operated in the BRR to obtain data on nuclear perturbation. Capsule
fabrication was started. '

Specimens of Be0/70 wt% UO,, clad with Hastelloy X 0.030-in.
thick, were fabricated at Acro;c% San Ramon,and!shipped to BMI for
irradiation in the MTR-GCR-2. Solid UO, specimens are being fabricated
at Aerojet, San Ramon, for irradiation iIn BRR-GCR-3. ‘

h. Thermal Fatigue Tests: Automatic timing controls .are being 1nsta11ed‘

on the machine for thermal fatlgue testing.

i. Burnable and Perméhent Poisons: Work under this tagk on burnable

and permanent poisons was completed in May. Work performed in June on
this subject is reported under Task 21-7XX, Fabrication Development.

j. Tubing Evaluation: A producfion tube was metallographically ex-

amined to determine the frequency and extent of defects not dctccted by
the Radac eddy current machine. Sixty-five per cent of the areas
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examined in this tube contained defects 0.0005-in. deep or deeper, all
on the inside surface of the weld. Sixty samples from 30 productlon
tubes were mounted and will be examlned for defects.

k. Design and Fabrication Support: Measurements of thermal conductivity
of Thermoflex 1nsu1at10n (to be performed by the vendor) were, delayed
three weeks. o . . . . .

Anticipated Aecomplishments = July:

a. Gas Cortosion Tests: Tensile‘tests will be performed at room

temperature on_samples of Hastelloy X and Inconel after 5000 hr ex-
o

posure to 1750 F in the reference atmosghere, and on samples of - the

same alloys after aging 2500 hr at 1730°F Llu argoa. These opccimens

will be metallographlcally examined fror corrosion pemnetration and

changes in microstructure.

.'A:The tesults of tests on three Martin Fe/Al/Cr alloys will be
evaluated. The'evéluation will‘conclude the work on these alloys.

b. 'Cfeep Tests: Creep tests will be completed to provide data on o
secondary creep rate for Hastelloy X under several stresses at 1750 F.

c. Tube Tests: A test to determine the mode and magnitude of collapse
and corrosion effects will be started on réference Hastelloy X tubing
fully loaded with natural UO,. The 3emplcg will be exposed to 300 psi
external pressure of reference gas at 1750°F for 200 hr.

d. Fuel Oxidation Tests: Tests will be started on simulated leaking
fuel piis expoosed to refoerence conlant gas and air. Data will be ob-
tained on the rate of oxidation of the fuel stack and the resultlng
phySlcal changes. :

e. Alloy Modification: Spec1mens will be fabricated from six mod1f1ed
alloys arid long term exposure begun in the reference gas.

Creep tests will [ begin on the six modified alloys, initially at
1750°F. ' ) ‘

‘A statistical evaluation was completed on the 19 modified Hastel-
loy X alloys considered originally. The information from this study
now will be correlated w1th planned corrosion experiments.

f. BeO-U0, Capsule: Isotopic burn-up data is expected from Phillips
Petroleum Co. . This data will be correlated with dosimeter data and
heat balance calculatlons '
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g. Capsule Irradiation: Fabrication of capsﬁleé will‘béféQmpletéd at.
BMI, and the solid U0, capsule will be ready.for irradiation. The Be0-U0O;
capsule will be ready for shipmént to NRTS early in.August.

Solid UO, specimens will. be fabricatédn for the above capsule early
in ‘August. '

h. Thermal Fatigue Tests: Equipment will be installed and tests started.

i. Burnable and Permanent Poisons: Work will begin on a rough draft of
. the final report .summarizing the results of these tests. ’

Vendors of such materials will be evaluatéd to supply materials
for use in the future. :

j. Tubing Evaluation: Tests will continue on production tubing to obtain
information on the size and frequency of defects. Liaison will continue

with the inspection department to determine the accuracy and sensitivity

of the Radac .eddy:.current testing machine.

k. Design dnd Fabrication Support: Data will be available from tests of
Thermoflex RF-600, €800, and -1200 at mean temperatures of 800 and 1000°F.

5. -‘Fuel Design (Task 21-6XX)

Summary - January through-May:

a. IB-2L Core: This core for the GCRE. reactor is similar to the ML-1
first .core except the end fittings are modified to fit the GCRE pressure
vessel (Figure 60). The pin bundle proper in the IB-2L is isimilar.to...
that in.the ML-1 first core. The major differences .:are. that. the- IB-2L
core has welded tubing with an unfueled center pin {loaded with a Haynes-25
alloy rod, whereas the ML-1 has seamless tubing with the unfueled center
pin.loaded with ceramic. ’

Most of the drawings for this element were released hefore 1 Janu-
ary 1960. The burnable poison was bemng analyzed and developed .during
the period, and the drawings of this portion of the assembly were re-
leased during the period. At the beginning of the period, the theoretical
study had determined the quantity and placement of the poison. .The fabri-
cation development study now is completed for the support of the poison
foil and the protection of the foil from oxidation.

The characteristics of the IB-2L components were cdategorized to show
the degree of importance of each inspection step in terms of critical,
major or minor. The guide:will be used by inspectors. The quantities
of burnable poison material, the assay and content of fissionable material,
and the means of sealing the fuel pellets completely in the pin tubing
are the most important steps to ensure the element will have a long
lifetime.

- The stress analysis completed for the IB-2L fuel element revealed
no major deviations from previous. analyees. All components are designed
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to withstand elastic or shock stress at least four times more than pre-
dicted. The inner. liner mlght be damaged in an accidental blowout .of
coolant gas; thlS Weakness was eliminated by boring four holes, each
0.065-in. .dia, in the 11ner

Fabrication began on the IB-2L during the period. Extensive effort
was directed toward developing fabrication techniques for the first core
design.

b. IB-9R and IB-10R: The first two pin-type elements used in.the GCRE
before the IB-2L core is used will be the IB-9R and -10R. 'More .extensive
instrumentation.will be used in .these elements than in the IB-2L, includsi.
ing thermocouples to sense temperatures at the surfaces of the pins.

These elements were detailed and the drawings released. " (Additional in-
formation on these elements is reported in Task 21-9XX in this section.)

c. ‘Thé ML-1 First Core: Fabrlcalluu Jdrawiigs were rclcaoced for tho ML-1
first core.(Figure 61). Basically Lhe ML-1 fuel elewent assembly is a
cylindrical tube, 32-in. long by 1.720-in. OD, that weighs about 10 1b.
The active fuel length.is 22-in. Each fuel element consists of a center
pin containing.a:. céramic, such &s BeO.or Mg0,.Six intermediate fuel pins
loaded with. fully enr;ched U02 pellets, and 12 pins in the outer ring loaded
with BeO- uos peliets. The pins hang from an upper spider and are free to
.expand through a lower spider. Spital wires run the length of the pin to
serve as spacers. The pins are surrounded by an inner liner, a layer of
insulation and an outer liner. The fuel pins are made of Hastelloy X
tubes, 0.241-in..0D with 0.030 in. walls.

-The fuel element retaining plate prevents. upward movement of the
fuel elements .through the upper tube sheet. A seal is formed between
. the tube sheet and thc fucl olement .to prevent. escape of cnolant gas.
The coolant gas flows from the upper plenum down past.the fuel pinms.
Thus gravity and coolant pressure tend to place the element structure
and fuel pins in tension. The spider that supports the pins at the top
of the element is de31gned to reduce pressure drup.

