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LEGAL NOTICE

— - — — — —— — — — —

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 respect to the accuracy, completeness, or
usefulness of the information contained in this report, or
that the use of any information, 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 information pursuvant to his employment
or contract with the Commission, or his employment with such
contractor,

NOT=E: This is the thirty-seventh in a series of Research and Development

- Progress Reports. The preceding reports in this series are Nos. IDO-:

28501, 28502, 28504, 28515, 28516, 28517, 28518, 28519, 28520, 28521,
28523, 28524, 28525, 28526, 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 GAS-COOLED REACTOR SYSTEMS PROGRAM

SEMIANNUAL PROGRESS REPORT

1 January through 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 mobile, 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 and prototype components.

PREFACE

The Army Gas-Cooled Reactor f{ystems 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 desipgn; .deveiopmeéent, construction and
operation 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 characteristics 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-
pressor sets for the ML-1) and DA-44-009-ENG-3252 (operation of the Gas
Turbine Test Facility - GTITF). Reports on these contracts are included
as background information.

Organization of this report follows this order: GCRE-I, GCRE-II,
ML-1, FED, and GTTF. 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.
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I. THE GAS-COOLED REACTOR EXPERIMENT I

A. SiUMMARY

Expedient modifications to the tube bundle and control 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 planned 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. IDAHO CPERATIONS

Narrative Summary: January through May:

Thorough evaluation of the design deficiencies of the GCRE-1I
brought to light during pre-operation 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 aand
the tube sheet, and re-welding with a filler 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 limited
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 of 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 experieaced 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
consisted 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 attainea with a load-
ing of 36 IZ-type fuel elements (11.25kg U-233). The wet critical
experiment was followed by the drying test and the dry critical experi-
ment. The reactor attained criticezlity in the dry condition with a
core loading of 56 IZ elements (abcut 17.5 kg U-235). Follecwing 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 stain.ess steel tube bundle, re-work of the
fast control rods, and further stabilization of instrumentation. By the
end of May, the stainless steel tube bundle was about 30% installed, the
modified control rods were being installed, and modifications to the
instrumentation system were complete.

Accomplishments - June:

Modifications were completed, and the modified components 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 switches were used to replace 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 55 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 IZ-type elements to provide the excess
reactivity required for operations.

The IB-90 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 non-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, IDO-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 installecd 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 -0.6%. The critical experiment conducted with this
configuration determined that 66 fuel elements (20.6 kg U-235) 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 fast constants did not
calculate a neutron age consistent with reported experiments., In
addition, questionable methods were used to determine neutron tempera-
ture., The MUFT 1V 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 experimental value of k was 1.01 and the previoquy

eff
calculated value was 1.065.

Fuel element handling tools 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
off unused fuel element positions in the core were re-designed, primarily
by the addition of insulating material. The dummy plugs at the GCRE-I
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 I2
cell code failed to give results compatible with the experimental

f<))
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distribution. Improved results were obtained by introducing pin self-
shielding factors, but the mathematical meéthods 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 KEACTOR EXPERIMENT II

A. SUMMARY

Work in the GCRE-II area during the report period was limited to
materials development 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.

B. SYSTEMS ANALYSIS (Task 47-300)

Narrative Summary - January through May:

1. ML-1 Improvements:

a. ML-1 Cycle Study and Weight 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 ¢37%, respectively, and maximum system
pressure of 375 psia. These heat exchanger effectivenesses are com-
parable to those in the ML-1; however, an increase in maximum system
pressure to the optimized value coculd decrease the weight of the ML-1
power conversion system about 140C lb 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-
duction 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.

o
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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.

Tge ML-1 reactor now is limited to an outlet coolant temperature
of 1200°F to malntain 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 percentage point change in cycle efficiency and a
reduction in weight of the power coaversion skid of 600 to 800 1b.

b. ML-1 with Inert Gases: The feasibility of operating the existing
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 in the turbomachinery:

jrmw
o k

where MW is molecular weight, and
k is specific 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 Specific Heat
Gas(vol%) _Weight Ratio
N2 (100%) 28.01 1.36
71.1 A + 28.9 Ne 34.3 1.66
84.7 A + 15.3 He 34.4 1.664

The inert gas mixtures listed above require large volume fractioms 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 mrac/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 systemin 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 1520°F 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 greater 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 slightly higher system efficiency
than with the ML-1 with the same power 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 heads, 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-in ID tubes); a
primary system pressure of 500 psia; a primary and secondary side A p/p
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 EXCEANGER CALCULATIONS
Turbine Inlet Temperature, °F

_ o _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
Exchanger, 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 z 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 from one
vendor shows a reduction of 357 in weight and 60% 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 temperature of 100°F.

The entire system is readily transportable since there are only
seven packages, none of which weighs more than 15 toms. The total 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 2l-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

Overall Plant Performance

Reactor thermal output 16.3 mw
Net electrical output o 3000 kw
Net plant efficiency @ 100°F 18.4%

amb!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 0.875-1in.
Fuel volume fraction in element 23%

Core Flow and Heat Transfer

Al
.

