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LEGAL NOTICE
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DESIGN DATA

CRBR WITH NUCLEAR SUPERHEATER

PLANT

Power, boiler region ... .. . . .
Power, superheater region . . .
Steam flow at rated power . . .
Total core power . . . . . .
Gross electrical capability . . .
Net electrical output .. . .
Net efficiency . . . . . . . . .
Steam outlet pressure .,. .
Reactor operating pressure .
Temperature, boiler region . . .
Outlet temperature, superheater region
Gross heat rate . . . .
Reactor building size . .,. . .

.. . . 164,000 kw
. . . 39,000 kw
. . 615,000 lbs /hr
. . . . 203,000 kw

. . . . 66,000 kw

. . .. . 62,000 kw

. . * 30.5%

. . . . 540 psig

. . . . 600 psig

489 F
. . . . . 825 F

. . 10,370 Btu/kwhr
. 50 ft dia. x 115 ft

REAC TOR

Vessel size ... . . . .
Total core dimensions . .

Dimensions of superheater region .*o
Fuel, boiler region (Al clad) . .,ap
Fuel, superheater region (SS clad) , a:
Fuel, loading, boiler region .. .
Fuel, loading, superheater region
Power density (boiler core coolant)
Average heat flux, boiler region .
Average heat flux, superheater region
Maximum heat flux, boiler region .
Maximum heat flux, superheater region
Recirculation rate . * .a .W.0.
Recirculation pump power........

p
pi

. 11 ft x 26 ft
. . . 6 ft x 6 ft
. . . 6ft x30in

rox 1.7% enriched U02
prox 92% enriched U02

100 kg (U235)
24 kg (U235)

. 96 kw/liter
. 131,000 Btu/hr/ft 2

85,000 Btu/hr/ft2

432,000 Btu/hr/ft2

170,000 Btu/hr/ft 2

o . . 60,000 gpm

S. . . 620 kw
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INTRODUCTION

This is the fifth of a series of reports covering technical progress
on the research and development program being performed in con-
nection with the design of the Pathfinder Atomic Power Plant. This
plant will be located at a site near Sioux Falls, South Dakota, and is
scheduled for operation in June, 1962. Owners and operators of the
plant will be the Northern States Power Company of Minneapolis,
Minnesota.

The U. S. Atomic Energy Commission, through Contract No. AT (11-
1) - 589, with Northern States Power Company, and Central Utilities
Atomic Power Associates (CUAPA) f are sponsors of the research
and development program.

Allis-Chalmers Manufacturing Company of Milwaukee, Wisconsin, under
contract with Northern States Power Company, is performing the re-
search, development, and design, and will construct the plant including
the reactor, which is designated as the Controlled Recirculation Boiling
Reactor (CRBR). Pioneer Service and Engineering Company of Chicago,
Illinois, is providing the architect-engineer services to Allis-Chalmers.
Portions of the R & D program, particularly in connection with fuel
development, have been sub-contracted by Allis-Chalmers.

Conceptual engineering and component research and development is
well under way at Allis-Chalmers Greendale Laboratories. Erection
of a number of major experimental facilities which will provide im-
portant design data is progressing satisfactorily. Construction of the
Critical Experiment Facility was started in late November and is pro-
gressing on schedule.

A study of an integral nuclear superheater, as provided for in Contract
No. AT (11-1) - 589, definitely shows feasibility. Serious consideration
is being given to the use of a nuclear superheater in the CRBR for
the Pathfinder Atomic Power Plant. Up-to-date design data is pro-
vided in the table on the following page.

* CUAPA member companies are:
Central Electric and Gas Company Northern States Power Company
Interstate Power Company Northwestern Public Service Co.
Iowa Power and Light Company Otter-Tail Power Company
Iowa Southern Utilities Company St. Joseph Light and Power Co.
Madison Gas and Electric Company Wisconsin Public Service Corp.

Mississippi Valley Public Service Company

-viii-



1. FUEL ELEMENT RESEARCH AND DEVELOPMENT

1.1 Fuel Material Cladding, Bonding, and Irradiation Testing

Cladding Material

The duplex (double-alloy) tube discussed previously (ACNP-5812, pg 1)
has continued to hold interest due to its combination of desirable proper-
ties. Reynolds Metals Company has furnished another sample run of
5083 alloy clad with an equal thickness of 1100 alloy in which the smear-
ing of small amounts of 5083 on the outside has been eliminated. Speci-
mens of this material have been sealed in evacuated Vycor tubes, and
are currently being subjected to long-time high-temperature annealing
treatments by Allis-Chalmers for evaluation of inter-diffusion of the
two alloys.

Aluminum alloy X2219 is also considered as a good material for the in-
ner alloy of the duplex tube, because its strength is equal to zircaloy-2
and its corrosion resistance is about 75% of that for X8001. X2219 is a
proprietary alloy of the Aluminum Company of America, who have in-
dicated willingness to try bonding it to X8001 in both tube and sheet
forms. They are currently working on it, and if successful, samples
will be furnished for evaluation.

The X8001 + 2-A% Mg alloy furnished by Reynolds Metals Co. has been
evaluated for corrosion resistance. The expected increase in strength
of this alloy is being tested and evaluated for comparison with X8001.
Tests will be conducted at room temperature and 500 F on 0.100"'
thick, flat, sub-size specimens.

Corrosion Studies

Three coupon samples of Aluminum alloy X8001, + 2.5% Mg, as shown
in Figure 1, were tested in an autoclave containing high purity water
at 500 degrees F and a pH of 7. The test ran for fifteen days, with
measurements made on the samples at four day intervals.

Results of these corrosion tests indicate a rather high corrosion rate,
thus making this alloy unsuitable for reactor fuel element cladding under
the conditions of a boiling water reactor. The calculated corrosion rate
for this test was 320 mdd, which is about 100 times higher than for X8001
under similar conditions.

The corrosion product found on these specimens was extremely thick and
bulky. X-ray diffraction analysis identified the product as (A1203 " H2 0)
Boehmite. Figure 2 is a cross-section of one of the samples, clearly
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showing the large volume of corrosion product around the uncorroded alum-
inum alloy in the center. This corrosion product completely encased the
sample as shown in Figure 3, which also illustrates the large cracks that
formed along the edges due to expansion of the corrosion product.

The Aluminum Task Group* held a meeting December 3, 1958, at Argonne
National Laboratory. Representatives from Argonne, Alcoa, Chalk River,
and Allis-Chalmers were present. Much interest was shown on the effect
of inhibiting aluminum corrosion rates by means of a build-up of aluminum
corrosion products. This effect was said to be without doubt related to the
"surface-to-volume" effect of corrosion inhibition, referring to tests in
which a high surface area of aluminum and low volume of corrodent shows
reduced corrosion rates.

In one experiment at Chalk River, corrosion rates were reduced by a factor
of four by placing chips of aluminum upstream from aluminum specimens
in a corrosion loop. Experience at Argonne indicates that 304 stainless
steel coupled to X8001 in dilute H3P04 shows a pitting effect on the aluminum.
For pH 3.5 with H3 PO 4 , the pitting was fairly severe at 5500 F. However, at
pH 4.5 and the same temperature, the pitting was not as severe.

In one dynamic corrosion test at Argonne, alloy 198X (99.99 Al, 1 w/o Ni, 0.1
w/o Ti) showed a lower rate at high velocity than X8001.

ALLOY FLOW CORROSION
CONDITIONS ALO LWRATERATE R. T

(mils/yr)

pH 5.5 with H3 PO4  X8001 7 fps 0.7

600 F, high 18 fps 2.6

concentration of 198X 7 fps 0.5

aluminum corrosion products 18 fps 0.8

From this data alone it would appear that 198X, when used with H3 PO4 inhib-
itor at high temperature, could be as much less sensitive to the velocity of
the corrodent than X8001. Few clear cut conclusions can be drawn from a
single test. However, further successful results in similar tests on al-
loy 198X might be encouraging from the standpoint of developing a more
corrosion resistant alloy in systems with high flow rates.

*The following corrosion data is from Hanford Progress letter to
Aluminum Task Group, December 3, 1958, and Argonne report to
Aluminum Alloy Task Group meeting # 13.
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Under development is an eddy -current gauge for determining metal
loss from aluminum samples after being processed in the dynamic
corrosion testing loops (described in a previous quarterly report).
The gauge operates on the principle that the impedence bridge
measurement of a coil containing a corroded aluminum sample may
be directly converted to average metal loss per square cm. At
the present time, most parts are on order or under construction,
and preliminary schemes for calibrating the gauge are being studied.

Fabrication Studies

Experimental end closures of types 3003 (Al - 102% Mn) and X8001
(Al - 1% Ni) alloy tubes are being made by welding and spinning.
Twelve tube specimens, six of them made of X8001 alloy and six
made of 3003 alloy, were spun closed on the ends by the Metals
Spinners Corporation, Milwaukee. The X8001 tubes had an O.D.
of 0.418 in. with a 0.040-in. wall, and the 3003 tubes had an 0. D.
of 0.375 in. with a 0.035-in. wall. Specimens 1 through 4 each
exhibited a small hole in the center of the spun closure, and were
welded closed, using 4043 (Al - 5% Si) and X8001 alloy filler metals.

All twelve specimens were gas pressure leak tested up to 200 psi
for 15 minutes at room temperature0  Specimens 1 and 4 showed
leakage at 25 psi (see Table 1). Following leak testing, small holes
were drilled in the spun end closures of 7, 8, 11, and 12, and then
fusion welded. The X8001 specimens were examined in great detail,
as were the 3003 specimens 9 and 10.