. Lateral shift of the fuel pins is prevented by wires wrapped in a
spiral four times around the full length of all but .the center pin. The
wire spacers, made of 0.040-in. Hastelloy X, are attached to the upper =
and_lcwer pin lugs. These plugs are pressed into the ends of the fuel
tube and Heli-arc welded into place. The lower ends of the pins are
spaced by the 1ower spider. The lower spider prevents the pins from
dropping into the lower plenum if theiprimary support of the pins fails.
Each lower pin plug has ‘a cylindrical section that slides freely through
an aperture in the lower spider to accommodate differences in thermal
expansion.

The power between.pins.is adjusted to egualize maximum metal. tem-
peratures., More uranium is placed in the intermediate pins than in .the
outer 12.to equalize wall tenperatures among the pins because the thermal
neutron flux is lower in the center of an element. The intermediate pins
are filled with fully enriched UO, pellets (nominally 0.177-in. dia by
0.325-in. long) and the 12 outer pins are.filled with BeO- -U00, pellets
about 40" vol% hlghly enrlched UOy. The BeO- UOZ pellets are nominally 0.176-
in. dia by 0.22-in. 'long. All pellets are cold-pressed and sisntered to about
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96% theoretical density.

Washers of Thermoflex insulation are stackédvto'qccupy the space
between .the inner .and outer liners. The inner liner is Hastelloy X,
1.426-in.1ID with 0.010-in. wall. The outer liner is stainless steel
tubing (0.012-in. wall) welded to the upper and lower closures of the fuel
elements. The outer. liner supports the fuel element bottom end closure,
the "nose". The nose of the element may be orificed to allow control of
minor variations in power distribution.éqfoss_the'core by varying the .c-~
coolant flow. All elements will rum, ideally, at the same temperature.
.The burnable poison, formed of a cadmium alloy canned in. stainless steel
foil, is attached to the inside of,the outer liner .that surrounds the
lower nalf of .the fuel. The poison is used in this location to reduce
. the peak temperatures of the fuel pins during the first few thousand hours.

The fuel pins are assembled as follows: a lower plug is pressed
into the fuel pin and Heli-arc welded. Then 0.75+in. of MgO pellets is
placed in the fuel pin, followed by 22-in..of the appropriate fuel pel-
lets for the outer or intermediate ring of pins. A BeO pellet is added
and a spring spacer inserted on top of the stack to prevent movement of
the pellets into the gas expansion chamber and to minimize the gaps be-
tween the ends of the pellets. The pin.is evacuated and back-filled with
helium. The top end plug is pressed into the pin and Heli-arc welded
into place.

The MgO pellets are used to reduce the temperature at the weld that
joins the lower plug to the tube. A BeO pellet is used at the top of the
fuel stack to disperse the heat from the top fuel pellets, thus reducing
the peak temperature gradient. at this point in the stack. The fuel is
enclosed in Hastelloy X.

The fuel tubes are inspected with a Radac eddy current machine. The
welds are inspected with a helium leak spectrometer and by X-rays. Each
fuel pin assembly is checked with a gamma ray scintillation spectrometer
to ensure that UO, pellets are not mixed with-BeO—UO2 pellets.

Specifications were written for pin and .fuel element asseﬁbly,

Stress analysis. is nearly completed for the ML-1 first core element.
Tentative conclusions are that the assembly will withstand higher elastic
and shock. loads .than the IB-2L except that severe coolant loss still could
cause buckling of the inner liner. Thermal stresses continue to be re-
viewed without discovering any danger areas thus far: the strains: result-
ing from thermal stresses are believed to relax .themselves and the analysis
is difficult. In-pile tests and capsule tests did not reveal any ill ef-
fects arising from steady or cyclic thermal stresses. .

.Accomplishments - June:

A conceptual design was completed for the cross.section of the ML-1
second core. The conceptual design incorporates 19 fuel pins, each
0.275-in. OD,inside an inner liner 1.55-in. ID. These dimensional changes
will lower. fuel pin metal tempcratures and provide more room for diluent.
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These two factors will improve retention of fission gases, and improve
dissipation of heat to the moderator water during . shutdown or an acci-
dental severe loss of coolant

‘The design of the IB-9R fuel element was modified to incorporate
the IB-2L fuel loading and thermocouple positions. The .elements with
.these changes, called the IB-9R-2A and.IB-9R-3A, will be used to deter-
mine shifts of axial power from burn-up and from changes in control
blade position. Drawings of these element are being checked.

The drawings were released for the thermocouples for the IB-9R ele-

ments. The material for the water seal locking nut was changed by in-
creasing its hardness to prevent galiing.

Anticipated Accompllshments - Jnlyx

Drawings will be released for the . IRB- 9R-2A and IB-9R-3A.
Stress calculations will be completed for the ML-1 first core element.
The burnable poison drawings will be released for the ML-1 first

.core fuel .elements. This will complete the release of all drawings for
the ML-1 .first core fuel element.

6. Fabrication Development (Task 21-7XX)

(Note: The work under this task formerly was reported as a portlon of
-Task 21-200, IB Fabrication Development.)

Summary - January through May:

a. Mechanical: Special tooling was supplied for fabricating the.IB-2L

and ML-1 .cores. The tooling included welding and positioning fixtures,
pellet inspection gages, and pellet assembly tools. Conceptual designs
were made of .a fixture to use in.attaching poison foils to the outer liner
.at NRTS before the elements are inserted into the reactor.

Four mechanical tests were run during the period: liner ovality,
de-pressurization, upper spider load, and thermocouple calibration tests.
These tests.confirmed the adequacy of the IB-2L and ML-1 designs. Para-
meters were established for shock and vibration tests of the ML-1 fuel
.element, and test specifications were wricten.

-An ML-1 prototype fuel element was constructed and used in orifice
calibration tests. Assembly of the prototype: also confirmed the assembly
procedure and the assembly tools. Fabrication began on three display
models of the IB-2L fuel element. '

‘Engineering support was provided in establishingzan,area for clean-
ing inert parts, putting pellet fabrication "on line'" in the ceramic
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laboratory; and installing special hoods and vents to meet health and
safety requirements. Special inspection tools and equipment were pro-
vided for quality contro6l. of core parts. '

b. Process Development: Fabrication development work was concluded on
welding fuel pdn closures. .The process uses tungsten inert gas welding

in a semiautomatic, sequence-timed .schedule. The fit-up of the weld joint
must be carefully controlled to eliminate gas voids in.the welds. Current
data on the production of 500 fuel pins shows that the process is capable
of producing 99.5% acceptable weld joints. A weld repair prodedure was
developed that permits one re-weld per joint.

Ah assembly procedure was developed for the wire spacers on the

. fuel pins, and tested by thermal cycling. The wires are spiral wrapped

in .an assembly fixture, the ends passed through holes drilled in the end
plugs, and the wire spot welded into place with tungsten inert gas fusion
welds. Several mock-up pins were thermal cycled 50 times from room tem- .. -
perature to 1750°F. Repeated cycling showed the spot welds. were completely
sound.

A braze joint was developed for fuel pin thermocouples and an in-
duction brazing process was developed for instrumented IB fuel pins.
Both joints were tested, '

Schedules were developed for semiautomatic. tungsten inert gas weld-
-ing the end supports to the inner and outer liners of the fuel element.

The burnable and permanent poison foils must be clad or coated be-
cause of possible corrosion from reactor flooding. The feasibility and
reliability of electroless nickel cladding was demonstrated by corrosion
tests to be adequate. It is now the reference process for coating foils
(see Task 21-4XX). Attempts to braze-clad the foils with stainless steel
were unsuccessful.