Number of coolant holes (total) 2277
Diameter 0.25-in,
Coolant Nitrogen
Mass flow rate 475,000 1b/hr
Heat transfer area 410 ft2
Average heat transfer coefficient 348 Btu/hr-ftz-oF
Average film temperature drop 390°F 5 2
Average heat flux 1.36 x 10° Btu/hr-ft
Maximum nominal coolant channel 1595°F
'surface temperature
Maximum hot spot coolant channel 1800°F
surface temperature
Reactor pressure drop (orificed) 25 gsi
Coolant inlet temperature 870°F
Coolant exit temperature 1300°F

Power Cycle

Pressure ratio 2.65
Recuperator heat transfer effectiveness 80%
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 hea: 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 requirement for appli-
cation in continental United 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 tons, including 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 system indi-
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 meét 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, contribute to high' performance 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 fuel element with a BeO
reflector, and is shielded with water and expedient mateftials. 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

- 14 -
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an intermediate fluid to three air-cooled heat exchangers. An evaporative
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: Graphite Moderated, Be0 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 65,800 1b/hr

Inlet/outlet/max nominal wall temp 580" F/1150°F/1650°F

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 10.37%

Metal fraction 2.9%

Fueled graphite fraction 42.0%

Unfueled graphite fraction 44.87%

Power Plant - Superheated Steam

Turbine inlet conditions 950°F, 800 psia

Steam flow rate
Condenser pressure
Heat rejected

General

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 fracdtion

was increased from 15 to 30%.

Further calculations were performed to evaluate trends in critical
mass as a function of the length-to-diameter (L/D) ratio of the reactors
evaluated. The L/D ratio yielding 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 reporesentative resonance absorber
material for evaluating the reactivity control affordéd 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 ll-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 of the beryllium reflector 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. 1In
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 Zlow requirements of the two 3000 kw
systems. Two concepts appeared to warrant study. These were the semi-
homogeneous 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;
thus it is superior to the semi-homogeneous 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 operating conditions, and must
remain ductile over the operating temperature range. Zirconium and its
alloys are the only metals that meet these requirements. However,
zirconium and its 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-homogeneous
element 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 canned, fueled graphite hexagon with
ccolant gaps around the periphery; the semi-homogeneous element consists
of a homogeneocus 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, Monel, "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

Homogeneous element

Fueled graphite fraction

Reactor thermal power 16,300 kw

Active core volume 14.45 ft3

Semi-homogeneous element

' Fueled graphite fraction 29.9 vol%

Moderator fraction 59.1 vol%
Metal fraction 3 vol7
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

78.9 vol%

Metal fraction 6.1 vol7%
Void fraction 15 vol%
Fuel radius 0.734-1n.
Can thickness 0.025-in.
Length 33-in.
Number of elements 356

The temperatufes, power, and energy releases for a 2% step change
in reactivity in the semi-homogeneous and canned element, respectiwvely
are shown below:

SEMI-HOMOGENEQOUS ELEMENT CHARACTERISTICS

Excursion

Time Nominal Average Temperatures Power Energy
Millisec FuellF Can®F  Shell°F Mw Mw-Sec

Steady State 0 2010-2090 1820-1840 1660 ‘15,3 -
Zircaloy 2 Melts 79 5130 3300 1790 132,000 10,400
Hastelloy: Xi'Mélts 70 3175 2350 1716 50,000 3,520
Monel Melts 71 3285 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

Nominal Average Excursion
Time Temperatures Power Energy
Millisec Fuel®F Qgggg Mw Mw-Sec
Steady State 0 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:

1) Thg gCRE—II prompt temperature coefficient is on the order
-4 x 10°°/7F. .
2) The reactivity, / k/k, tied up in the can material of the

semi-homogeneous element is 0.15 % for Zircaloy-2, 5.4 % for
Hastelloy-X, 5.3 7% 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 increase 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 Monel, $1.22 with
A" Nickel, and $1.26 with Platinum. $1.54 can be added with
Zircaloy 2 in the homogeneous element. These calculations assume
a 400 msec scram delay time.

5) The worths of reactivity which may be added in the case of
the semi-homogeneous element to obtain a given temperature in the
can material in a fixed time interval, increases with increasing
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 coolant, 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.
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9) The chemical reactions of core materials with water and air
in case of an excursion should be investigated because a considerable
amount (1010 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.somewhat 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 kv for..a.fixed:plant, weiight. :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 86%, the
turbine efficiency is increased from 86 to 897%, 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
0f 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 calculations
can be used 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 design:and feasibility of the closed cycle
helium gas turbine system. Cycle aiad weight optimization calculations
will be completed, and this advanced system will be compared with the
reference ML-1 system,

Accumulation of performance and design 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: Studies were conducted on the solid com-
patibility of graphite with zirconium, Zircaloy 2, and nickgl-based alloys;
and on the compatibility of Hastelloy X with graphite coated with molybde-
dum, niobium carbide, and zirconium carbide.

Graphite coated with niobium carbide and with molybdenum was placed
in contact with samples of Hastelloy X. The Hastelloy X samples were
examined after 1000 hr exposure at 1750°F and 300 psi contact pressure.
One sample of Hastelloy X was discarded after discovering that the cor-
rosive atmosphere (99.5 vol% N, + 0.5 vol%k 02) had come in contact with
the niobium carbide coating and the graphite encapsulated with the
Hastelloy X. Metallographic and cacbon 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. Additional test samples (molyodenum- , niobium carbide-
and zirconium carbide-coated graphi:e samples in contact with Hastelloy X
will be exposed for 3000 hr at 1750°F. These samples have passed 2500 hr
exposure.