Figure 4 shows typical end capped specimens examined. The sample
closures were examined microscopically, and photomicrographs of
specimens 3, 4, 6, 7, and 10 are shown in Figures 5 through 9.
Each of the end closures contained defects such as porosity, shrink-
age, cracks, or cold shuts. All tubes that were spun closed, but
not welded, had numerous cracks or cold shuts in the end closures.
The fusion welded tubes were much sounder, but they also contained
some shrinkage and porosity.
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TABLE 1

Tube Alloy Type Filler Test Remarks
No. Closure Material Pressure

1 3003 Spun & Weld X8001 25 psi Leaked
2 X8001 " " " 200 psi No leakage
3 " " " 4043:" " "

4 " " X8001 25 psi Leaked
5 " Spun - - 200 psi No leakage
6 "4 " - -

7 ))) ' t )
8 3003 " - -
9 " ))_- ) - )

1 0 "9 -1C )-

11 " -, c -

12"-- -

Development Program

Proposals for aluminum clad boiler fuel research and development
solicited during the last quarter have been received and evaluated.
A contract has been awarded to VI & C Nuclear Corp., Attleboro,
Mass., whose proposal was most consistent with the scope and ob-
jectives outlined in ACNP-5812. The work is expected to start early
in January and will last approximately one year.

The initial studies will concentrate on mechanical bonding and welded
end closures, making it possible to obtain samples for irradiation
testing at an early date.

Advanced Fuel Development

The development program of coating U0 2 particles with zirconium
at the Martin Company has continued through the fifth month, Lit-
erature surveys revealed about 164 articles and reports, out of
which about 110 have been studied and abstracted. All major items
required for the vapor plating and mechanical abrasion experiments
have now been received. Cold flow studies have been conducted
using 48-in,, long reaction chambers of. three different configurations
(A, B, and C).

Chamber "A" is of a cylindrical design with a uniform 2-in, diameter.
"B" is of a conical design with a uniform 3-in, diameter over the
upper 19 inches of length, which is reduced to a 1-in, diameter by
20-in. long conical transition. "C" is of a cylindrical design, with
a uniform 2-in, diameter over the upper 19 inches of length, which
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is reduced by an abrupt transition to a 1-in, diameter over the
remaining length.

Two-thirds of the anticipated cold flow studies (chambers A and C)
have already been started and are continuing, in order to obtain
fluidization characteristics in the two reaction chambers.

Results of the first two runs with chamber A indicated that the use
of powder quantities and gas flow rates of four times those in
Chamber C, yielded fluidization characteristics similar to those
encountered with chamber C. Due to this similarity, extensive flow
studies of the type A chamber were not made.

At the end of December, 1958, the initial phases of hot flow studies
for vapor plating were started. These studies should be completed
in the next month. A photograph of the vapor plating assembly is
shown in Figure 100

Experiments to mechanically abrade zirconium metal on UO2 par-
ticles have been started, and will be continued as a back-up study
to vapor plating. Initial experiments did not yield a satisfactory
coating, and new experiments are now in progress. Photographs
of the container used in the abrasion experiments are shown in
Figure 110 Major emphasis is being continued on the vapor plating
phase of this program.

1.2 Heat Transfer and Fluid Flow Investigations

Construction

The unipolar generator has been grouted in place and the wiring
partially completed0  The cooling water radiator and air cooled
steam condenser have been placed on their pads. The cooling
system is partially assembled.

Design

A piping layout was drawn and all critical sections were analyzed,
using Kellog's General Analytical Method and the IBM 704 computer.
The largest stress (8000 psi), force (1300 lbs), and moment (1600
ft-lbs), occured at the recirculating pump. These values appear
reasonable and detailed drawings are being made of all loop piping.

A combination sub-cooler and strainer, designed to protect the feed
pump from cavitation and dirt, is now out for quotations.

The source strengths for the void measuring system were determined
by assuming a maximum count rate of 100,000 per minute, and par-
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tially designing three test sections. It was decided to purchase two
gamma sources for the test work. A 10 millicurie Cesium 137
source will be used for 9 and 81-pin tests, and a 250 me Thulium
170 source will be used in tests with one-pin test sections.

The lower energy of the Thulium gamma rays permits more pre-
cise determination of steam voids because of the greater attenuation
of the collimated gamma beam from empty (all steam) to full (all
water) condition. A lower energy gamma or x-ray source does not
appear practical because increased attenuation in the steel pressure
tube would make the source strength unreasonably large.

The design for a one-pin test section was started and is nearing the
drafting stage. Also, the design for the cooling system and fire wall
for unipolar generators was completed.

Poor delivery of major loop components (steam separator, preheater
and flow control valves) has moved the completion date to April, 1959.

1.3 Fabrication of Fuel for Critical Facility

Boiler Fuel

The lifting handle on the aluminum box was redesigned and tolerance
changes were made to facilitate manufacturing of the fuel tubes. This
necessitated making a few dimensional revisions on the box and tube
holders.

All boiler fuel assembly components have been ordered. The AAA
Tool & Die Company, Milwaukee, will fabricate the box assembly
and spacer clips. Mallinckrodt Nuclear Corporation will manufacture
28,400 fuel rods of 1.8% enrichment, American Lava 11,800 rods of
0.71% enrichment, and Sylvania Corning Nuclear Corporation 3,200
rods of 2Q6% enrichment.

Process outlines, received from Mallinckrodt and Sylcore, were re-
viewed and comments re-submitted to the vendor. Mallinckrodt in-
dicated that pellet production would begin some time during the week
of January 19, 1959.

Superheater Fuel

The decision to use 93 % enriched fuel in the superheater has been
made and requotes from the three interested manufacturers have
been obtained,

-6-



L4 Fuel Element Manufacturing, Research and Development

Boiler Fuel Element

As discussed in ANCP-5812, pg 7, flattening of axial power distribution
in the core can be aided by varying the fuel over the core length. The
previous report indicated accomplishment of this by variation in fuel rod
diameter. However, this method introduces more clad material than de-
sirable. A method utilizing a constant rod diameter and a variation of
the number of rods over the core length provides a better arrangement.
As a result, it has been determined that the boiler fuel element refer-
ence design will incorporate this principle.

Pressure Drop and Void Distribution Calculations

The boiler core was divided into 3 equi-radii regions and the void distrib-
ution and pressure drop calculated for six-inch increments. The heat
generation was determined using VAL-PROD. 0141. Nine cases were
calculated and the pressure drops as a function of flow rate are shown
in Figure 13.

From this plot, the overall pressure of 18.1 psi (pressure drop from bot-
tom 6of nozzle to top of fuel element) yields the design total flow of 24
x 10 #/hr, The flow rate and exit voids per bundle associated with 18.1
psi pressure drop is:

Flow rate through
avoidss fuel bundle

Inner section 49,6 62 #/sec
Middle section 454 66 #/sec
Outer section 33.55 75.4 #/sec

Figure 14 shows the void distribution along the fuel elements for the 18.1
psi pressure drop conditions as interpolated from the nine calculated con-
ditions.

1.5 Nuclear Handling Tools, Coffins, and Shipping Containers

The 40-ft deep, underwater test facility for mechanical handling of fuel
elements and other reactor internals will be completed shortly. The
tank, shown in Figure 15, will have underwater lights, bridge, and handling
crane, and will be able to duplicate any underwater problem anticipated in
the Pathfinder reactor,
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A full size mock-up of a portion of the core will be put in this tank to
determine the ea se with which boiler and super-heater elements can be
inserted and removed. Figure 16 shows the core segment which will be
made and Figure 15 shows the relative position of the core segment with
respect to the tank.

Preliminary design of handling tools for the fuel elements has started.
A dummy fuel element using the quick release type of lower hold-down
will be ready for underwater tests in the near future.

Transfer Chute

Pioneer Service & Engineering Co. has completed a transfer chute analysis
for transfer of equipment and fuel elements to and from the reactor build-
ing. The horizontal type chute, shown conceptually in Figure 17, has ten-
tatively been decided upon.

Shipping Coffins

Two conceptual designs for shipping coffins have been reviewed. The first
(Type 1) has the cooling water circulating on the outside of the shielding,
while the second (Type 2) has all cooling water contained in the storage
cavity. Type 1 could dissipate approximately six times as much heat as
Type 2. With a cover, both measure approximately .12 feet high. The de-
sign criteria as proposed by the AEC in the Chicago meeting held in De-
cember, 1958, was followed as closely as possible. However, two areas
of difficulty have appeared.

1. The height is not within the 7 feet recommended by the AEC.
If the elements were laid down and the coffin made longer in-
stead of higher, approximately 25% of the outside heat transfer
surface would be lost and the existing poor heat transfer char-
acteristics would be worse,

2. If water were lost from the Type 1 coffin, both the boiler and
superheater elements would be damaged. The Type 2 coffin
could cool boiler fuel without water only if the elements were
cooled for approximately 9 months prior to shipment. This
design could also cool the superheater elements after a normal
90-day cooling period. The above is not consistent with the
requirements that if water drains from the casks, the maximum
clad temperature will not exceed 1000 F below the point of
clad rupture and the 90-day cooling of boiler fuel.

-8-



2.REACTOR MECHANICAL STUDIES

2.1 Vessels and Structures

Vessel Support Columns

The support structure consists of five 12WF190 columns placed as
equally around the vessel circumference as available space permits.
Lugs, welded to the vessel, will be attached to the tops of the col-
umns with lubrite plates, which will allow radial expansion of vessel.