.The procedure was established for assembling poison foils. The
burnable and permanent foils are assembled by enveloping the foils.in
stainless foil, resistance tack-welding the sub-assembly into position
on an assembly mandrel .(Figure 62). This sub-assembly is then positioned
.and tack-welded in position in the outer liner of the fuel element,

:The proéess and test specifications and procedures were completed
for the fabrication of the IB-2L and ML-1 cores.

A fabrication process was developed with the tubing vendor for the
production of Hastélloy X inner liners. The schedule for drawing the
rolled and welded tubing to the required final wall thickness (0.010-in.)
requires seven individual cold reduction passes, each followed by process
annealiftg at 2150°F for ten minutes. The feasibility of the process. was
demonstrated by cold drawing four trial tubes to final size.

Accomplishments - June:

&, “Mechanic#l} Data'‘from the de-pressurization test showed that the eler . u
ment. is.adequately designed to withstand pressure loss due to discharge
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.of the relief‘va1Vé, but that :the design is of marginal strength in case
there is a major rupture of the inlet .and outlet pipe. .It was recommended
that .additional holes should be drilied .in the inner liner to equalize
pressure.

Test parameters were established and a test spec1f1cat10n written
:for shock and vibration tests for the ML-1 fuel element. The test fix-
ture is being de31gned

A test fixture was built to adapt the ML-l-type fuel pins to the
. thermal cycle loop. A thermal ratcheting test will be run with this
equipment. Test parameters were established and .a test Spec1f1cat10n
written for the thermal ratcheting test. A fixture was designed for
th¢ uppefgspider fracture test, and test parameters were.established.

Prcllmlnary invcotigation began on .the use of .double-walled .tubing
,for fuel pins to increase the reliability of tontainment. ...

.The following tools were complcted and cheeked for uoce in .acoembl-
-ing IB-2L and ML-1l cores: pellet stack height fixture, pin plug press
fixture, drill jig for fuel pins, and a lock box in which to store IB-4T
fuel elements. A "eo-gage' was designed to insure an adequate fit of the
fuel element .in the reactor tube sheet .and is being checked. A flow cali-
bration standard was designed, checked and approved for use with the Radac
eddy, current machine. The shim wrap problem is being investigated, and
. procedures and tooling are being developed.

b. Process Development: Welding development is complete for.the inner
and@uter liner of the IB-2L fuel .element. A step-welding procedure is
used,. and the p051t10n of the electrode is adjusted to compensate for
.the fit-up of the joint. Metallographlc examination .of test .welds shows
full weld penétration without cracklng Process instruction sheets
were completed.

Development work was completed for assembling the IB fuel element
poison,. the outer liner and the insulation. The thickness of the insu-
lation ring was reduced to accammodate the thickness of the pgison assembly.

" The IB fuel element drawings were revised to show the method of fastening
the poison to the cladding; the dimensions of the cladding, poison and
insulation; and the method.of fastenlng the poison assembly to the outer
.liner of the fuel element.

Thermocouples were successfully spliced for the ‘IB-10R and IB-9R-2.
The service temperature is BOO°F for these splices. -Each thermocoupie
was spllced by oxyacetylene gas fusion welding the wires, potting the
weld in cement(made by Continental Sensing Co.) and enclosing the potted
splice in an Inconel can brazed to the thermocouple sheath.

-Thermocouples for the IB-4T will be spliced by the above process.
Corrosion tests.show that, of the allogs tested, the -American ‘Welding
Society BAg-30 corroded least at .1350'F. Improvements. are being de-
veloped in the potting cement and in the fixture for holding the therme-
couple during splicing. Corrosion and heat cygéling tests will continue
on brazed joints, potting cements and splices.
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FOIL ASSEMBLY ON MANDREL READY FOR_INSTALIATION

The left is the bottom of the cladding,
next is the permanent poison envelope,
and on the right is the burnable
poison envelope,

FIGURE 62
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Anticipated Accomplishments - July:

The shock and vibration tests will begin on the ML-1 fuel element
during the last week of July. The test fixtures will be fabricatéd
during the month so the fuel element can be adapted to the shock and
vibration tables.

Dry runs will be started and completed on the thermal cycle loop
in preparation for the thermal ratcheting test. The actual test cycle
will begin. It is expected to take from four to six weeks.

The fixtures will be fabricated for the spider load test and the
test runs made.
¥ A test program will be initiated to thermally cycle and test thermo=-
couples for use in the instrumented fuel elements.

..The "go-gage'" will be completed late in the month. A fixture will
be designed for attaching poison foils to the ML-1 elements.

Test fabrication will begin on double-walled tubing as soon as
quotations are received.

Welding schedules will be refined and improved by following pro-
duction procedures for fabricating fuel element liner welds. Procedures
for assembling fuel element poison foil, cladding, outer liner and insula-
tion will be followed to improve fabricability. Tests will continue on
materials and fabrication methods for splicing IB-4T thermocouples.

Procese inctructions will be written [ur fuel element assembly.

Liaison will be maintained with the vendor of the fuel pin tubing
to improve the integrity and reliability of the tubing.

Development will hegin on a process to weld the ML-1 liner to the
end support.

T IB-2L Core Production (Task 21-9XX)

Summary - January through May:

Procurement was initiated in January of materials for fabricating
Lthe IB-2L core. The initial 440 ftuel pin tubes were delivered in Febru-
ary. These tubes were eddy-current tested, cleaned and inspected before
machining.. The remaining 1500 tubes were delivered in April. Ten percent
of the fuel pint tubes were rejected in the eddy-current test.

An additional order was placed for AISI Type 316 stainless steel
for use as.inner liners for the. Hastelloy-X tubes because of problems..in
forming the ascwelded tubes to.the_required.gage and tolerance.

Adequate control was attained in the concentricity of the pin plug

between the bearing surfaces of the press-fit pin plug joint and the
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spider holes after a detailed review of the inspection methods.

The layer -of poison foil was doubled durlng assembly to compensate
for incorrect cadmium content.

Spring-type fuel spacers were substituted for the tube-type spacets.

Haynes-25 (low cobalt) alloy inserts were‘procured for the center .
pin after the decision to leave the center pin unfueled.

The precision of the drilling and inspecting fixtures was improved
to correct poor location.of pin locating holes in the support spider
casting. ‘ '

The intermediate fuel pins in this element will use.ifully-enriched
uo, pellets. These pellets were procured from .8: vendor. The rejection
rate was less than 1%. Fabrication was initiated in April on Be0O-UOp
(65. wt%) pellets and 1000 green pellets were made to establish procedures
for mixing, blending, granulating and pressing. The hydrogen sintering
furnace was installed in May and procedures were established for sintering
and for controlling shrinkage. Experimental lots demonstiated the feasi-
‘bility of controlling shrinkage to a diameter of O. 176- - 0.002-in.,
thus eliminating the projécted, .grinding process.

Production was initiated on 15 May with 3000 pellets, but the compo-
sition was revised to BeQ-70.5 wt%. 1[0))) (cf Task 21-1XX), thus requiring
read justment of the procedures. Significant quantities of the 3000 pellets
were produced on 4 June, using a mix with 3% CD 108 and 2% castor. 011
The problem of inconsistent shrlnkage requires adjustment of green density
followed by test firing.

ASSembly"wés planned in.three stages. . In.the first, fuel pins were
loaded with U0y, the ends. closed, and leak tests performed. The second
.stage was loading the outer pins with Be0-UOp. The third was assembling
the pins, liners, insulation .and end fittings to the element. -Assembly
started on the U0, pins in May and was completed 15 June. .Loading was
.initiated on Be0-UQ2 pins in June and is in process. Preliminary assembly
.also was started on 57 of the 70 elements planned. The center pins were
modified to accommodate inserts of Haynes-25 alloy in place of fuel.