Test samples of zirconium and Zircaloyoz in contact with graphite
were examined after 1000 hr exposure at 1750 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, (Figure 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 graphite 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 w1th 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.

o 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., Graphite Coatings: The previous semiannual report stated that Aerojet
silicon-silicon carbide coatings had about 80% probability of no leaks.
Since then, development has made it possible to achieve leak tight coat-
ings 100% of the time as determined 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 Figurs 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 coating 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 control in the current furnace is inadequate, pro-
ducing inadequate silicon coating on the corners.,

2) Failure is caused by large stress concentrations in the coating
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 temsile 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, 1004DIA, 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.
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The Hawker-Siddeley 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.

7. Zircaloy 2: Specimens 3-in. long by 1-in.-0D 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
o>f 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 ccntact 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 coated 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 907 loss in elongation and ductility.

Tests of the compatibility of graphite with "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 showed about
20% loss in strength without noticeable change in elongation and
ductility.

2, raphite 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,
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ISR A7 g AT T A, TN 1P Ve

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 TO 0,006 1in,

FIGURE 8, NIOBUIM CARBIDE-COATED GRAPHITE AT
500x, THICKNESS OF COATING XIS 0,.,0002 in,
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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 8f Zircaloy : tubing after thermal
cycles from 850 to 1850°F for 100 cycles showed about 257% increase in
strength with 997 loss in elongation and ductility.

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

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

Four "Hevi-Dutx" 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 Be0O-UO, fuel pellets
(ML-1) in hydrogen, in helium and in vacuum during process develcpment
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, zirconiug and Zircaloy 2 in contact with graphite exposed for
1500 hr av 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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Outgassing 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)

The thermal cycling loop described in the previous semiannual

report (IDO-28549) was assembled and checked out. No further work was
under taken.
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III. THE ML-1

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 aluminum,
and incorporating a polystyrene 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. Fabrication is progressing satisfactorily.

An alloy (80% silver/15% indium/5% cadmium) was selected for the
ML-1 control blades on the basis cf ductility tests, corrosion tests
and neutronic calculatioms.

A critical experiment was performed at BMI on the ML-1 configura-
tion with pin-type fuel elements. The criticality predictions were corm-
firmed, but the fuel flux depression in the inner seven pins was found
to be less than calculated. Consequently the fuel loadings were modi-
fied to equalize surface temperatures.

The designs were completed con the Stratos and Clark turbine-com-
pressor sets, and appear to be satisfactory. Contracts were negotiatec.
for fabricating the T-C sets.

The design of the alternator 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
negotiated for fabricating the recuperator.

The design of the pre-cooler was changed to incorporate the modern-
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 finning operation constricts the tube.

Budget limitations made it necessary to discontinue planning for
life tests of the heat exchanger.

2, Problem 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 1lb. Weight estimates are
being confirmed by the actual weights of components.

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

3. Schedules:The achievement of the final scheduled milestones still ap-
pears attainable, although some intermediate milestons have slipped. Th=
pacing items are the reactor tube bundle, fabrication of tungsten for con-
trol blade shields, the turbine-compressor 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
centering ring added to 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 "0" rings best meet the
requirements of the ML-1 control 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 efficiency.

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 0,00l-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
"0" ring seals seem to be the most suitable for use in the ML-1 control
blade system.

Tests were continued with a dashpot using chrcmium-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 sliding it into place, properly indexed to mate with the tang
on the end of the drive shaft.

Electrical control equipment for automatically cycling the actuafors
was received.

A time study showed that & skilled mechanic can replace an actu-
ator in the field in about three minutes.

Specifications 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 be surface treated to eliminate galling, and
tested. Automatic cyclic endurance tests will be performed on the proto-
type shim-scram and regulating actuators.

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

The 8-in.-dia bellows will be received.
The jig for holding and handling the bellows will be built.

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

Fabrication of actuators will reach 80% completion.

2, Reactor Shielding (Task 58-200)

a. Mechanical

Summary - January through May:

The material for the outer shell of the inner radial shield was
established during January as aluminum instead of stainless steel. In
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 authcrized to begin fabricating the ML-1
shield baffle. A baffle weld test program was sufcessfully completed
at Aerojet, Downey. Stainless steel forgings were received for use in
fabricating the baffle can.

Detailing of the ML-1 shield components was completed during April
and May. Aerojet, Downey, was authorized in April to fabricate the ML-1
radial and end shield assemblies.

A purchase order covering 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 initiated 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 and is about two weeks
ahead of schedule.

The reflector and blade mount shields are being fabricated. All
parts were ordered from one vendor.

The tungsten inserts 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 radial and end shield drawings were released to Aerojet, Downey.

Anticipated Accomplishments - July:

Fabrication will continue on the radial and end shields.
Fabrication will 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 sént to the vendor.

The thermal stress test will 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 shield against horizontal penetration in the direction
of the cab, 3.75-in. of lead will be used. The radial shield design was
changed as a result of data from the Lid Tank Experiments to replace with
aluminum the outer stainless steel canning of the inmer lead shield.

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

Data from these experiments also were used to refime 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 pack 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 directiomns.) 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+ft horizontally from
the core centerline. These calculations were based on extrapolation of
data obtained in traverses of the end duct mock-up during the Lid Tank
Experiments. The resultant level at 500-ft is above the 5 mr/hr estab-
lished 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 BeQ 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 BeO, 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 l6-energy
group neutron flux distribution through the ML-1 shield.