The loads imposed on the support columns are as follows:

1) Static load of approximately 466,000 lbs due to:
a) Weight of reactor and components.
b) Weight of water.

2) Bending load due to:
a) Static load eccentrically applied to columns.
b) Forces and moments imposed on the bottom of the reactor

vessel by the recirculation piping.
c) Radial expansion of the vessel.

3) Dynamic load in the event the vessel cover is accidently
dropped during refueling.

The maximum stress due to the bending load will approximate 10,000 psi,
and that due to the dynamic load 18,000 psi. Thus, the total stress of
approximately 28,000 psi is below the design allowable stress of 33,000
psi for structural steel.

Vessel Keys

Three keys, welded to the vessel, will prevent rotation about the vertical
centerline, as well as lateral and transverse movement caused by the re-
actions of the recirculation piping on the vessel.

The keys will be at the same height as the lugs, with two of them welded
180 degrees apart on the reactor centerline that is normal to the middle
recirculation piping loop. The third key probably will be incorporated with
the support lug, directly opposite the middle recirculation piping loop.

The initial key design calculations showed that a 2-in. x 8-in, solid rect-
angular bar yielded a maximum stress of 13,000 psi and maximum deflec-
tion of 0.02 in. Two 8-in. x 8-in, angles, imbedded in the concrete shield-
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ing around the reactor, will restrict key movement to a minimum. Lubrite
plates will allow for radial expansion of the vessel.

Closure Design

1. Quick operating closure.

Studies performed to date by Allis-Chalmers and two consulting firms
working independently have indicated that a quick operating closure is
tied to the development of a suitable self-energizing seal. This seal
should rely on little or no precompression to obtain an initial seal at
low pressure. Most of the feasible quick operating closures have been
illustrated or described in earlier progress reports. Work on a full
scale test has been held up pending the outcome of the self-energizing
seal development program.

2. Bolted flange closure.

The bolted flange closure, shown in Figure 18, uses forty-eight 3-in.
stud bolts equally spaced around the upper flange ring, which is 15-in.
thick and 7 1/4-in, wide. The bolts are machined from ACM 1443 (mod-
ified 42C stainless steel) with a tensile strength about 120,000 psi. Gas-
ket surfaces will be overlayed with Inconel metal for resistance to cor-
rosion and indentation.

Tapped stud holes in the lower flange will be protected from the corro-
sive effects of the shield pool water by inserts of corrosion resistant
material, probably Inconel, welded to the gasket surface. Use of a thread
seal compound is also being investigated as an alternate to the threaded
insert. Present thinking is to use a double gasket arrangement with a
monitored leak-off point between the inner and outer gasket.

The double gasket arrangements being considered consist of hollow, metal-
lic O-ring gaskets, or corrugated soft iron gaskets sheathed in thin stain-
less steel. Both appear promising and have no apparent handling difficul-
ties under the required conditions. Quotations have been received for pro-
totype gaskets to be used on a full size flange test to determine the rela-
tive merits of each before final selection.

The vessel opening has been set at 91 inches to allow clearance for inser-
tion of the boiler fuel element grid as a complete unit. The removable
portion of the entrainment separator assembly will also clear through this
opening. All other internal reactor structural members that are bigger
than the opening will be unit assembled within the reactor.
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Lugs will be provided on the inside of the pressure vessel lid to pre-
vent damage to the gasket faces when the cover is set down in the
shield pool. The vessel cover will normally be stored within the shield
pool during all refueling operations.

The time to seal and open the vessel will be minimized by the use of
a hydraulic bolt tensioner.

Bolt Tensioners

Bolt tensioners will be used for pre-loading the closure flange bolts.
These tensioners are hydraulically operated and use one or more hy-
draulic cylinders in series. The tensioners are fastened to the thread
of the stud extending beyond the nut and create pulling force, which is
transmitted through the pulling rod to the stud (see Figure 19).

The compression reaction to this force travels through the tensioner sup-
port housing to the flange. When the stud is fully pre-loaded, the nut is
tightened on the flange by means of a key inserted into the nut socket of
the tensioner housing. Releasing the hydraulic pressure transfers the
load to the stud and nut assembly.

If there is any preloading overload, it will be lost to the nut and flange
when the hydraulic pressure is released. Also, controlled bolt loading
is possible by exerting a specified hydraulic load as determined by direct
reading of a pressure gage. Pre-loaded studs are free of siezure from
galling and free from torsional stresses due to torquing devices. This
method of pre-loading studs is expected to be considerably faster and
more accurate than torquing devices. The manufacturer claims that com-
mercial accuracies of plus or minus 10 percent can be expected, and
where necessary, much finer tolerance can be obtained.

Shield Pool Seal

The general arrangement of a proposed vessel shield pool is shown in
Figure 20. Canned stainless steel wool insulation will isolate the vessel
top from the shield pool water. The vessel closure bolting is accessible
by removing a doughnut shaped insulation ring. Two rubber "music note"
gaskets attached to the insulation ring provide a seal between the pool
water and the region above the vessel bolting. This region will be drained
of all water during reactor operation. Initial sealing force for the rubber
gaskets is provided by four hydraulic cylinders which are connected to
arms that can be swung out of the way when the vessel head is removed,

The vessel-pool connection must allow for approximately a one inch ves-
sel expansion in a vertical direction and a somewhat smaller expansion in
the horizontal direction wnen the reactor is coming up to temperature.
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At present, two types of expansion joints are being considered. A flex-
ible rubber expansion joint similar to the one shown in Figure 20, is
one possibility. Another is a metal bellows type. To insure complete
reliability, a rubber expansion joint might be backed up with a bellows
expansion joint, with a bleed off between the two expansion joints for
leak detection.

Detail design of the test components described above will be started
soon. A number of possible suppliers have already been contacted.

2.2 Recirculation Piping Analysis

In the design of the recirculation pipe loops, primary effort has been
concentrated on minimizing the forces and moments acting on the vessel,
which are significantly related to the design of the pump supports. There-
fore, pipe reactions for varying conditions of restraint at the pump sup-
port was calculated, and results tabulated for three types of supports
that yield the most favorable conditions at the pump casing and vessel
wall.

Types of support and conditions of restraint at the pump are described
as follows:

Case I. Freedom in horizontal plane.

Assumes: (a) Pump can move in x and z directions on a frictionless
surface.

(b) Pump can rotate freely about y-axis.

Case II. Freedom in horizontal plane and about z-axis.

Assumes: (a) Pump can move in x and z directions, on a frictionless
surface.

(b) Pump can rotate freely about y-axis.
(c) Pump mounted on trunions which allow freedom of ro--

tation about z-axis.

Case III. Effects of friction considered for Case II.

Assumes: (a) Friction force of 5000 lbs. resisting movement in hor-
izontal plane.

(b) Torque of 6500 ft-lbs on pump casing considered as
external moment about y-axis.

(c) Resisting friction moment of 1600 ft-lbs. in trunion
bearings.
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Case IV. Pump considered as floating point.

Assumes: (a) Freedom of movement in all planes.
(b) Freedom of rotation about x, y, and z axes.
(c) No friction or external restraints considered.

Results were obtained using the Kellogg General Analytical Method, with
each loop considered as a two anchor-point system having one intermed-
iate restraint. The connection of the suction and discharge pipes at the
vessel were the two anchor points, and the pump the intermediate re-
straint. This method was adapted for use in the piping flexibility pro-
gram coded for the IBM-704 computer.

Case IV evidently gives the most favorable loop conditions regarding
forces and moment magnitude. However, this type of pump support
presents additional problems such as vibration, and feasibility of sup-
porting the pumps on constant support hangers from above. Case II
gives the most favorable loop conditions regarding ease of design for
the pump supports.

The results also show that the effects of friction and external moments
do not affect the magnitude of forces and moments enough to necessitate
a change in the design of the pipe loops or the pump supports.

A stress analysis for each loop in each case has not been completed.
However, all stress values calculated to date have been within the allow-
able code limits.

The forces and moments due to thermal expansion are presented in Table
II.
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TABLE I I SHEET I

FORCES & MOMENTS DUE TO THERMAL EXPANSION
LOOP #1

ACTION OF PIPES ON PUMP & VESSEL
Conditions of! FORCE IN SUCTION PIPE - LBS FORCE IN DISCHARGE PIPE - LBS
Freedom at AT PUMP (POINT 4) AT VESSEL (POINT 0') AT PUMP.(POINT 7) AT VESSEL (POINT 9)

Pump Support F F FF FFF FF FF F F F F

CASE 1 -13,230 - 3,925 + 475 +13,230 + 3,925 - 475 +13,230 - 7,058 - 475 -13,230 +7,058 +

CASE I I +6,874 - 75 - 303 - 6,874 + 75 + 303 - 6,874 - 1,916 + 303 +6,874 + 1,916 -

CASE IIll +3,128 - 193 - 623 - 3,128 + 193 + 623 - 8,078 - 1,703 - 30 + 8,078 + 1,703 +.