-Accomplishments - June:

"The procurement of tube plugs, lower spider castings .and back-up
AISI Type 316 stainless steel for the inner liner is compatible with the
schedule. The most 31gn1f1cant problem was the d1ff1cu1ty in machining_
pin plugs and lower spiders.

In fuel processing, 23,000 BeO- U02 pellets were completed in .June.
This is in addition to 6000 completed by the beglnnlng of the month. About
327% of the pellets..arecnow..complete for this core. The most significant
problem was the adjustment to control’ shrlnkege '
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.Assembly of.347 intermediate pins (U0,) was completed, and 375 pins
were loaded with Be0-UO,. -Assembly started on 57 sub-assemblies of the
inner pin spider. The most serious problem was to maintain a sufficient
supply of .plugs, spiders.and-BeO-UO2 fuel pellets to maintain.the assembly
. rate,

Anticipated~Accogplishments - July:?

‘Procuremént.will be completed.

Fuel pellet production will reach}782,(70,000)_of‘the amount needed
for the core.by 1 August. '

-All of the UQO, pins will be assembled, 58% of the BeO-UOQj .pins, and
J0% (22) of Lhie elements.

8.  IB=1T Fabiicallun.and In-pile TestA(IaSk124-lXX)

The effectiveness of the fins on the IB-letT was evaluated on .the
basis,of.temperatufe profiles.of the smooth and finned .tubes.

Compensation was made for variations in power.generation, in flow
rate and in inlet temperature by adjusting the temperatures in .the ©4_
.element so these factors. could be compared to the element. Five
steady state operating points showed 70°FAvariation,in peak temperatures.
In each case the smooth pins operated .at higher temperatures. It is sig-
‘nificant that .the apparent peak temperatures fell at different values of
X/L. The phenomenon-is attributcd to changes in core loadings. The &<
element reached a peak temperature at larger X/L than4the~f3 element.

The results of this work were written in rough. draft form and will
be published as ''In-pile Tests of GCRE-IB Test Elements,' ID0-28552.

The task was completed and no further report will be made.

9, .IB-2T Fabrication and .In-pile Test (Task 24-2XX)

Summary - January through.May:

Fabrication was completed on three elements during the period:
.Lthe IB-2T-1, the IB-2T-2 (power elements) and the IB-2( (a nuclear mock-
up). -The nuclear mock-up .and the first power element, IB-2T-2, were .ir-
radiated. Irradiation of. the IB-2T-1 was initiated.

Initially it.was decided to. insert an.element instrumented only
with inlet and ocutlét gas thermocouples. The HECTIC code and flux data
from the IB-2¢) were used to calculate surface temperatures. The primary
objective of this test was to obtain data on the effects of .thermal cycles
.on .the structural and mechanical integrity of. the IB fuel elements. Ir-
radiation began 9 March .and was. completed 2 May. with a total operating
. time of 792 hr. A toctal of 1147 thermal cycles were acciémulated during
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the run. The cycles were controlled between 1000 and 1600°F based on
calculated surface temperatures.’ -

Test irradiation was started on'the’ IB-2T-1 on.9 May.

Accomplishments - June:

Macroscopic examination was completed on the IB-2T-2 element on 20
June in.the BMI hot cells., A special apparatus was constructed to dis-
assemble the element without damaging the inner liner. The apparatus
used an abrasive cut-off wheel mounted on a carrlage :riding on a mono-
rail(Figure 63)

The inlet gas thermocouples were examined and photographed before
the element was disa$Semb1ed§ ‘The outer liner was removed and the liner
thermocouples examined and photographed. The inner liner then was re-
wmoved., After severang the top of the bell with a ‘circumferential cut
above the top spider, the outlet gas’ thermocouple remained with the plece
cut off. The tips.of the thermocouple were examined and photographed

The pin bundle then was hung from the in-cell overhead crane. Photo-
graphs were ‘taken at 90° intervals, using a %-in. grid as the background.
(Figure 64). The bundle showed little evidence of distortion. The’
spacer wires separated from the fuel pins 1/16=in in several spots.

The fuel pins were separated and photographed. Each pinsg was
photographed with the w1re pitch p01nts facing the camera and.again
with the pin rotated 90° clockwise. - Several of the pins were bowed
1/8-in.

.Irradiation .of the IB-2T-1 element reached 809 hr of operatlon
The latest set of data ‘is as follows

'Gas- enthalpy 1ncrease s : 44,8 kw

~Mass flow rate - . . , 828 1b/hr
Element inlet pressure 198 psig.
Test sectioh.oreseore drop, . 3.88 psi. h
Gas inlet temperature 560°F o
Gas outlet temperature 1245°F (average)
Maximum pin sirface temp. l6SQ°F

Anticipated Accomplishments - July:

Microscopic examination of the IB-2T-2 elemeént will be completed‘
at BMI.

.Irradiation will continue on the IB-ZT-l”element.

Preliminary reduction and evaluation will be completed on heat
transfer data.
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10. IB-3T Fabrication .and In-pile Test (Task 24-3XX)

The drawbar to fit the BMI-16 in-pile.tube was fabricated .and all
drawings completed. -All efforts were stopped .and the completed work
‘transferred to Task 24-4XX, IB-4T Fabrication .and .In-pile Test in Febru-
ary because the IB-4T is closer to the ML-1.reference design, and a more
useful. test may be obtained by accelerating insertion of. the IB-4T in
the BMI-16 loop (the IB-3T. and .IB-4T are similar).

There will be no further fepQ;t on .this task.

11, . IB-4T Fabrication and In-pile Test .(Task 24-4XX)

This task was accelerated early in»EeBruary_by,including all com-
pleted work from the IB-3T element. Calcuiations were completed incor-
‘porating the new flux values obtained in .the BMI-16 facility. - Detailing
was completed for .the test .clement and the drawings were released for
fabrication. Inert part procurement was essentially complete. -An engi-
‘neering evaluation report . was written and published. '

Fabrication of this element was not started, as this work has been
‘deferred.

There will be no further répdrtAon this task.

12. IB-9R, ‘IB-10R Fabrication and In-pile Test (Task 24-9XX)

Summary - January throiugh.May:

This task provides for in-pile tests .of IR-2L .fuel elements. Four
‘elements will be irradiated. The TR-9R-2 will he irradiated for 4000 hr
to gather ‘information on heat .transfer. .The 'IB-10R, a thermal shock ‘test
clement, will run for 4000 Li. The IB=9R=4 .aud =0 wlll be inserted with
. the . IB~2L core in October for additional heat transfer information.

‘The element for. this task will be fabricated .and instrumented by
Task 21-6XX, IB-2L Fabrication, Fuel Design. -

-Accomplishments - June:

The - IB-9R-2 .and IB-10R. test elements. were completed and shipped to
the GCRE-I site. Modification of the IB-2@ for insertion in GCRE-I (the
element re-labeled IB-9¢). was completed and shipped. .The flux run was
completed .and data reduction is in progress.

Anticipated Accomplishments - July:

The IB~9R-2 and IB-10R will be inserted in the in-pile loop. ¥

‘Fabrication will .start on thé-IB—9R-4 and. IB-9R-6 elements.
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13. 1TB-7T. Fabrication and In-pile Test (Task 25-1XX)

Summary - January through May:

A test was initiated to assess the effects of a pin-hole leak in a
fuel pin on the ML-1 power plant. Several approaches were considered,
and the concept of a dynamic capsule (i.e., one with self-contained circu-
lator, heater and cooler) was selected. One approach was an in-pile loop
with out-of-pile gas circulators, monitoring stations, a pre-heater and a
cooler; but this was rejected on the basis of the cost of modifying the
GETR loop and the danger of contaminating the plant. Another approach
was the use of a capsule with natural convettdon, but the productivity
of such a capsule would be severely limited. Hence the dynamic capsule
was adopted as a compromise (Figure 65).