2) GRACE-I Code: A multi-group, milti-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) TFADE-I Code: Written and checked at Aerojet, San Ramon, this
code is designed to calculate activities and fluxes from raw datz
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 involving handling fuel elements, removing con-
trol rod shafts, and soc-on. -
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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 completed
in September.

2) Radiation Damage Tests: Irradiations of polystyrene 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
isotopes.

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 Resistance Measurement: Measurements to assess the thermai
resistance of bonded lead-tungsten and lead-stainless steel will be in
process.

3. Reactor Auxiliaries (Task 58-300)

Surmary - January through May:

a, Shield Tank: Conceptual design of the shield tank was completed,
and assembly drawings were approved for comnstruction. The drawings
were released to Aerojét, Downey, for fabricatiomn. Fabrication of
the shield tank was 25% complete by the end ox the period.

The power conversion skid to reactor skid interface connections
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 50% 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 requirements for process and analysis instrumentation were
defined and approved.

A partialmodel 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 10% boric acid solution in the shield tank during
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 757 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 drawings will be
75% complete.

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 scurces and types of blanket heaters will be investigated.
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Drawings of the interface for the moderator system between the
reactor and the power conversion skids will 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 helium mass spectrometer lealk
checks and strain gage tests on the assembled pressure vessel.

A contract was awarded for fabricating the test unit for the upper
flange joint test, and the test unit fabricated. The first test of 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 cold-rolled.

The tube expander, tube trimming fixture, automatic welding fix-
ture, tubes and tube sheet forgings for the tube-to-tube 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 ¢f 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 water seals
with delivery scheduled for late July. Drawings were completed for the
boron carbide-coated gas duct, for the gas duct insulation, 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 completed 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 reactor tank, is being
drawn. However, the external end supports for the gas duct (for use in
transportation and fuel element change) have yet to 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 comnections 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
and the specifications for strain gages, leade, connections 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 disconnect clamp for testing the connections
for the upper gas duct will be ordered. The specification control draw-
ings of the upper flange joint seal ring will be completed and releasec.
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. Tte
external gas duct supports will be designed. Connections will be ordered.
Possible methods of eliminating exhaust gas duct connections inside the
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reactor tank will be explored.

The final reactor package 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 support 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, anc
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) pin so the element could
be replaced to minimize contamination. (Studies showed that a single de-
fective fuel pin in the ML-1 might leak enough fission products to con-
taminate the power conversion equipment over a period of time.)

The device is a plate holding 61 disks of silver screen or acti-
vated charcoal.It 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 cycle 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 Jume, operating the defective pin test loop
in the AGN-201 reactor. Experiments showed that Hastelloy X-clad pellets
(0.241-in. OD) absorbed sufficient neutroms so that the fimal worth of
the in-pile loop loaded with 10 pellets of demse highly enriched UO;
(10.58 grams U-235) was negative about 0.1% Dk/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 channels in parallel, one containing the leaky
fuel pin, the other a blank. This run showed that the silver screen,
1l ocated only 3-in. downstream from the leaky fuel pin (at 45% of the
neutron flux at the pin} became so activated by neutron absorption (form-
ing Ag-110, T4 = 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 carbon (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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thePolyvial 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 18% 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) comparable 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 amgutron absorption, thus making carbon the(dandidate 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-1 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 retaimed the
activity without loss. 1In the second rum, the air flow in each chanmnel
was 0.148 scfm,’giving:velocdities of :11,7.ft/secupast. thé.leaky 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 75°F.

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-1-IA
critical assemblies in the past were reviewed early in the report pericd.
Experimental data required by various ML-1 design groups were examined
to establish desired experimental accuracies and the sequende 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 U0y 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 Epon seals at both ends.
Except for Type III (sintered), the pellets were used green, unsintered.

NOMENCLATURE AND COMPOSITION OF FUEL PELLETS

MATERIAL TYPE 1 TYPE II TYPE II TYPE III TYPE IV
PELLET PELLET POWDER PELLET PELLET
U-235 (gm/pin) 58.9 20.2 19.6 75.0 26.6
A1203 (wt?%) - 32.5 37.5 - 16.3
PV A* (wt%) 1 1.75 -~ -- 1.9
Steratex (wt?%) 1 0.5 - - 1.9
Graphite (wt%) - 2.5 - - 4.0
Teflon (wt%) 0.6 0.7 .- - 0.9

*P V A - polyvinyl alcohol

The following materials and test equipment 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 pins. Powdered fuel was used in the 12 outer 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 a8 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 under 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 "18-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-screm
control blades. Detailed control blade studies, however, will be made
using the reference ML-1 shim-scram blades. These blades are made from
a silver/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/P2 0.915 0.501 *..{ '1.066 | 0.532 | 1.401

P3/P1 1.067 0.545 * 1.289 0.555 1.882

P2/P1 1.166 1.088 * 1.209 1.042 1.344
II Mod #2

P3/P2 0.732 0.414 1.025 0.274 0.412 1.016

P3/Pl 0.867 0.441 1.358 0.958 0.448 1.388

P2/1>1 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

* .
An error was discovered in the experimental data which causes unduly

low thermal power ratios at this point.

being considered.