CASE IV 1,744 - 55 + 32 + 1,744 + 55 - 32 + 1,744 + 55 - 32 - 1,744 - 55 +

MOMENTS IN SUCTION PIPE - FT. LBS. MOMENTS IN DISCHARGE PIPE - FT. LBS.
AT PUMP (POINT 4) AT VESSEL (POINT 0') AT PUMP (POINT 7) AT VESSEL (POINT 9)

M_ M...1.Mx M. . .M MMz .M _ M

CASE I 1,336 - 3,573 -86,917 + 54 - 9,137 +20,617 - 4,300 -16,121 -IUJ,824 - 2,550 +13,281 '-47,

CASE I - 739 + 2,881 +11,636 - 150 + 5,229 -33,791 +1,573 +7,515 -15,396 - 3,431 -20,560 -24,

CASE III - 1,695 + 4,985 + 7,415 - 127 +11,685 -21,735 +1,812 +17,556 -11,840 - 3.449 4,187 -24,

CASE IV 97 + 69 - 565 + 191 - 926 +4,203 + 217 - 2,569 + 3,118 - 164 +1,552 - 1,

475

303

30

32

876

954

015

958
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TABLE I I SHEET 2

FORCES & MOMENTS DUE
LOOP

TO THERMAL EXPANSION

ACTION OF PIPES ON PUMP & VESSEL
Corcd i t i on s ofFORCE I N SUCTION PIPE - LBS FORCE I N DISCHARGE PIPE - LBSFreedom at __ATPUMP (POINT 4) AT VESSEL (POINT 0') AT PUMP (POINT 7) AT VESSEL (POINT 9)Pump Support FxF FyFxFFz Fx F Fz Fx Fy F

CASE I -10,451 - 6,233 + 174; +10,451 + 6,233 - 174 +10,451 -18,072 - 1741 -10,451 +18,072 +

CASE 11 + 9,891 + 391 226 - 9,891 391 + 226 - 9,891 - 5,669 + 2261+ 9,891 + 5,669

CASE I
C I 6,815 + 235 - 393'- 6,8151- 235 + 393 -11 ,895 - 5.477 - 87 +11,895 + 5,477 +

CASE IV 8931- 55 10 + 893 + 55 + 10 + 893 + 55 + 10 893 - 55 -

MOMENTS IN SUCTION PIPE - FT. LBS. MOMENTS IN DISCHARGE PIPE - FT. LBSAT PUMP (POINT 4) AT VESSEL (POINT 0') AT PUMP (POINT 7) AT VESSEL (POINT 9)
Mx My Mz Mx M Mz Mx M Mz Mx myM

CASE I i,698 -11,276 -110,159 + 2,208 - 7.476 + 4,679 + 6,181 - 9,466 -173,881 + 5,969 +19,851 -173

CASE 11 + 1,547 +11,519 +24,805 - 2,209 - 6,579 -45,215 + 1,775 + 8,270 -23,335 + 2,040 -19,270 -85,

CASE III 4- 1,719 +15,745 +20,8141 -2,870 -7,145 -35,674 + 1,607 +13,574 -21,004 +2,073 -19,899 -84,
_______________________ I_________ ______ _________ ________Y______

CAS I F 1} -

CASE IV - 5 4 618 825 + 441 + 837 + 2,235 + 147 1.086 + 1,901 184 + 1,494

z

174

226

87

10

Iz

,919

765

486

842

-~ ____ _____ - _____ I _____ .L _____ I. ____ I _____ I _____
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TABLE I I SHEET 3

FORCES & MOMENTS DUE TO THERMAL EXPANSION
LOOP i73

ACTION OF PIPES ON PUMP & VESSEL
Conditions o FORCE I N SUCTION PIPE - LBS FORCE I N DISCHARGE PI PE - LBS

Freedom at AT PUMP (POINT 4) AT VESSEL (POINT 0') AT PUMP (POINT 7) AT VESSEL (POINT 9
PuMp Support Fx Fy Fz Fx Fy Fz Fx Fy Fz Fx Fyi

CASE I - 6,6201 -5,914 - 244 + 6,620 + 5,914 + 244 + 6,620 - 6 J19 + 244 - 6,620 + 6,179 -

CASE II + 4,460 - 823 173 - 4,460 + 823 - 173 - 4,460 - 1,100 - 173 + 4,460 + 1,100 +

CASE (I 1 +1,648 - 273 - 56 - 1,648 + 273 + 56 - 6,628 - 1,653 - 434 +6,628 + 1,653 +

CASE IV 539 - 59 - 17 + 539 + 59 + 17 539 + 59 + 17 - 539 - 59j-

MOMENTS IN SUCTION PIPE - FT. LBS. MOMENTS IN DISCHARGE PI PE - FT. LBS.
AT PUMP (POINT 4) AT VESSEL (POINT 0') . AT PUMP (POINT 7) AT VESSEL (POINT 9)

NixMyM7___xMz M 1- +2) jii HMzM _ _ _

CASE I - 1,954 - 4,765 -102,889 + 1,239 +10,105 - 7,011 - 6,291 - 7,586 -91,939 - 2,724 - 7,459 -44,

CASE HI + 1,318 + 3,064 - 528 - 828 - 6,849 -30,092 - 3,962 - 5,234 - 3,798 + 2,356 +15,554 -20,

CASE III 1,520 + 8,253 + 9,244 - 1,684 - 7,026 -20,049 - 4,216 -10,127 -12,464 + 1,819 + 9,053 -23,

CASE IV 2 - 425 - 820 - 52 + 797 + 1,108 + 92 - 586 + 1,4-06 - 6 - 575 -

Fz

244

173

434

17

z

161

,422

931

106

I
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2.3 Steam Separators

Full scale design and working drawings for a low pressure steam sep-
arator test model have been completed. The model is housed in a sec-
tion of 20-in, diameter stand pipe, as shown in Figure 21. All pertinent
test section areas around the model are equivalent to that available for
each separator in the reactor.

Air is introduced into the water in the section of pipe that angles up to
the stand pipe, then enters an annular area between the outer pipe and
an inner pipe where reactor flow conditions are simulated by a baffle.
This gives the mixture an upward discharge velocity equal to that from
the reactor core.

Next, the air-water mixture makes a 180-degree turn, flows down the in-
ner pipe and into the separator nozzles. Entrained air is removed and
discharged to atmosphere through an orifice which measures the air flow.
The water leaving the separator flows first into the lower stand pipe sec-
tion, and thence by gravity into a separation tank, Here, any remaining en-
trained air is trapped in an accumulation chamber and its volume meas-
ured. The water then flows to the circulation pump for re-cycling.

An electric immersion heater can raise the system operating temperature
to 175 degrees F. Test runs at intermediate temperatures will determine
what effects, if any, temperature-viscosity changes will have on operation.
System pressures up to 50 psig will permit testing under sudden pressure
changes.

Windows in the test section will permit observation of separator operation.

Moisture Eliminator

Elimination of moisture carryover in the steam as it leaves the reactor
boiler region has received some attention. Two basic eliminator types
have been studied.

The first is a vaned or impingement type separator that utilizes the high-
er inertia of water particles moving through a tortuous path of vanes to
separate it from the steam. This type requires about 3-ft. of vessel
height and a rather complex flow baffling.

The second type consists of knitted stainless steel wire held between
grids of stainless steel bars and rods. This eliminator requires only
about 8-in, of reactor height, has a very low pressure drop (about 1-in.
of water gage), has a very high efficiency and is very economical. Two
sample eliminators of this type have been received and will be placed
in the steam separator test circuit for evaluation. Because there does
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not appear to be any grave problems involved in its use, it is incorpor-

ated into the present reactor layout. Clearance tubes for the control rod
drive shafts can be readily provided in the moisture eliminator.

This moisture eliminator would be installed in two sections. The outer
section would be permanently installed in the vessel. However, it would
be possible to remove this section with some difficulty. The center sec-
tion would be removable, to provide access to the fuel elements, but it
would not be completely removed from the shield pool during refueling be-
cause of possible radioactive crud accumulation.

2.4 Control Rods, Guide Tubes, and Control Rod Drives

Control Rods and Guide Tubes

A mock-up of each of three designs for fabricating the control rods has
been made from 304 stainless steel. Although 304 SS does not have iden-
tical characteristics as stainless steel with 2% natural boron, it was felt
the amount of distortion and warping due to welding would be similar.
Based upon this assumption, the blade sections shown in Figures 22, 23,
and 24, were welded and checked for dimensional stability, using the pro-
cedures described in the figures.

Figure 22 is a rod made up of four 1/8-inch thick pieces of stainless bent
at right angles and spot welded together. Figure 23 is a three piece rod
made of one 10-inch wide piece and two 4-7/8-inch wide pieces. The third
blade is made up of two 10-inch wide pieces, each slotted for one-half its
length and then slipped together and welded as shown in Figure 24.

After the rods were welded, stress relieved, and inspected, the following
general conclusions were reached.

1. The spot welded rod in Figure 24 went together the easiest and
showed minimum distortion after welding and stress relieving.
This design will not be used for further work because of extreme
crack sensitivity and low ductility of boron stainless plate when
bent to a small radius.

2. Before starting to weld, all plates must be straightened. The de-
gree of final rod straightness is dependent upon how well the plate
is straightened before welding or tacking is started.

3. The method shown in Figure 23 proved best from an ease-of-fabri-
cation standpoint. Because tolerances can be maintained with proper
fixture design, future work with boron steel will be based on this
design.
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Upon completion of the fabrication studies just described, a heat
of stainless steel with 2% natural boron was ordered for further
development work. The boron stainless received was analyzed
as follows:

C .010 S .018 Cr 18.32
Mn 1.32 Si .16 B 1.8
P .005 Ni 10.68 Cu .04

Tensile bars made of this material were pulled at room temp-
erature. It is believed that the small reduction in area is due
to pulling the samples transverse to the direction of rolling.
In all cases the test samples broke through one of the gage marks.
The test specimens are shown in Figures 25 and 26.