Test parameters were selected and specifications prepared. The
test program will be implemented in seven steps: Design and procurement,
tests of components, construction, out-of-pile tests, in-pile mechanical
tests, and in-pile tests.

Accomplishments - June:

Components were designed, detailed and procured for the test. Fabri-
cation was 75% completed by the end of the period.

Anticipated Accomplishments - July:

Tests will start on the components. F i. . u2

Final design and detailing will be started for the capsule,

14. 1IB-8T Fabrication and In-pile Test (Task 25-2XX)

Summary - January through May:

The ORNR helium-cooled loop at GEIR is being modified by an interim
agreement with the General Electric Co. as approved by the San Francisco
Operations Office of the AEC. The loop was operated on a preliminary ' °
basis with nitrogen as the coolant to assess the modifications needed
to satisfy the requirements of the AGCRSP. The compression ratio of
the compressors and the pressure drop across the pre-coolers were found
to be excessive. Slower speed motors will be installed to reduce the
compression ratio. Aluminum windows and beryllium reflectors will be
clamped to the in-pile facility tube to flatten the radial gradient
of the neutron flux and thus possibly increase the fission heating
capability ot each tube.

Accomplishments - June:

Contract negotiations were started with the General Electric Co.
through the AEC (SAN). The General Electric Co. performed the following:
Achieved 407% completion of the detailed drawings for the in-pile facility
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tube; ordered all major items needed to modify the loop; completed the
calculations necessary for the application to have the license amended;
and dismantled the compressors for inspection by factory representatives.

Drawings were released to Aerojet for fabricating the test speci-
men for the IB-8T-1 and IB-8T-2. A data package was started for the
IB-80 flux run.

Anticipated Accomplishments - July:

Fabrication will start on the test element.
Loop modifications will continue at the GETR.
The data package will be completed for the IB-8@ flux run.

Fabrication will he initiated for the IB-8@ [lux elementc.
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CONCEPTUAL DRAWING OF THE 1B—7T TEST ELEMENT
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V. THE GAS TURBINE TEST FACILITY

(Note: The AGCRSP is.concerned with GITF insofar.as work under Contract
DA-44-009-3252 will affect the completion of the ML-1 and contribute to
the design of power conversion equipment compatible with the ML-1 system.
The complete report on the GITF is made under the relevant contract.)

- Summary - January through May:

Open cycle testing was continued on the turbine-compressor set
‘during January. -Tests were conducted up to the normal operating speed
of the unit (18,000 rpm) and normal operating temperature .(1150°F).
Failure of. a gearbox bearing and a damaged seal in the tec set made it
‘necessary to terminate the test before self-sustaining operation was
attained. The unit was returned to the vendor.

-A summary of the open cycle test analysis and predictiomns for
closed cycle self-run were published in March.

‘The facility was converted to closed cycle from open cycle opera-
tion by April, and pre-operation chack-outs and tests were conducted.
The t-c set seals were run in by performing mMiore than .170 tests. A by-i ..
pass return line was.added to the low pressure side of the loop because
the leakage across the t-c set seals was greater than estimated.

-A plan was completed in April for the 500-hr closed cycle test.

The initial closed cycle rotational tests were completed in May.
Self-sustained operation was attained 12 May. The test.was terminated
after 10 minutes when lubricating oil leaked into the process gas system.
Preliminary investigation indicated that .the leaks occurred because the
pressure in the compressor bearing seal cavity was higher than the
pressure in the process gas system. Scavenger pumps were installed in
the compressor bearing return line to maintain lower pressure in the
bearing seal cavity. In the next test run, however, oil leaked into the
gas system at 16,000 rpm. A separate 0il sump was installed for the com-
pressoxr bearing to prevent this condition in future tests.
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Accomplishments - June:

_ Closed cycle tests were resumed on the t-c set. Testing was dis-
continued when a turbine inter-stage seal failed in the t-c set. The
unit was returned to the vendor.

Anticipated Accomplishments - July:

Re-work will be completed on the t-c set, and the set returned to
Fort Belvoir.

Testing is scheduled to be resumed in August.

- 162 -



Report No. IDD-28558

SELECTED RIBLICGRAPHY

REPCRTS

Army Gas Cocoled Reactor Systems Prégram, ML-1 Design Report, Aerojet-

General Nucleonics, IDO- 28550

Army Gas .Cooled Resctor Systems nggram, Semiannual Progress Report

July - Dec. 1959, Aerojet-General Nucleonics, ID0-28549.
Army Gas Cooled Reactor Systems Program, Transportability Studies,

ML-1 Nuclear Power Plant, Aerojet-General Nucleomies, ID0-28553,
April 1960.

Brazing,for High Temperature Service, Battelle Memorial Institute,

DMIC Memorandum 48, 29 March 1960.
Calculated Activities and Abundances of U-235 Fission Products, USNRDL-456.

Calculation of Armature Reactance of Synchronous Machines, AIEE Trans.
Vol. 47, 1928.

Calculation of Synchronous Machine Constants, AIEE Trans. Vol, 50,
Dec. 1931.

Carbon'Dioxide Storage and Charging Systems, Henry J. Kaiser Co.,
ID0-24263, March 1958.

Contaminated Effluent Disposal, Heury J. Kaiser Co., 1D0-24262, March 1958,
Contribution to the Theory of 0il Whip, Trans. of ASME Vol. 75, 1953.
Effective Cadmium Cuto‘f Ene:gles, Ozk Ridge Nationmal Laboratory, ORNL-2823

Effect of Temperature Dependent F1u1d Properties on Heat Transfer and
Flow Friction For Gas Flow, Stanford University, 1957.

Elactomcrs for Use in the Radiation Fieldsd, HAPO GE HW-5647.
Estimated Radiation Stability of Aircraft Components, APEX-357, Sept. 1956.

Examination of Flow and Pressure Losses in Blade Rows of Axial Flow -

Turbines, NGTE R&M Z891.

. Fast_Neutron Spectrum Code for the IBM, MUFT-4, WAPD-TM-72.

Fuel Element Conference, Technical Iﬁformation Service, AEC, TID-7546,

Nov, 1957,



Report No. ID0-28558

Further Studies With the GCRE Critical Assembly, BMI-1306.
GCRE Critical Assembly Studies, BMI-1288.

GRACE I, An IBM 704, 709 Program Design for Computing Gamma Ray Attenue.
ation & Heating in Reactor Shields, NAA-SR-3710, 1 April 1959.

Graphite Compatibility with Metals, BMI-1261, April 1958.

Graphite and Its Properties; General Electric Co., R 58 AGT 591,
July 1958.

Heat Transfer and Friction Flow Characteristics of Cylindrical Parallel
Rods with Transverse Cylindrical Spacers, AED-3975, 1954.

Heat Transfer from ParalledrRods in Axial Flow Reactor Heat Transfer
Conference, BMI Part 1, Book 2, 1956.

Heat Transfer Source File Data, APEX 425, 1958.

Influence of Non-Uniform Heat Flux & the Convection Conductances in a
Nuclear Reactor, Stanford University, Pept. of Mech. Engr., Tech. Report
No. 23, 1957. .