A rerun of this experiment is

Nomenclature:

1. P3 = outer ring power per pin

2 P2 = middle ring power per pin

3. P1 = central pi:mgower per pin came

4. Mod #1: 75 BEES vin; 26°6 Guter pin
Mod #2: 75 " ; 20.2 "

Mod #1': 18 pin model of Mod #1
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-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 core loading 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 ambient air temperature
range: below O F, from 0 to 100°F and above, 100 °F (Figure 92),

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 0°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 the number and
speed 0f 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 was determined that the Clark Brothers t-c set set will

\O
1
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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.

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 GTTF were examined in detail to ensure
that the ML-1 will receive 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 GTTF. 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 pip-
ing and through the shells of the heat exchangers and rotating machinery.
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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 results were recelved from 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.

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 51-880)

Summary - January through May:

For the final Hazards Summary Report, the radiological hazards were
calculated for a postulated major excursion of the ML-1 reactor. 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 of 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 807 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-1 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 hazards report achieved 907 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 received. The fuel elements were X-rayed
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immediately, but no significant number of pellets showed evidence of
damage. The copper/cadmium burnable 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% worthof 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 fuél 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
first and second modified clusters of fuel elements. These fuel elements,
and some of the experimental results, are described under Task 51-860,
Critical Assembly Support. Flux and power detectors were placed in and
around the central fuel element of a cluster of seven 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 critital assembly core, the central and a peripheral position.

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

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

The reactivity worth of foils of Haynes 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 - July:

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 positionm.

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 II 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, UOp powder, and alloy stock for pin tubing. Bids were
prepared in May for inert components except poison foll 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 UO, pellets from a vendor was acceptable: the rejection rate
was about 1%. (This delivery was delayed by re-processing to eliminate
excessive fluorine before pelletizing.)

Developmental fabrication of BeO-UOy 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 BeO-UO2
pellets for the IB-2L core.

Anticipated Accomplishments - July:

About 75% 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 May:

(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 decision was made in February to locate a lubrication oil pump on
the gearbox portion of the t-c set housing. In addition, the responsibilty
for re-designing the compressor outlet piping was assigned to the t-c set
vendors to permit 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 set: final 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 operation.

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 reviewed and
suggested modifications were forwarded to Clark.

»

Accomplishments - 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 Aeroget 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 compress«
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:srequired for fabrication were released.
All of the detail drawings for long-lead-time items have been released.
The t-c set installation drawing is about 507 complete.

The gearbox housing was redesigned to include the mounting struc-
ture for the auxiliary drive. Design details were completed for an assembly
fixture to align the auxiliary 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 T-C Set: All detail drawings required for fabrication will
be released.

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
discharge 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 design report for the gearbox will be
received.

2. Alternator (Task 56-18X)

Summary - January through May:

The final alternator specification 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-1 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 50% rated speed. The minimum expected
starting torque curve had a peak torque value of 18 lb.-ft. at 457 rated
speed : and a peak horsepowser walue of 30 hp ‘at:©.50% 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 approximately
38-in.

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. 1Im
addition, the modification would reduceby 2.3 kw the heat rejection into
the lubrication oil. 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). O 1.73  4.28°  7.69 12,10 17.88
Fixed Losses (kw) 12.63 12.63 12.63 12.63 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 with 60-cycle power to minimize the
size of the starting motor.

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

The preliminary design of the static-excitei

L g& regulator
was initiated. The design of the current transiormers was

completed,

The stress and thermal analyses of the alteune. 0r 3% suacting
motor were initiated.

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

Accomplishments - June:

The electrical design of the starting motor was
radial air-gap design was selected as the best nontig
ML~1 starting motor requirements. The starting motor
and 7-in, long overall. The motor extends 3-in 3
Detail drawings of the starting motor are 507% compisie

congpoeted, A

n for the
e in,~diameter
! rhe slternator.

The electrical design of the voltage reguiaiwi
for temperature compensation. The voltage regulator deia
50% complete.

upleted except
Jrawings are

The fabrication of the alternator stator &aa worur asienblies was
initiated.

LEannaa0r was com=
results show
While this is
hermal limits
o the availe-

The thermal analysis of the starting motor #nd .
pleted, based on estimated air flow over the casig
that the internal hot spot temperature will be 27
higher than the 250°F design point, it is well wi.
of the machine. An analysis is being made to establiszh
able flow of cooling air is adequate for this deazixi.

tang ring
ate with

The alternator bearing seals were changed fiw &
type to a standard labyrinth to ensure a seal life [vaweisur
the requirements of the ML-1.

Anticipated Accomplishments - July:

The detail drawings of the starting motor dnt .. l<xe regulator
will be completed.

The alternator housing drawing will be compic

Fabrication of the starting motor and voltage wegulzator will be
initiated. Fabrication of the alternator parts will ~outinue,

The analysis of the alternator cooling air
be completed. The design of the alternator shrou
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 satisfactorily for 10,000 hr
without maintenance. Commercial seals studied included a 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 not
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
zas 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
oil from the working gas. The nitrogen then flows two ways at high pres-
sure: either into the working gas or into the oil system. The flow into
the oil system under the consequent pressure differential is sufficient
to prevent oil 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 Figure 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 purify the
aitrogen 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 cooled by an air-cooled oil
cooler (integrated within the pre-cooler) to reduce the temperature
from 180°F 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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TASLE &

Calculated Heat Rejection

to the ML-1

Lubrication System

Heat Rejection, HP

Source 5/6 Speed Full Speed
Clark Stratos Clark Stratos
Turbine-Compressor
Journal Bearing 10.0 5.6
. 31.4 28.5
Thrust Bearing 26.0 28.4
0il 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
Al ternator
Journal Bearings 2.0 2.0 2.7 2.7
Field Coil 8.9 8.9 8.9 8.9
0il Pump lLoss 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,