MECHANICAL PROPERTIES

Sample Y.S.(psi) T. S. (psi) Elon. (%) R. A. Hardness(BHN)
1 52,900 74,200 5.0 7.6 207
2 47,900 75,900 6.0 6.7 207

Additional samples are being pulled at elevated temperatures of
500 and 1000 degrees F and tests are being run in the A-C Re -
search Division.

A preliminary design for a welding fixture to be used in the man-
ufacture of cruciform type rods has been completed. Based upon
the results of the development work now going on, a final design
for this fixture will be made, after which a prototype control rod
will be welded. A more detailed report of the entire development
program will be issued upon completion of the critical facility
control rods.

Design calculations for the control rods and guide tubes have been
started. As a design criteria for this equipment, physics calcu -
lations give the following heat generation values for the worst con-
trol rod.

2 % natural boron in 304 stainless steel: 1.25 x 106 btu/hr/ft3

Zircaloy 2: 3 x 105 btu/hr/ft3

304 stainless steel: 3 x 105 btu/hr/ft3

Max. -to - average axial power generation: 1.7
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Other rod design criteria as follows:
1. Superheater rods are cooled with saturated steam at

489 degrees F.
2. Boiler rods cooled with water at 489 degrees F.
3. Maximum rod temperature at hot spot below 1000 degrees F.
4. All control rods constructed of boron stainless steel.
5. Boiler control rod guide tubes are Zircaloy-2.
6. Superheater control rod guide tubes are 304 stainless steel.

The maximum-to-average power generation across the rod is now
being determined. Thermal stresses and cooling calculations for
the rods and guide tubes are in progress.

Control Rod Drives

The 45-degree rotating control rod latch design is complete, and is
shown in Figure 27. A model, which can be used to test reliability
and various combinations of materials, will be ordered soon on the
basis of quotations presently being received.

To operate the control rod latch, simply position the latch assembly
so that the four blades of the latch adaptor (9, Figure 27) will pass
between the lugs of the latch (8). Then depress the upper plunger
(4) until all downward movement stops, rotate latch assembly 45
degrees in a clockwise direction, and release. The latch assembly
is now securely locked in position, and the control rod can be moved
accurately to any desired position.

The control rod drive speed has been increased from 15 to 75 inches
per minute. This has not changed the basic design of the drive,
but has necessitated an increase in the size of the drive motor and
a change in gear boxes,

Work has been started on a dashpot which would surround the rack
in the housing, and quotations have been requested on a complete
position indicating system.

The general design and engineering work for the critical facility
drives has been completed, and detail drawings should be ready
soon. Prototype component tests are in operation.

Test Programs

1. Self-energizing seal tester.

Three additional 12-inch diameter,, self-energizing test seals were



ordered for delivery in January, 1959. They are all of the same
design, similar to the original silicone rubber seal. The seal
materials are: a) Viton "A" (fluorelastomer); b) Virgin teflon;
and c) Asbestos filled teflon,

2. Inlet flow model test.

Although the first test series on the flow model has been completed,
the data and photographic results have not been analyzed as yet.
Many difficulties were encountered in test operation, particularly
in attempting to obtain a uniform flow distribution across the air
inlet ducts.

After trying three different flow straightener designs, it was con-
cluded that the poor distribution in the air inlets was due to the
effect of the total flow from the three blowers in the inlet section
of the model. Consequently, testing proceeded without using flow
straighteners, since their effect was neglegible.

To more closely duplicate reactor conditions, a new grid plate
will be fabricated for the model. Calculations are in progress to
determine an orifice size that will simulate the total pressure loss
across the fuel element. Changing to a new grid plate will un-
doubtedly necessitate the purchase of additional blowers to furnish
sufficient flow and pressure for the model.

3. Closure test0

Extensive tests on the vessel cover, flanges, bolting, gaskets, and
tools involved in removal and replacement of the cover under water
will be performed at the Greendale Laboratory, starting in early
1959. The two-part program consists of : 1) Dry tests on the cover
and component parts, subject to various conditions, and 2) under-
water tests which are concerned with removal and replacement of
the cover under water.

A search for gaskets that meet CRBR requirements revealed that
there is no data or operating experience available on gaskets of
such size. In view of this, and because complete sealing of the
vessel is mandatory, several of the more promising types of gas-
kets will be tested.

Removal and replacement of flange bolts with a hydraulic bolt
tensioner appears best for underwater operation. The bolt tensioner
described in paragraph 2J1 will be tested along with other tools used
in underwater cover removal.



The test apparatus, as shown in Figure 28, consists of two flanged
pressure vessel heads bolted together. The top head will approxi-
mate the CRBR vessel head and the bottom one will be designed to
simulate the vessel.

The upper hemispherical spun head will be welded to a flange ma-
chined from a ring forging. The head will be 2-i-inches thick, with
2-1/4-inch of carbon steel plus 1/4-inch of stainless 304 cladding.
The lower head will be a 2:1 elliptical spun head of carbon steel
welded to a carbon steel flange machined from a ring forging.

Dry Tests

The initial part of the dry tests will consist of calibrating the bolt
tensioner, by using a micrometer to measure bolt elongation at var-
ious pressure values in the bolt tensioner system. Readings will be
taken with tensioner pressure on, and also after the nut has been
"snugged up" hand tight and the tensioner pressure off. This pro-
cedure will determine the elasticity in the nut and flanges, as well
as the amount of pre-stressing necessary to achieve the bolt design
stress when the tensioner is removed.

"Stresscoat" will be applied to the head and flanges of the cover to
determine stress concentrations as well as principal stress patterns.
This analysis will be performed for both the bolted up condition and
the hydrostatic test. Using these results, strain gage will then be
located in areas of interest on the head, flange, and on some stud
bolts, and stresses again measured for the bolted down conditions of
no pressure and for a hydrostatic pressure of 990 psi.

Upon completion of the above tests, insulation will be applied to the
test cover, and thermocouple probes inserted into several locations
on the flange. Then, steam conditions up to design temperature and
pressure will be applied.

Combining the data from the strain gage tests and the steam cycling
tests will yield the maximum heating and cooling rates for the actual
vessel.

An electric immersion heater located in the lower head will generate
steam. For higher heat-up rates, additional steam will be piped in
from the fuel element heat transfer test loop. A pressure relief
valve will be installed by means of a flange connection to one of the
control rod tubes. Strain gage leads will be brought out through
another control rod flange. Liquid level controls will maintain a
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water level between the heating elements and the parting joint of the
flanges. Flange rotation will be measured on dial gages mounted on
long rods, which in turn will be rigidly fastened to the flanges. Thus,
a small angular rotation of a flange will register a relatively large
displacement on the dial gage.

Underwater Tests

The object is to establish an efficient underwater cover removal and
replacement procedure. The test apparatus will be placed on the bot-
tom of a deep tank filled with water. All operations involved in cover
removal and replacement will be performed from above. Included will
be removal and replacement of nuts, cover, gaskets, and measurement
of stud stresses.
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3. NUCLEAR ANALYSIS

3.1 Reactor Physics

Reactivity Coefficients

An analysis of individual constituents of reactivity coefficients deter-
mined the contribution of each and improved the accuracy of the gross
coefficients. Prinmary consideration was given to operational changes
in the following nuclear parameters.

1) Thermal neutron spectrum.

2) Thermal disadvantage factors.

3) Resonance escape probability.

4) Fast fission factor.

5) Epithermal neutron age.

The thermal neutron spectrum is determined primarily by the tempera-
ture of the medium in which the neutron diffusion takes place and by
the scattering-to-absorption ratio of the medium. The spectrum affects
the reactivity, through temperature and moderator density changes, by
changing the flux-average cross sections, particularly of non- 1/v ab-
sorbers, (eg. U2 35, Xe). The Sofocate Code, which averages cross sec-
tions over a Wigner-Wilkins spectrum, was used. P-3 methods were
used to determine changes in the thermal disadvantage factor caused by
reduction in moderator density.

Variations in the resonance escape probability and the fast fission effect,
as a function of temperature, moderator density, and moderator void con-
tent, were determined from experimental data on low enriched oxide lat-
tices as reported by other installations. Theoretical calculations closely
agreed with the experimental values of these parameters. Included in
the resonance escape determinations were the nuclear Doppler effects
caused by fuel temperature variations.

The neutron age for the core composition encountered in the cold, hot,
and voided states were calculated froi effective slowing-down cross
sections, which were inferred from experimental data on aluminum-water
mixtures and uranium-water mixtures.

The reactivity changes produced by variations in these nuclear constants
are summarized in Table III which shows the reactivity effects for each
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of the boiler core sections, namely, the 81-rod, 64-rod, and 49-rods
per assembly sections. A breakdown is necessary here, since the
temperature and void effects produce changes of differing magnitude
in each section. Typical or average sections do not exist within the
reference boiler core because of the wide variation of the water-to-
fuel ratio.