Lubrication in the Atomic Age, Standard 0il Co. of Calif., Tech. Releasc
No. 877, 13 Feb. 1959.

Lubricating 0il, Hydraulic and Light Turbine, Noncorrosive, Milltary Specs

ML-L=17672A, June 1954.

Means of Limiting Impurities in the GAS System of the PECPR, Nuclear
Products, Erco Division, ACF Industries, Inc., ID0-24062, 19 Feb. 1959.

Measurements of Average Heat Transfer and Frictlon Coefficients for Sub-
Sonic Flow in Air in Smooth Tubes at High Surface and Fluid Temperatures,
NACA-1020, 1951.

Measurements of Heat Transfer and Friction Coefficients for Flow of Alr
in Noncircular Ducts at High Surface Temperatures; NACA-I-ES53j07, 1984,

ML-1A Studies with the GCRE CriticalvAssemblx,.BMIel396.
MUFT-4 Fast Neutron Spectrum Code for the IBM-704, WAPD-TM-72.
Nbc Coating on Graphite, BMI-1296, Oct. 1958.

Nuclear Evaluation of Slab Type Control Rods, KAPL-M-RWD-17.

Nuclear Irradiation Effects on Ferro Magnetic Core Materials, U. S. Naval
Ordnance Laboratory, NAVORD Report 6127.

Oxidation of Experimental Alloys, WADC-TR-58-164, June 1958.

Oxidation of Zirconium and Zirconium Alloys, Argonne Mational Laborato.y,
ANL-6046, Sept. 1959.

PDQ - AN IBM 704 Code tu Solve the Two-Dimensional Few Group Neution :
Diffusion Equations, WAPD-TM-70.

Pile Cscillator Measurements of Resonance Absorption Integrals, AERE
R-20887.

Proceedings of 2nd Annual Svmposium of High Temperature Technology, SRIi
August 1953,

194 -



Report No. IDO-28558

Progress Development of UC Fuels, BMI-1370.

Prototype PEGCPR Annual Helium Loss,  Henry J. Kaiser Co., ID0-24336,
26 Feb. 1959.

Prototype PEGCPR Radiation Monitoring of Liquid Waéte, Henry J. Kaiser
Co., ID0O-24312, 26 Feb. 1959.

PWR Fuel Element Specifications, WAPD, TID-5302, (Rev)..1957.

Radiation Damage to Elastomers Plastics and Organic Liquids,

Reactor Physics Constants, Argonne National Laboratory, ANL-5800,
1 July 1958.

Relative Effectiveness at Reactor Control Materials, General Electric Co.,
Vallecitos Atomic Laboratory, GEAP-3201.

Release of Fission Gases from U02, Bettis Atomic Power Division, WAPD 173.

Review of Methods Used in Control Rod Analysis for Reactor Design at
Bettis Plant, WAPD-BT-4.

Shippingport MPWR Core 1 Fuel Component Fabrication Process and Equip-
ment Manual, WAPD-NCM-PL-51, 1957.

Thermal Properties of Certain Metals, WADC-TR-56-423, August 1958,

Transient Response of Gas Turbine Plant Héat Exchangers - Regernators,
Intercoolers Precoolers, and Ducting, - Stanford University, Dept. of
Mech. Engr., Tech. Report 38, 1958.

Turbine Compressor Set for ML-1, Clark Brothers Final Report Ko. UDR 94,
March 1960.

Turbine Coﬁpressor Set for ML-1, Stratos Division Final Report, SRCl104,
March 1960.

U-235 Fission Product Production as a Function of Thermal Neutron Flux,
Irradiation Time and Decay Time, ORNL-2127,.

WANDA a One Dimensional Few-Group Diffusion Equation Code for the IBM-704,
WAPD TM-28. : '

Zirconium and Zirconium Alloys, Atomics International Division, North
American Aviation, Inc., NAA-SR-3481, July 1959.




THIS PAGE
WAS INTENTEONALLY
LEFT BLANK



Report No. ID0-28558

APPENDIXES
: »Page :
- Appendix.A. AGCRSP MASTER.SCHEDULE 199

-Appendix B. ML-1 PLANT CHARACTERISTICS 203

- 197 -



THIS PAGE
WAS ENTENTEONALLY
LEFT BLANK -



APPENDIX A AGCRSP MASTER SCHEDULE f

o Iee [T
- o | o clolnlo|sl lolelslclnl slcin!
| | COMPLID | J [ F M | & [t SIO|NIL U IFIMIA Iyl lp|s iDL EMBER
T v - + t — T : ‘ -
GCRE -1 } | | T | ; { i ! : : | i 3
z Lo -2 H : ! | | } I | ' : ‘ : ' i 1 i
.t e e I L S B S A — S I : R SO O SR S
WET CRITICALITY i | ! ! i : : ! i ! : : . : ; : DT
' i ! i : : . ! : i i : | ; i j i
S S VN, SRR I a4 . . b Sl eed A . L s . .. . i R i Lo
TUBE BUNDLE REPLACEMFNT & CONTROL ROD MOD___ ! : ! } ! : i i i . i i ! : P
i i ! ! : ' i : ] ' ; ; , ! i ! ; !
' S [N G M [T - ! i H [ i H ! Lo i j i o
COMPLETION OF ZERO-POWER TESTING (SS Bundle)_____ B } X X ! i ‘ ! i i | ! : \ : ‘ : : ; H
i i i i : : ! i : : i : : : :
. . | doo. , ! i o IS U RIS SORN RN SSUSUR TN SR U ST SN . |
START FULL PONER OYERATION s : : ! X i ; ' i , : i . i : : ! ' i : e e b
: V i H . H ; : i : . ! H ) ! ; :
[ SOOI S . .. - [ DU - 9 i [ PO, - - L fe e k_ — bmmmem L [ SURSURE SR U S i,
START IB OPERATION ] * A i g ‘ ; ! : : E ; : r : : : : ¢ i
SR S NN S AN RS B ML : AR N b b b
ML~1 PROJECT ‘ ' : g i :
JRE A POV SRS SN [ I SR PR T R i . - L i .t L ' S TR _L. ;
REACTOR CRITICALITY_ . R | | E ! i ! ; X : .
_ IR S W SEUU RO AU S IR SR SRS SN SR S | S Y (NN N AU RS SRS SR S
START POWER PLANT OPERATION ! A i i ) ; I
:‘ VoL | . Lol
START FULL POWER OPERATION _ i ! : . T
] . ' H
g - ! e e e e e L
PROTOTYPE POWER CONVERSION SKID | i
e e
TURBINE COMPRESSOR SET —— i i 5
1 b
H |
ALTERNATOR I R T

RECUPERATOR ____

LUBE SYSTEM

PRE-COOLER

i
i
DEVELOPMENTAL POWER CONVERSION SKID ¢ i i : ! )
.!j =2 !!IA l ] ‘.
! i :
 NSTRUMENTATLON AND _CONTROLS Lo - B - !i
i :
REACTOR_SKID T S— e e e T e m—
i H
PREISSURE VESSEL b i b }
CONTROL DRIVES AND BLADES U (VNN M S S N R T < SN NU2N N Y R A R T R A R Bl Lo —
! ]
SHIELDING _"—li" SN TR WSS PO M
! i !
IACTOR TANK o N . R 3 ;
: !
FIRST CORE (Fu2l Elements) i i
i
' .
AUXILIARIES S m—— : I
: i
| H
PROCESSING EQUIPMENT R
NON-PROCESSING EQUIPMENT ! S n -
i i, ; B AU — 1 i . B SRS SO R B SO
FUEL ELEMENT PROJECT i ' | ; | : T
U S A SO S U -4 —— - e | e __.._-i.- RSN RS UG S
1R-9R : i
i !
1B-10R Rl Sl : —
i i !
S0 SO SRR IS S
18-2L !
1R-3I. e ‘ 3 e oen PR SR A L
3
=1= P - C e e . e e 1 Sod gy n f’\\.
. 1 ! \51