REPORT NO, ID0O—-28558
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THE ML-1 LUBRICATION SYSTEM WITH THE STRATOS T-C SET, REPORT NO. IDO—-28558
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SYMBOL START RUN STOP SYMBOL START RUN STOP || SYMBOL | GPM || SYMBOL| °F 19 | DIFFERENTIAL PRESSURE REGULATOR 47 | DIFFERENTIAL PRESSURE REGULATOR
co
2 20 PRESSURE REGULATOR (NITROGEN) 48 | DIFFERENTIAL PRESSURE REGULATOR
Wy 0.168 Py 77 122 200 Q1 45 T, 180 = N2
Nz oI 21 PRESSURE REGULATOR (OIL) 49 MANUAL SHUT-OFF VALVE
W 0,0431 0,0850 | 0,0558 Py 99 222 as 133 To 150 o
DRI
W3 0,0389 0.0365 | 0,0501 P3 92 264 215 Q3 20 T3 325 22 50 MANUAL SHUT—-OFF VALVE
Wq 0,0342 0,0471 | 0,0445 Py 92 147 215 Q4 10
Ws Ps 85 244 208 Qs 2 23 | DIFFERENTIAL PRESSURE RELIEF VALVE 51 MANUAL SHUT-OFF VALVE
7 205 10
Wg 0,0339 0,0770 | 0,0419 Pg 82 12 Qg 24 52 MANUAL SHUT-OFF VALVE
Wy 0,0156 | - 0,0225 | 0,0197 Py 82 127 205 Q7 23
Wg 0,0495 0,0995 | 0,0616 Pg 77 239 200 Qg 13 25 RELIEF VALVE - SAFETY 53 MANUAL SHUT-OFF VALVE
Wo 0,1162 0,1504 Pg 77 264 200 Q9 123
26 SUMP RELIEF VALVE 54 | MANUAL SHUT-OFF VALVE
Wig (BTO4SC¢FMW P10 20 20 20 Q0 17
P13 20 20 20 Q3 2 27 THERMOSTATIC BY~-PASS VALVE 55 MANUAL SHUT-OFF VALVE
Pio 145 304 268 Q10 1
Py3 50 50 50 Q3 113
P 112 157 235 Qg 21
1 Figure 11
Pis 115 274 238 Q5 12}
Pig 77 122 200 Qs
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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 compressor
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. The total differentidl pressure
across the seals is regulated at 4 psi. As the two-stage seai 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 is not available. This provides the barrier nitrogen 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
automatically shut off.

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 cil 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 o0il 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 - Gal/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 1.5
Gear Box 8 17
Alternator 2.6 2,6
Total Flow 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 caVity. 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 which was found to be approximately +0.076 for lubricating

0il at 180°F. The Bunsen Coefficient (o« ) 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 psdia. 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:
NTP = Normal Temperature Pressure (OOC, 14.7 psia)
oA.= 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 1lb/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. 11, a product of the Standard 0Oil 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 1009Fg

Viscosity, SSU 47.5 (at 210°F)

Viscosity Index 93

Pour Point, 0F -5

Flash Point, CCC, °F . 435

Carbon Residue, % 0.01

Vapor Pressure, psia 0.05 (at 4350F)

The oil 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 0ile and Fuels'", J. Petroleum Inst. v. 39, No. 351 (1953)
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higher than the maximum operating temperature, eliminating fire hazard
if there is an oil leak.

Most of the components for the lubrication system were selected
and procurement initiated. Procurement specifications were completed
for non-standard components except for the nitrogen filter, 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 simulating ML-1 operatiag
conditions.

Two proposals submitted by vendors appear to meet the requirements
for a sump-equalizing compressor. (Not all of the vendors 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.

Accomplishments - 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 sgystem.

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.

OUne compressor, for 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-ccupressor 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. The 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, oil 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 layouﬁ§ were initiated to incorporate the revisions 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 stateée conditions. Materials for' tubé brazing and
finning were.ordered.

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 recuperator 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 recuperator 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-point 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
recuperator specification 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 clavify certain 'provisions of the
recuperator specification (AGC 60021).

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

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 a 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 connect 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
0oil 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 drawings 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
oil cocler. 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 points 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 weldad
to minimize external leakage, and the welds leak-checked with a mass
spectrometer.

The vendor agreed to modify the design of the pre-cooler structure
to include the tension tie-rods and transverse tubular lower chord mem-
bers that previously were part of the skid structure. The result of
this 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 tests show 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 the measured 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 tae
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lubrication oil cooler is about 10% oversize.

Specimens of the weld connecting the 1100-0 aluminum tubes to the
2219 aluminum tube sheets were completed. Inspection showed excessive
porosity in the welds. Representatives of the vendor of the material
are assisting Griscom-Russell in solving this problemn.

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 must 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 757 complete for the pre-cooler,
lubrication oil cooler, and moderator water cooler.

A 1/8 scale model of the pre-cooler was designed and fabrication
initiated. The model 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 con-
trol centers for the motor 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.)



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 (L000 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 furnaces 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 barg will be exposed to three differ-
ent gas atmospheres at 300 psi and 1300 F: 100% nitrogen} 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 determine if larger
motors are required for the cooling fans.