TABLE III

LOCAL REACTIVITY CHANGES, %Ak/k

Cold to Hot (489F) Unvoided to Voided

E

Leakage ***

81 64 49

-3.1 -0.5 -0.2

-5.2 -4.3 -3.1

006 0.5 0.4

-1.4 -1.2 -1.0

81 (10%)* 64 (30%)* 49 (40%)*

0.7 3.6 6.8

-1,9 -5.0 -5.7

0.4 0.9 1.0

-0.9 -2.8 -4.2

Totals -9.1 -5.3 -209 -1.7 -3.3 -2.1

It should be noted that the t-f change, from cold to hot, includes the build-
up of equilibrium xenon concentration. This was determined from the steady
state xenon equation for regions of different flux levels and/or fission cross
section. Also included in this change are the positive effect of loss of wa-
ter, caused by a decrease in density, and hardening of the thermal spec-
trum. The harder spectrum, caused by temperature increase and moder-
ator decrease, reduces the value of the macroscopic absorption cross sec-
tion of U-235 relative to the 1/v absorption of most of the other core ma-
terials. In addition, the average value of (1 +oc), the absorption-to-fission
ratio, is changed. The combined effects of xenon, water loss, and spec-.
tral effects, lowers rqf in each core region.

The nfchange due to moderator voids, as shown in Table III, is positive
in all core regions. The factors here are the positive change of de-

*Present moderator voids, average in section
**Includes Doppler effect
*** Radial leakage only
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creased water absorption and the small negative spectral effect. It is
seen that in the region of high void content (40%), the voiding effect is
quite large, being 6.8%Ak/k.

The resonance escape possibility change, from cold to hot, includes a
Doppler effect of approximately -1 % Ak/k caused by the increase of
oxide temperature from room temperature to about 12000 F. The de-
crease of the moderator density, giving the neutrons in the resonance
region a higher age, constitutes the larger effect on p.

The introduction of moderator voids decreases p further, due to the
increase in resonance neutron age. This effect is large,'v - 5.7%
A k/k, for the highly voided upper core regions.

The value of the fast fission factor has been determined for various
water-to-oxide ratios in low enriched lattices. Temperature and voids,
which effectively reduce the water-to-oxide ratio, increase the fast fis-
sion factor by 1.0 to 1.4% in the CRBR lattice.

The leakage effects that have been tabulated in Table III constitute the
effect of the fast age on the radial leakage. These have been listed to
illustrate the magnitude of the leakage change. Since both temperature
and voids decrease the moderator density, thereby increasing the fast
age, the leakage effect is negative in all cases. It constitutes a change
of -2.3, -4.0, and -5.2% Aok/k in the 81, 64, and 49-rod core section re-
spectively.

The loss of reactivity suffered by the system because of temperature,
void, and flux effects are obtained by two dimensional calculations,
where the core is more finely divided than is indicated by Table III.

Twenty-four boiler core regions of varying moderator, fuel, and xenon
content were used. The superheater section was divided into two radi-
al sections because of a variation in lattice pitch, and into six axial
sections because of xenon variations.

In the superheater region, where boiling of the moderator is suppressed,
moderator temperature and xenon poisoning are the primary cause of re-
activity variations during power changes. The infinite multiplication con-
stant of the cold, clean superheater, with steam passages voided, is 1.05.
Increasing the moderator temperature to its operating level changes koo
to 1.04. An increase to equilibrium xenon concentration reduces ko of
the superheater to 1.01. The fuel temperature coefficient of -1 x 10-5%
o k/k/F, due to density changes and elongation of the superheater fuel
tubes, has been estimated.
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A reactivity change which is peculiar to the superheater core is due to
the removal or addition of water within the steam passages. The steam
passages are here defined as the spaces between: 1) the central rod and
the first fuel tube; 2) the first and second fuel tube; and 3) the second
fuel tube and the inner wall of the insulating tube. These passages will
normally be flooded with water during shutdown and filled with steam
during operation. Thus, a significant moderator reduction in the super-
heater takes place between the shutdown state and the operating state.
Conversely, an accidental flooding of these tubes at any time will signif-
icantly increase the moderator content of the superheater.

The calculation of this effect is made difficult by the uncertainty of the
fast constant for the superheater core. Therefore, some multi-group
calculations utilizing the one-dimensional diffusion theory Valprod code,
as well as two-group, two-dimensional core calculations were performed.
Thermal constants were calculated for both the flooded and unflooded
s tates, taking into account both the change of spectrum and change in
disadvantage factors due to the addition of water. The two-group fast
constants were obtained from experimental data on the measurement of
Fermi age in metal-to-metal combinations.

The total change in reactivity of the system, caused by flooding the steam
passages, is approximately 0.2%t&k/k. This reactivity change results
from the decrease of neutron leakage, the softening of the thermal spec-
trum, and the decrease in thermal utilization. The effect of each may
be broken down as follows:

1) 4)!/ -v'' - 4% k/k

2) A&rB 2 /1+TB 2-o+ 3% o k/k

These values are local reactivity changes in the superheater only, and
the leakage is axial. Combining these produces a negative local change
of about 1% & k/k in the superheater by flooding the steam passages.
When these effects are incorporated into a two-dimensional calculation
to obtain the total reactor reactivity change, the statistical weight of
the superheater lessons the effect of flooding. In addition, leakage from
the boiler core out through the superheater contributes an effect that
cannot be described as a local change. This effect is positive upon
flooding, and contributes enough to render the total reactor change posi-
tive by about 0.2%Ak/k.

A previous report, ACNP-5812, listed the reactivity change as - 0.7%Ak/k,
due to flooding the steam passages and the insulating steam space. Since
then, modifications have been made Tithe design of the superheater ele-
ments to reduce the reactivity change on flooding. From an operational
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standpoint, it is desirable to have a near zero, or positive, flooding
reactivity change. The reason is that flooding during operation is very
unlikely because any water introduced in the steam passages will either
drop or be rapidly forced out of the superheater. Voiding the steam
passages, howev er, is part of the operational procedure during start-up
and, as such, should be kept close to zero or negative.

In addition to the foregoing, reactivity changes are also caused by water
variations present in the annular insulation spaces of the superheater
fuel elements. This reactivity change occurs rather slowly. The space
is a long, thin annulus, which makes a sudden variation in its water con-
tent unlikely. The magnitude of the reactivity change from this source
is being analyzed.

Flux and Power Distributions

A two-dimensional calculation, in x and y geometry, has been performed
for a core cross section under operating conditions. The purpose of the
calculation was to provide information for the analysis of flux and power
distribution effects at the superheater boiler core interface and the propa-
gation of any peaking formed at this irregular interface. Heretofore, pri-
mary concern was with two-dimensional calculations in R and Z geometry
in which a regular cylindrical interface was used.

Figure 29 shows the isoflux line pattern in the 64-rod core section, under
operating conditions, with 30 percent moderator voids. Note that the super-
heater section is a region of fairly level flux. As the interface is ap-
proached, the flux increases rapidly and is contoured to fit the interface.
Moving out into the boiling core, the interface shape is propagated, al-
though no severe flux peaking results. At the boiler core reflector inter-
face, there is another flux peak, contoured to fit the interface. The iso-
flux lines are not extended into the reflector because the rapidly changing
flux in that region makes the isoflux lines indistinguishable.

In the nuclear superheater region, the thermal flux ranges from a mini-
mum of 14 to a maximum of about 18 at the extreme outer corners. Be-
cause of the boxy shape of the superheater and the boiler core, some
local flux hot-spots are produced. These can be seen in Figure 29 as
the regions of relative flux of 19.5. These two spots (and probably two
more along the X and Y axes at the same radius) are caused directly
by the shape of the superheater and boiler core interface.

Calculations of this type are valuable in assaying the magnitude of the hot
spot factors. In the case of this 64-rod region with 30% voids, the maxi-
mum to minimum flux, as obtained by considering the superheater as an
equivalent cylinder, is 1.21. This ratio is more nearly 1.30 if consideration
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is given to the actual shape of the region.

Figure 30 shows the isopower lines for the same core section. Discon-
tinuities are due to the variation in fission cross section across various
physical boundaries. The neutron flux across these boundaries is, of
cour se, continuous. The superheater power variation is from 1.02 to
about 1.11 in relative units. This variation is considerably less than that
of the superheater flux previously described. The reason is that the load-
ing of U-235 in the superheater is lighter in the outer sections where the
number of fuel bearing tubes, per unit area, is less than in the central
part of the superheater.

Mathematics and Machine Coding

A program has been coded for the IBM-704, which will solve the transient
energy, mass, and volume balance equations under conditions of a pressur-
ized water line rupture. The variables below are computed as a function
of time, reactor pressure, reactor water and steam mass, and water flow
rate through the rupture. The energy, mass and volume balance equations
(time dependent) are as follows:

1) Xn+1 CiXn + C2Yn + C3AQ + C4 AR + C5 AS + C6 AW

2 ) Yn+1=Yn+Xn -Xn-1 -AR -AS+AW

3) Vt - C 7 Xn+1 - C8Yn+1 = 0

where: the C's arp functions of water and steam properties, namely,
specific volume, enthalpy, and internal energy.

and; X = reactor water mass
Y = reactor steam mass
Vt = total reactor volume

A Q = decay heat from core
A R = water flow rate through rupture
A S = steam flow rate from reactor
A W = feed water flow rate into reactor

The method of solution involves the prediction and re-prediction
of a time increment, o T , based on the difference in pressure of
a past and present situation. The time dependent equations (1)
and (2) are solved and the values of X and Y used in (3), where
Vt - C7Xn+1 - C8Yn+1 is set equal to E . The convergence pro-
cess is concluded when E - 0.1, implying an accuracy of 0.01 %
in the volume checking equation (3).
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Control Rod Heating

Heating in the boron stainless control rods, due to the gamma and the B10

(n, cc) Li reaction, has been calculated. The results are as follows:

Gamma heating... . .......... 2.7 x 105 BTU/ft 3 -hr

B10 (n, cc ) Li7 heating ....... 9.5x105  
cc CC

TOTAL...... .. 1.22 x 106 c c c

This total is equivalent to a power generation of about 75 kw in a fully in-
serted control rod. The assumptions made in evaluating the magnitude of
the (n,cc) reaction were based on the maximum expected reactivity-worth
of a control rod in the CRBR core.