199~

+EY_(see legend facing poce); | \\/ DESIGNS, STUDIES, AND REPORTS; O PROCUREMENT OR FABRICATION OF "RARDWARE"; <> COMPONENT, ASSEMBLY TESTING; V@@ MILESTONES ACHIEVED .} MILESTONES NEW OR CHANGED
7 JUNE 1960



REPCRT NO, IDO~2R5G5G8 LEGEND

TYPE OF PROJECT

SYMBOL

DESIGNS PROCUREMENT OR FABRICATION|:
STUDIES & REPORYS OF “HARDWARE " OPERATING OR TESTING

CONCEPTUAL DESIGN
APPROVED OR SCOPE OF
STUDY OR REPORT APPVD,

PRELIMINARY DESIGN
APPROVED OR STUDY
INITIATED

CUMPLETION OF INTERIM
RZV1EW OF DESIGN OR
STUDY REVIEW

APPROVED LAYOUT
DRAWING RELEBASED OR
INITIATION OF DETAILED
DBSIGN OR REPORT
ROUGHB DRAFT

RILEASE OF ALL DRAWINGS
FNMPLETED OR STUDY '
COMPLETE OR REPORT
PUBLISHED

SPECIFICATIONS
APPROVED -

MILESTONE ACHIEVED

COMPONENT PROCUREMENT
INITIATED

COMPONENT PROCUREMENT
LOMPLETED

COMPONENT FABRICATION
INITIATED

COMPONENT FABRICATION
COMPLETED

ASSENMBLY FABRICATION
COMDLRTEN

MILESTONE ACHIEVED
COMPONENT ACCEPTANCE
TBSTING COMPLETE

ASSEMBRLY ACXEPTANCE
TESTING COMPLETE

OPERATION 08
TESTING TARGET
DATE

OPERATION OR
TES'FING TARGET
DATE ACCOMPLISHED

MILESTONE ACHIEVED

® oL PEOPMOAdY d < 94 9 <

-200—



REPORT NO. 1DO~28558

AGCRSP MASTER SCHEDULE ' SHEET 2

1960 _ 196! ‘ 1962
DIJ|FIM|AIM|JUTJI|A|S|[O|N|D{YV|FIM|AIM|JU|J|A|SIOIN|D}V|FIM|IAM|JU|J|A|[S|O|N

GCRE_II PROJECT

SYSTEMS ANALYSIS & FEASIBILITY STUDIES

MATERIAL EVALUATION STUDY PO _‘

CORE DEVELOPMENT .-

Mi=1A PROJECT
PLANNING (STUDY) —-—{
DRAWING PREPARATION : : s
SPECIFICATION (REPCRT) : 5
) Y .

HAZARDS REPORT

.

GTTE_PROJECT

OPEN CYCLE TESTING .
T ¥

CONVERSION TO CLOSED CYCLB .

500 HOUR TEST : <> i

~

TCS 560 EVALUATION AND TEST

KEY (see legend facing page): VDESIGNS, STUDIES, AND RBpom;OpRocunnmswf OF FABRICATION OF "}mm)wm";o COMPONENT, ASSEMBLY TESTING;mMILESTONES ACHIEVED "\;,’ [A] .'f:, MILESTONES NEW OR CHANGED ’ -201-
Ld - :
t

30 JURE 1960



THIS PAGE
WAS ENTENTEONALLY
LEFT BLANK



Report No. ID0-28558

APPENDIX B

ML-1 PLANT CHARACTERISTICS

(Note: Items marked * are revised since May
are added.)

report, Items marked Fk

1. General (See Task 51-870)

Design performance at 100°F
Gross electrical output
Net electrical output

Reactor thermal power

Cycle efficiency
Plant thermal efficiency
Coolant flow

Dose rate at control cab @

500-ft during full power
operation

Dose rate at 25 ft, 24 hr
after shutdown (direction
of transport vehicle driver
with P-C skid in place)

Overall plant dimensions

Overall plant weight and
dimengions

Reactor package

Power conversion package
Control - cab

Auxiliary equipment
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400 kw
330 kw

2.9 Mw to gas;*
3.3 Mw total*

13.3%
10%*
92,000 1b/hr*

5 mr/hr (with expedient
shielding as needed)

15 mr/hr

279x113x93 in high

Weight Dimensions (in.)
30,000 1b.,  111x110x93 high
(plus ion exchange
column on end)
30,000 1b. 168x113x93 high
5,000 1b. 145x%82x81- high
11,000 1lb, —-- ‘
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Operating supplies (startup
and 90 day operation):

Demineralized water

Nitrogen (with 0.5 vol%
Oxygen)

Oxygen
Anhydrous boric acid (B203)

Mixéd bed ion exchange resin

Lubricating oil
Filter elements

Plant startup time

Auxiliary power requirements
. Pre-startup
Normal startup
Normal shutdown
Emergency shutdown

Reactor drying

2900 gal

1800 scf
200 scf
1200 1b
900 1b max.
180 gal

6

12 hy

30 kw max

45 kw max

45 kw max, 3 kw ave
none

45 kw max

Reactor Thermal Characteristics (Task 21-1XX)

Power density
Maximum heat flux
Average heat flux
Heat transfer surface

Maximum- to-average heat flux
ratio

Maximum fuel center temperature
Maximum moderator temperature

Méximum surface temperature of
fuel cladding {(nominal, average)

Maximum surface temperature of
fuel eladding (including hot
spot factors), reference

Reactor Nuclear Characteristics

Average thermal neutron flux
(fuel)

Average fast neutron flux (fuel)

Maximum to average thermal flux
ratio (fuel)

Hydrogen to U-235 atom ratio
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-1.9x10

700 ku/£t>
137,5008tu/hr/ft2*
80,SOOBtu/hr/ft2*
126,5 ftz*

1.71%

2150°F
OF.

200 F

1460°F*

1750°F

12 neut/nmz-sec

1.7x1013 neut/cmz-sec

3.9
36



Core buckling
Fermi age

Square of thermal diffusion
length, L2

Thermal utilization, f
Infinite multiplication factor,. k
Neutron lifetime

clean core; no shims
poison

Keff, cold,
or burnable

Keff, cold,
no burnable

Keffs cold, clean core, with
shims and burnable poison

clean core, with shims,
poison

Core life, full power

Burnup (U;235), average

Promptotemperature coefficient,
Ak/k/C

Reactor Vessel

Materials
Tube sheets

Pressure tubes

Gas ducts, plenums and baffle
Qutside diameter

Overall height

Pressure tube length

Design pressure
Design temperature

Wall thicknesses

Reflector

Composition, top

bottom
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0.0053 cm“2

92 cm?

2.56 cm2

0.82
1.70

3.0 x 10 sec

1.102

1.043

1.021

3000 hr min; 10,000 hr
design

3.6% in 10,000 hr

(-0.311)310'6 @ 0%
(-1.7+1)x10"° @ 90°%

Stainless steel, type
304, 3 inches thick

Stainless steel, type 321

Stainless steels, types

304-1, 321 and 347

30.968 in. max. exclusive
of upper flanged connection) .

79.5 in.