Unsatisfactory heat balance between heated air and condemnsed 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 section 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 A 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 Ap/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.)

~J
~J
1
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Sumary - January through May:

The modification of "Study for GTIF-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-1lA. 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-1 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
demonstration tests. The results of this study were published early in
June as Report No. AN 186.

Plans for testing the two ML-1 power conversion skids at Aerojet,
Azusa, were studied. An existing test facility within the plant was
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 Skid 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 0
~-=-ghip to NRTS
Performance evaluation (250 hr) 0 X
Malfunction/Safety tests (100 hr) 0 X

Accomplishments - June:

A detailed specification was completed for the nitrogen heater
required for tests at Aerojet, Azusa, and GTTF-1A. 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 conversion skid tests at Azusa
and is being reviewed locally.

Anticipated Accomplishments - July:

Fabrication of the nitrogen heater will be authorized.

Planning will continue on the program for testing the power conver-
sion skid at Aerojet, Azusa.

9. Component Development Tests (Task 59-4XX)

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 the facility required for development and
life tests of the alternator. It was concluded that the existing Aerojet,
Azusa, test facility 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 needed 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 completed.

Design was continued on the test support structure and the modifi-
cations to the drive for the alternator/start motor test stand.

Evaluation tests were 1initiated 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.

Evaluation tests will be continued on the lubrication system oil/gas
separators.

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

1
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10. Static and Dynamic Analyses (Tasks 56-13X and 56-16X)

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

D. INSTRUMENTATION AND CONTROLS

1. Electrical Equipment Design (Task 57-1XX)

Summary - January through May:

The over-all electrical single line diagram, motor control center
elementary diagram, and generator gontrol 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
from 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 electrical 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 drawing.
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Accomplishments - June:

A sunmary 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 407 complete.

Tests were performed on the complete inverter breadboard using a
series of automotive  batteries commnected 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 Accomplishments - July:

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

Purchase orders willl 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)

Surmary - January through Mav:

Orders were placed for the major components of the nuclear instru-
ment subsystem, for the annunciators, 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 level 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 initial critical experiments.
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A block diagram was prepared for the proposed blade control system.
The functions were described, and ehe 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 established for the very low level pulse counting

channels required for the critical experiments.

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 easily-connectable 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 57-3XX)

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 pieces 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 ameunded
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 (air 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-1I) drawings were received from the vendor and will be reviewed after
the detector drawing is received.

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

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

The shielding required for the pre-cooler 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 activity 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.

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

be reviewed and approved.

4. Analysis Instrumentation (Task 51-740)

Summary - January through May:

The final design of the analysis instrumentation 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 specilfication was approved.

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

Requirements 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 precision 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
junction box to the transducers mounted on the reactor and power conver-
sion skids.
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Information on mounting temperature and,pressure sensors will be
collected.

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

5. -Dynamic Analysis (Task 51-750)

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-
ing 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'. (Fo: equilibrium 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 systaem'" 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 control
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 cutput 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 and closed loop gain versus response phase
angle.

* In 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-loop. Superimposed on this coordinate system
is a set of curvilinear coordinates showing the closed-loop gain and
phase shift. The stability 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 1 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 10™% indicates sufficient loop sensitivity. The curve
Ke = 0.6 x 10~% 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 manually set on the controller, making use of a
position feedback loop to control speed. A Nicol's plot for the speed
control loop is shown in Figure 16: Figure 17 shows a plot of the sys-
tem response for a 100% step change in plant output power.

Dynamic analysis revealed that by-pass valve time constants up tc
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-1b-sec?)
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 problems were
solved on the amalog computer:

1) By-pass valve optimization problems were rum with 0.1-, . 0.2-,
and 0.3-second time constants. A by-pass valve with a time constant
equal to, or less than, 0.l-second is sufficiently fast without a
lead network. However, valves with time constants greater than
0.1l-second sustain oscillations in a number of system parameters
unless a lead network is used. The frequency and amplitude of

these oscillations are dependent on the time constants chosen.

2) Rapid set point changes of 100°F or more 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

86 -
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NICOL'S PLOT OF THE TEMPERATURE CONTROL SERVO LOOP
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SPONSE CURVES OF TEMPERATURE CONTROL SERVO LOOP

B

R

(FOR EXTREME RANGE OF GAIN)

—4% ReactiVity/OF

Q.O\A.
hw.A
N..NO
Soy

%

IQN.

1
100

80

60

b L 9
(=)

~ - )
T3z, .moq.mnusvman\mmnonmvm

-39~

REPORT NO, IDO-285%8

t, seconds

FIGURE 14



-08-

6T JUNOIA

SET POINT

18000-22000rpm

error

SPEED CONTROL SERVO LOOP

ML-1 SYSTEM
POSITION
FEEDBACK
1000 X
bypass vaive
shaft postion
ofertiometer
CONTROLLER POWER BYPASS 9.1 X 10 voits
0-l0V 173 AMPLIFIER | 26V VALVE 0-DEG. deqre es
‘(H_I_S)(H-S) N Jmy ] 1500 x 3.2 DEG.
.87s/\ I+.IS (max; S (sec-voit)(sec)
beeeeeeeeeeeed
|
I
i
|
i
I
TACHOMETER TURBINE |
67.8 i
s5xioToyelts « — — e e e 3
coupling
{(22,000rpm max} P
TURBINE COOLANT
TACHOMETER OVERSPEED [™——" ByYpaASS
5.5X 10”3 yolts VALVE
rpm -
' SET 2 powle';' Hno v
PO'.'” error in millivolts ampHtier
110—125 % RATED i5,000 x