Re actor Shielding

The activity of the re-circulation pumps is caused by the deposition of crud
coming from the core and its immediate vicinity. Crud from elsewhere in
the system makes only one pass through the core before it is essentially
removed by the purifier, thereby becoming a negligable factor.

The Co6 0 originating in the stainless steel core components accounts for
80% of the total activity of the pump0  It was assumed that there is a uni-
form 3-mil plate-out per year on the pump internals, with a maximum thick-
ness of 5 mils at any time. It was also assumed that the crud which
plates-out on the pump reached maximum activity before eroding from the
core. Using these assumptions, the activity at the outer surface of the
pump was calculated to be 30 R/hr, and at the motor windings approxi-
mately 11 R/hr. Because of the long half-life of Co 6 0 , (T1 = 5.3 yrs),
these activities will not decay appreciably. 2

Using the same assumptions, the activity of the ion exchanger and the pre-
filter was also calculated. Co6 0 accounts for about 60% of the activity in
this system. This lesser amount is because the resins and filters are
changed every 30 days, making the activity of the short lived isotopes more
important to the total activity.

The crud was assumed to be uniformly distributed throughout ion exchang-
er and the pre-filter. In the purification system, it was assumed that
two pre-filters are operating with one as stand-by, and one ion exchanger
is operating with one as stand-by. The dose at the surface of one pre-fil-
ter is 40 R/hr, while the dose at the surface of one ion exchanger is 50
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R/hr. Here again, because of the long half-life of Co6 0 , decay of the
crud after shutdown in either the ion exchanger or the pre-filter will
not be large.

The flash tank activity will be determined primarily by the crud normal-
ly present in the reactor water. Because of the high velocity of water
through the flash tank, it is not expected that crud deposition and build-
up will occur. Because of the large amount of aluminum present in the
system, it constitutes the primary activity (-v 90%) of the water. The
dose at a point five feet from the surface of the flash tank is 1 R/hr.
Because of the short half-life of A1 2 8 (T21~^ 2.3 m), this dose decays
to about 1 mr/hr one hour after shutdown.

The neutron irradiation, based on an operating exposure of 100 years,
has been calculated for various points on the vessel. These are sum-
marized as follows:

1) At the bend in the main steam 18
line, below the vessel ~.1 x 10 neutrons /cm2 - 100 yr

2) At the vessel wall, were the
main steam line joins the
vessel 'v 2 x 1018 neutrons/cm 2.- 100 yr

3) At the stainless steel-carbon
steel interface of the vessel
wall, on the horizontal
core centerline "v 3.6 x 1018 neutrons/cm2 - 100 yr

To reduce the NVT's to their present values, the superheater tubes were
necked down at the bottom of the active core. This smaller tube diam-
eter allowed more water to surround the tubes between the core and the
superheater grid plate. This increase of water reduced the neutron flux
at the bottom of the vessel.

Radial flux plots of neutrons and gamma are shown in Figure 31, for one
possible shielding configuration that incorporates a ten-foot primary con-
crete shield. This represents but one possible arrangement, and is not
necessarily the final shielding design. The gamma fluxes have been di-
vided into the following five energy groups.

Gamma Group I II III IV V

Energy Range 0-1 1-3 3-5 5-7 7-7.3 MEV
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Radial plots of these gamma fluxes, shown in Figure 32, include the
water capture gammas and the steel capture gammas. The dose out-
side the 10-ft concrete shield is 1 mr/hr.

3.2 Reactor and System Dynamic Analysis

After considerable delay, the new analog computer was delivered to Allis-
Chalmers and is now installed. This makes it possible to go ahead with
detailed simulation of the reactor and its associated systems for the pur-
pose of studying system transients, analyzing operational procedure, and
testing designs of control components. The mathematical simulation of
the system is complete.

Various control designs for feedwater flow, recirculation flow, turbine
admission valve operation, and bypass valve operation are being studied
with over-all system performance in order to optimize all control sys-
tems.

The stability analysis indicates no expected problems, due mainly to the
low thermal conductivity of the uranium dioxide pellets, the steady cool-
ant flow from forced recirculation, and the high operating pressure. Al-
so, the calculated negative feedback effect of fuel temperature rise is
sufficient to limit any po wer excursion to safe values. Additional anal-
yses of possible, but unlikely, accidents are being made.

3.3 Critical Experiments

Instrumentation

Panel layout and interlock drawings for the critical assembly operating
instrumentation have been approved.

Mechanical Design

Manufacturing has begun on major components of the critical assembly,
e. g., the grid plates and reactor tank. All items should be ordered in
the next quarter.

Building

Construction has started.

Fuel Elements

Orders for the boiling core fuel pins have been placed.
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Control Rod Drives and Source Drive

The control rod drives have been ordered from VARD, Inc. The neutron
source drive and container were ordered from Teleflex, inc.

Final Safeguards Report

Sections of the Preliminary Safeguards Report have been brought up to
date for the final report, which is now being assembled.

Spe cifications

The void simulator is the only major specification remaining, and it
should be completed early in the next quarter.

Experimental Program

The experimental program is now being formulated, and instrumentation
for the counting room is being selected,
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4. CHEMISTRY

4.1 Reactor Water Purification System

System Design and Modifications (See Figure 33)

A booster pump, to be used during reactor shut-down, has been added
under the flash tank. It will enable the flash tank to operate at a low
pressure of from 4 to 6 psia, and still maintain flow during the last
phase of reactor shut-down, when all reactor cooling is accomplished
through the purification system. Reactor temperature will be lowered
from 489 degrees F to 175 degrees F, prior to removing the reactor
cover.

Both coolers are now located directly after the flash tank booster pump.
Pre-filters, ion exchangers, and after-filter then follow directly in line.

Filter Test Loop (See Figure 34)

A low temperature/pressure water loop for testing filters is now in-
stalled in the laboratory. Initially, backwashing and filtration charac-
teristics for one particular metallic filter will be evaluated. Other types
will be tested in the near future. At present, the loop is undergoing
the final stage of shake-down and clean-up.

The first series of tests, using a controlled amount of alumina corro-
sion product in distilled water, is expected to start in January.

Capacity of the system will approach 80 GPM with a 100 psi drop across
the test filter. A total of 200 gallons of distilled water is contained in
the loop.

Data obtained will be used in the selection and final design of filters for
the purification system.

4.2 Gas Retention System

Maximum permissable plant radiation levels (Dec. 12, 1958), are known
and work is continuing on ho w much the fission products contribute to
these levels so that the total maximum gaseous activity to be handled
continuously can be determined.

In the event of a fuel element rupture and the resultant release of fis-
sion products to the reactor coolant, the final gas disposal system design
will allow plant operation to continue until radiation levels force a shut-
down.
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Gas disposal system components such as charcoal bed, retention tank,
and dilutent blower, will be the subject of an economic analysis to de-
termine optimum size.
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5. INSTRUMENTATION AND CONTROL

5.1 Control Rod Programming and Rod Control Circuits

The reactor will be controlled by 20 control rods with a total worth of
17% ak/k. The total worth of excess reactivity in a cold, clean core,
will be 13% Ak/k, leaving a safety or shut-down margin of 4% Ak/k.
Thus, the reactor will remain sub-critical until a minimum of five con-
trol rods, equivalent to the 4% ak/k, are withdrawn from the core.

Very little or no design distinction is bein g made in the control rods
and drives. Any rod can be used to fulfill a safety, regulating, or shim
function.

Present plans do not call for any interlock circuits that would require a
certain sequence of operations to be followed while bringing the rods out
of the reactor. However, if an interlock or sequencing circuit would as-
sist the operator, it may be incorporated.

In general, the operating procedure will be to have all control rods ei-
ther fully in or fully out, except those used for shimming. This will
hold true for both start-up and steady power level operation.

All twenty rods will be interlocked so that the operator will be able to
increase reactivity with only one rod at any one time. The withdrawal
rate of 75 inches per minute corresponds to a maximum reactivity ad-
dition of about 5 cents per second. The control rod drive switch will
be spring loaded so that drive-motor power will be cut-off when the op-
erator lifts his hand. An interlock on the rod drives will permit all
twenty rods to be lowered simultaneously.

For emergency scram, magnetic clutches will disengage the control rods
from their gear motors immediately upon loss of power to the holding
magnets. The rods will then drop into the core by gravity, and for the
firts few inches from full-up position, will be given a fast start by means
of a scram spring.

The position of all control rods will be continuously indicated on the con-
trol panel. Limit switches will activate rod position indicating lights,

and also remove power to prevent overtravel of the rods in either direc-
tion.

An alarm bell or horn will sound each time the control power is turned
on, and warning lights in the plant will burn at all times that the control
power is on.
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5.2 Safety and Alarm Circuitry

A signal system is being devised to alert the operator to certain abnor-
mal operating conditions as they occur. Where necessary, the alarm
system will be interlocked to actuate safety devices. A list of probable
conditions is given below. The asterisk (*) signifies those conditions ser-
ious enough to automatically cause immediate reactor shut-down.