24 in, between inside
surfaces of tube sheets

345 psia
400°F

Tubes .020 inj;
Plenum 1.25 in. min

2 in, Hp0; 3 in. stainless
steel; 3 in. W

3 in. stainless steel;
3 in. W
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radial 1.8 in Pb; 2 in. W;
180° segment o
- 4 in. Pb; 180" segment

Total heat generation 6 x 105 Btu/hr

Maximum power density 360 Btu/hr-in3

6. Biological Shielding

Composition 3-1/2 t6 4 in. lead
plus 30 in. of borated
water (10 wt% boric ac¢id)

7. Core (excluding reflector) (Task 21-1XX)

Diameter 22 in. équivalent
Height ' 22 in.

Number of fuel elements 61

Number of coolant passages 61

Number of coolant passes 1

Type and geometry of fuel
elements cluster of 19 pins (18 fueled)*

Cold, clean critical mass,
U-235, no shims, no burnable

poison 25 kg
U-235 loading 49 kg
Enxichment, inner 7 pins 93% U-235 .as vo,
outer 12 pins 31 vol% UO,, 93% U-235,

69 vol7 BeO

Lore composition

‘Materlals ' Voluwwe %
uo2 4.3
BeO 3.3
Stainless steel 3.6
Hastelloy-X 7.0
HZO * . 58.6
Insulation 7.0
Gas void 16.2
‘ Total 100.0
8. Fuel Element ) .
Dimensions 1.72 in. OD x 32 in.
Fuel material U0,
Number of pins per element 19
Pin outside diameter 0.241 in.
Pin cladding matérial Hastelloy-X
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Pin cladding wall thickness 0.030 in,
Pin spacer 0.040 in. OD Hastelloy wire
Heat transfer material He
Pellet diameter 0.174 in. and 0.177 in.
Type burnable poison Cadmium
Reactivity worth of burnable |
poison . 2,27 at startup
9. Control Elements
Type . Tapered blades
Location Moderator
Number:
Shim-scram blades 5 pairs (5 actuators)
Regulating hlades 1 pair (1 actuator)

Absorber material:

Shim-scram blades 5 wt% Cadmium-
15 wt% Indium-
80 wt% Silver

Regulating blades Stainless steel
Cladding material: None '
Dimensions 4.0 x 10.0 x 0.25 to 0.62 in.
each blade
Reactivity worth of control
elements: 3
Shim-scram blades 0.050 Ak/k
Regulating blades 0.005 A Kk/k

Total 0.055 Ak/k
Actuating Time:

Regulating blade actuator:

Drive: 13.3 se¢ for full stroke insertion or with-
drawal.
Scram: 1.0 sec for full insertion

Shim-scram actuator:

Drive: 4.0 minutes for full stroke insertion or with-
drawal.
Scram; 0.35 sec for full stroke insertion from

scram signal
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10. Moderator

Type ' _. Water
Reactor inlet temperature 180°F
Reactor outlet temperature 190°f
Pressure ' 32,5 psi max
Fiow rate | 300 gpm
Type of flow circulation ' Forced
Pﬁrity:
Total aolids 1 ygpm
Resigtivity : 105 to 106 ohm=-cm
Total heat removal rate 1.5 x 10° Btu/hr

11. Reactor working fluid flow

Working £luid | 99.5 vol % Np+0.5 vol % O,
Reactor inlet temperature 800°F nominal

Reactor mixed-mean outlet o

temperature 1200 F max

Average velocity in core 160 ft/sec

Maximum velocity 180 ft/sec

Inlet pressure 315 psia (max)

Core AP 15 psi

Reactor AP 22 psi

12, Power cycle (Task 40-500)

Type _ - Brayton cycle with
regeneration

Total volume of working fluid 3

system L 120 ft

Total system working flgido

inventory full load at 100°F 52 1b

Working fluid transit time ' 2.0 sec

Cycle characteristics _ ‘

Ambient temperature 100°F 0°p -65°5*

Net power, kw . , 330 330 330
Reactor inlet,  F. 791 597 597
Turbine inlet, F o 1200 990 990
Compressor inlet, . F. 132 24 24
Compressor inlet, psia 117 93 93
Compressor outlet,.psia 320 294 294
Reactor inlet, psia 313 288 288
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13.

14,

lurbine-compressor set.

Speed, rpm

Turbine stages

Turbine rotor material

Turbine blade material

Report No. 1D0-28558

Radial Flow Compressor Axial Flow Compressor

18,000

2

Incoloy 901
Inco 713

Turbine stator blade material Inconel

Expansion ratio

Compressor stages

Compressor material

Rotor shaft
Compressor ratio

Case material

Seals
at journals

interstage

shaft

Bearings
journal

thrust

Support

Alternator

Output

Rating

Voltage
Rotor shaft speed
Case

Diameter

Length

2.38
2
AL 355 T71

SAE 4340
2.72

304 Stain-
less steel

Buffered
labyrinth-
Plain
labyrinth

Buffered
labyrinth

Tilting pad

Kingsbury
type (in low-
press. area)

Overhung
turbine

60 Cycle
Operation

500 KvA
2400/4160 V
3600 rpm

38 inches
34 inches
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22,000

2"

Incoloy 901

N 155

N 155 or 19-9DL
2,29

11

403 Stainless
steel

SAE 4340
2.59

Low carbon
steel

. Buffered

labyrinth
Plain
labyrinth

Double "L"
ring seal oil
buffered

Plain babbitt

Kingsbury type
(in low-press.
area)

Turbine and
compressor
supported between
bearings

50 Cycle
Operation
417 KVA
2000/3467 Vv
3000 rpm
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Weight 3600 1b
Temperature, operating AN 250°F internal max
(hot spot)

15. Recuperator N
Length (including insulation) 81 in.

Outside diameter (ihcluding I
insulation) : 49 in.
Headers.: .
High pressure inlet 8 in,
. High pressure outlet | 8 in,
Low pressure inlet 20 in.
Low pressure outlet 14 in,
Effectiveness ! 80.75%
Pressure loss
High pressure A p/p 1.61%
Low.pressure Ap/p 1.06%
Type : Shell and tube
: oo regenerator
Tubes A 4 passes x 840 tubeq
Shell R B 1 pass ’
Surface External fins
Materials 300 series stainless steel

16. Pre-cooler and Moderator cooler

Dimensions:

Length, overall 168 1in.
Pre-cooler 128 in.
Moderator cooler - 27% in.
01l cooler . 12% 1in.

‘width 113 in,

Thickness, overall 32 in.
Core 15 in.
Fans and plunums . 17 in.

‘Materials
Tubes and fins Series 1100 aluminum
Headers Series 2219 aluminun

. Weight =~ ' 6500 1b . .*
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Y Pre-cooler:
' Header, inlet One, 14 in.

Header, outlet One, 10 in.
Effectiveness 93%
Total D p/p \ 1.55%
Air flow 289,000 1b/hr
Type Fin fan air-to-gas
exchanger
Tubes : 1131 tubes, single pass
~ Surface _ - Internal and external
fins
Moderator cooler: ‘

Headers, inlet and outlet 4 in.
Total Ap 6.0 psi
Water temperature:

In 190°F

out 180°F
Alrflov 78,600 1b/hr
Type Fin fan air-to-water exchanger
Tubes 84 tubes, three passes
Surface . External fins ‘

011 cooler:

Headers, inlet.and outlet: 1% in.
Total Ap 11.1 psi
Oil temperature

In 180°F

Out 150°
0il flow . 19,380 1b/hr
Air flow 29,400 1b/hr
Type : Fin fan air-to-oil exchanger
Tubes 42 tubes, 2 passes
Surface Internal and external fins

.. (30 JUNE 1960)
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