8GG8C-0dI °ON IHOJIYH



REPORT NO. IDO-28558

ONTROL SERVO LOOP
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ML-1 TURBINE SPEED TRANSIENTS
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Table 7. SUMMARY OF ANALOG RUNS

(Various Pre-cooler Air Weight Rates

During a Scram)

Pre-cooler Air Weight 18,000 25,000 50,000 75,000
Rate, lb/hr
wa(l) Equilibrium
Temp. after Scram oF 195 173 152 142
T Max. Rate of 1.4 1.1 0.6 0.3
pw o
Cooling F/sec.
rw1(2> Equilibrium 400 G) 355 B) 300 B) 95 )
Temp. after Scram 0F
Trh Initial Timp.
at Full Power F 465 438 430 430
Trh Equilibrium
Temp. after Scram °F 240 ) 225 ) 150 () 150 ()
Tto Equilibrium
Temp. after Scram _F 412 375 300 282
Tto Max. Cooling Rate
after Scram °F/sec. 32 28 27 27
(1) 1Initial pr at full power = 125°F before scram
(2) 1Initial I@l at full power = 850°F before scram
(3) Max. TWl cooling rate = 20°/sec
o
(4) Max. Trho cooling rate = 3 /sec
DEFINLTIONS: wa = Pre-cooler outlet wall temperature, 0F
ol = Recuperator wall hot inlet, OF
T , = Recuperator outlet hot side (nitrogen)
rho . 0. ' )
_temperature, “F :
Tto = Turbine outlet nitrogen temperature, oF

100,000

140

0.3

275 3

430

277

27
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not appear to rise within the accuracy 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 were 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 the GTTF analog, and the transient
temperature studies will be started.

6. Process Instrumentation (Task 57-6X%X)

Summary - January through May:

Process instrumentation 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 a small graphic panel. Other necessary, but less impore
tant parameters, will be indicated by meters on a separate panel.

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

Accomplishments - 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 specification for the vacuum instrumentation was amended.

The specification and bid 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

WATER MAKE-UP
1, Fill Mixing Tank

2, Mix Boric Solution M—101
3. Pump intc Shield P-50i

4. Fill Moderator Tank

START-UP

1, Turn on car Instrument Power

5. Moderator Circulating Pump P-201

2, Evacuate System C-301 P-301
3, Pressure Systenm

3
4, Heat T-C Set Lube 0il
&. Shield Circulating Puup

2o Check & Run Oil Recirculating System

7. Seal Pressure Bias System
« Separator Compressor

¢, Starting Moteor

10, 3 Preccoler Fans

11, Moderator Pump P-201A

12, Check Scram Interlocks

il

13. Check Magnetic Clutch Interiock
14, Pull Safety #1

15, Puli Safety #2

16, Pull Shim #1

17, Pull Shim #2

18. Pull Shim #3

19, Pull Reg. Rod
20, Reactor at 10% Power

22, Moderator Precooler Fans

21, Temperature Speed & Power Attained

23, Main Generator Exciter

24, Electrical Load Transferred

NOTES:;
A - POWER SUPPLIED EXTERNALLY

B ~ INDICATES POWER INCLUDED IN CAB REQUIREMENTS
NUMBERS ABOVE BARS INDICATE KVA

“ON 1Lyodday
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REACTOR OUTLET TEMPERATURE

1200
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ML-1 START-UP SCHEDULE -1 (T¢y 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 -65° F AMBIENT —|
REG, ROD
WITHDRAWA
MAXIMUM RATE OF TEMP,
INCREASE 90° F/MIN, -
RECUPERATOR LIMITING
_ |
I MAXIMUM TEMPERATURE INCREASE —
O-
RATED AMBIENT / INTO THE PRECOOLER 54°“F/MIN.
START TEMPERATURE DEPENDS ON
AMBIENT TEMPERATURE
4,5 5,0 5.5 6.0

HOURS
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COMPRESSOR INLET PRESSURE, PSIA
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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.

Specifications were written for the vibration inatrumentation and
for the oil pressure instrumentation for the transfer compressor.

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

Anticipated Accomplishments -~ July:

Work will continue on the wiring schematics for the process
instruments.

Development work will begin on the conductivity system.
A system for reading the temperatures of bearings will be finalized.

The graphic panel drawings will be released for bid.

7. Power Control (Task 57-3XX)

Summary - January through May:

Specifications 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 power, 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 revise the layout of the control cab, greatly improving utilization of

- 100---
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space (Figure 23). The control console design was completed and all
drawings of the framework released for fabrication. The conscle 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 applicable military specifications will be utilized in speci-
fying the wiring 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 bid. Closing date for these bids is 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 specification 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 wiringcthe systems.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. Facility Design (Task 51-510)

Summary - January through May:

The ML-1 facility design was completed and approved during the
period. The Hayes-Henry Comnstruction 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 the contract.
The facility should be ready for occupancy by 1 December.

Aerojet recommended the following changes in order 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 installation.

6) Emergency pressurization for the auxiliary control building.
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VIEW OF THE INTERIOR OF THE CONTROL CAB MOCK-UP

FIGURE 23
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SCHEMATIC DIAGRAM FOR LOAD BANK
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