High reactor flux
*Low reactor period

Loss of power to recirculation pumps
Loss of power to feedwater pumps
Loss of power to condensate pumps

* Loss of electrical control power
Low condenser vacuum
High reactor water level

* Low reactor water level
* High reactor pressure

Low reactor pressure
Turbine trips from overspeed device

* High containment vessel pressure
Building air exhaust activity high

* Turbine bearing vibration excessive
Hot well level low
Hot well level high
Nuclear instrument power failure
Recirculating water flow low
Pressure relief valve open
Recirculating water flow high
Loss of instrument air pressure
High steam pressure
Selected plant temperature
High shield cooling system coolant temperatures
High pressure drop across feedwater filters
High condenser circulating water temperature
High reactor water temperature in purification system ion exchangers
Low shield cooling system flow
High feedwater temperature
Cooling tower basin temperature low
Cooling tower basin level low
High radiation level in water purification circuit
High radiation level in condenser exhaust air
High radiation level in reactor plant area
High water conductivity, from several selected points in plant,

including reactor water, feedwater, and condensate
Flash tank pressure high
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* No steam flow above 1% power
Flash tank leak detector alarm
Low feedwater temperature

* High neutron flux (several independent channels)
* Manual shutdown, at discretion of operator, to take care of any emergency

not covered by automatic safety system

The above listings are not necessarily final. It may be advantageous to
add or delete items as the plant design continues to develop.

5.3 Power and Period Measurements

Power and period measurements will be made using nine instrument chan-
nels, which include those used for start-up. Two BF0 proportional count-
er channels will be used to start from source level, and will feed both
scalers and counting rate meters. One of these channels will use a
logarithmic counting rate meter and a period amplifier which will provide
increased protection at low levels for short reactor periods.

Two of the other channels will cover the intermediate flux range with ov-
erlapping ranges, and will consist of compensated ion chambers that will
feed either electrometers or micro-microammeters. Each of these chan-
nels will feed an adjustable high level signal (within the intermediate range)
to a scram circuit, which will provide protection during preliminary test-
ing and operation at low power levels.

Another channel, also consisting of a compensated ion chamber, will pro-
vide a wide- range of power level indication from counter range up to nor-
mal operating power level by the use of a logarithmic amplifier.

The remaining four channels will have a comparatively short range and
will use uncompensated ion chambers to measure neutron flux at normal
operating power level.

Several of the high level channels will be used as safety devices when the
neutron flux reaches an abnormally high level. Using more than one inde-
pendent channel will give an increased margin of safety in automatically
shutting down the reactor at high power levels. It will be impossible to
adjust the trip level of the high flux safety circuits without an internal
circuit change and/or a replacement of circuit components.

There will be enough overlap between channels so that at least two channels
will be available for monitoring neutron flux at any time. Reactor-period
and period-safety trip signals will be available from source level up to nor-
mal operating level. At low levels, increased protection will be available
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because the wide range channel with its period signal will overlap the low
level period trip by a wide margin.

Flux detectors for all nine channels will be located in instrument holes
in the reactor shield. Physical location is important, because it will de-
termine the sensitivity of the flux detectors.

Studies are being conducted to determine more detailed requirements of
the nuclear instrumentation such as ranges, sensitivities, response to sys-
tem transients, etc.

5.4 Pressure Control

Since pressure changes can affect reactivity, the reactor pressure will be
held constant to within a few percent of the system mandatory pressure
of 600 psi. A pressure control system, consisting of reliable and com-
mercially available components, would require further analyses to deter-
mine the exact requirements. Some manufacturers have been contacted
to determine the characteristics of typical systems that are available for
this use. When these characteristics are known, a simulation of plant
response to the action of typical control systems can be programmed for
the analogue computer. A steam pressure measuring element will be in-
stalled in the steam line as close to the reactor as possible for greatest
accuracy and fastest response. The pressure signal will also operate a
recorder in the control room.

The recorder will be equipped with contacts that will sound an alarm when
the pressure varies from within the pre-set range. If the operator is un-
able to restore operation of the pressure regulating system and the pres-
sure deviation continues, automatic pressure relief valves will open to by-
pass steam to the condenser, and the plant will shut-down.

5.5 Reactor Water Level Measurement and Control

All liquid level instruments will be installed outside the reactor shield on
a separate vertical leg, designed to include a method of partially compen-
sating for density changes of the reactor water.

The location of the liquid level connections to the reactor vessel for the
desired range of level measurement have been fixed and are shown in
Figure 18. Note that a larger pipe is used for the upper connection. This
will allow space for bringing thermo-couple leads out of the core, and it
can also be used to measure reactor steam pressure.
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The liquid level control systems under investigation are two-element and
three -element systems, utilizing either electronic or pneumatic operation.

Contacts in the recorder will sound an alarm in the control room if the
water level is above or below a predetermined point. If the operator is
not sufficiently warned of any abnormal level condition and the level de-
viates further, the reactor will be shut-down automatically by contacts in
one of the level instruments or by differential pressure switches.

There will be manual control of feedwater flow which can over-ride all
automatic operations except the safety mechanism.

Two independent liquid level instruments are to be used. The primary
instrument will cover a short range and will be used as the liquid level
signal to the feedwater control system. The secondary instrument will
be used for the measurement of absolute level and will be used during
start-up and shut-down operation, and to check on the primary instrument
during operation at power. It is possible that both will be of the type
that operate on the principle of differential pressure between the upper
and lower connections.

A possible alternate to a differential pressure ytpe for the secondary
instrument would be a sight gage. One disadvantage of this, however,
is that a closed circuit TV with a remotely controlled camera mount-
ing is required to determine absolute level from the control room.
The selection of a sight gage may hinge on the desirability of using
closed circuit TV for observing other points near the reactor.

Final selection of the instrument ranges, accuracy, speed of response,
etc., will be determined after more plant analyses have been made.
For example, the change in liquid level between non-boiling and boiling
at full power operation is being calculated.

The type of feedwater control system to be used is presently under
investigation. Unfortunately, all commercial liquid level instruments
operating on differential pressure are also sensitive to density changes,
which would require a temporary change in calibration. This must be
considered in the design of the feedwater control sytem, so that a
constant level is held under all conditions of operation.

These and other factors make the selection and design of the control
systems difficult and result in detailed investigations, especially for
critical parameters such as pressure and liquid level in the vessel.

5.6 Pumps, Valves, and Controls

The purification system will be designed for automatic operation during
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normal plant operation. During reactor start-up and shut-down, most
operations can be controlled from the central control room. Some valves,
however, will be manually opened or closed. The valve numbers men-
tioned below are referenced in the purification system schematic shown
in Figure 33.

Shut- down Pump Controls

The shut-down pump can be operated either manually or automatically.
Valves P-i and P-2 (Fig. 33) are pneumatically operated, and are inter-
locked with the pump starting circuit. Both open simultaneously when
the pump is started, and close when the pump is stopped.

Automatic control will consist of a pressure operated switch that will pre-
vent the operator from starting the pump and opening valves while the re-
actor pressure is higher than that necessary to pop the pump relief valve.
When reactor pressure falls below the pre-set level, the pump can then be
started and valves opened by the operator.

When reactor pressure is increasing and reaches the pre-set level, the
same pressure operated switch will automatically stop the pump and close
valves if the operator fails to do so.

Valves P-4 and P-2 will fail "closed''.

Superheater Drain Line to Purification System

The two valves P-5 and P-6 are located on the drain lines from the re-
actor main steam line to the purification line. A pressure gage installed
between the two valves will indicate any valve leakage. Leak detection at
this point is necessary because any leakage flow will be from the reactor
water side to the steam side, due to the pressure differential. This con-
dition exists primarily when recirculating pumps are operating. Should
any leakage be indicated, it can be bled through valve P-8 and disposed of
until the situation is corrected.

A third valve P-4 must be closed prior to draining of the superheater.

Valves P-4, P-5, and P-6 will be pneumatically operated, and interlocked
to operate simultaneously. Valve P-4 closes as P-5 and P-6 open, and
vice-versa, closing P-5 and P-6 opens P-4. These valves are remotely
controlled from the control room, and are designe d to fail "closed".

A second interlock system is connected to the reactor scram circuits, and
prevents the superheater from being accidentally drained while the reactor
is critical.
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Leak and Rupture Detection

Neither the flash tank or the high pressure line leading through the con-
tainment vessel to the flash tank, will be open for constant observation.
Recognizing that a leak from either one could be troublesome, it will be
desirable to detect a leak quickly, and shut-down the system. To accom-
plish this, a detection instrument will be installed in the flash tank room,
and the high pressure line will be housed in a tunnel that will be open
only to the flash tank room. Therefore, any significant leakage, from this
pipe or the flash tank, will flash to steam and flow into the flash tank room
where it can be detected and an alarm sounded in the control room.

The detection apparatus will also send a signal to a pneumatically operated
valve system, quickly closing isolation valve P-7 and throttle valve P-10.
The high pressure line between the two valves is thereby isolated, and the
purification system will shut-down. After sufficient time is allowed for de-
cay of active corrosion products, the leak can be located and corrected.

Leak detection in the flash tank room can be accomplished by continuous
monitoring of the air for either Beta activity or moisture content. Although
a humidity alarm system appears most promising, no decision has been
reached as yet,

Emergency Isolation Stop Valve P-7

The primary function of this valve is to close quickly in emergency, thus
maintaining the containment vessel integrity. Its secondary function was
mentioned above in connection with high pressure purification line isolation.

P-7 will be a pneumatically operated, quick closing stop valve, and will
normally remain fully open. The valve can also be remotely operated
from the control room, and will be designed to fall "closed".

Throttle Valve P-10

This valve, operated by the flow control system, will maintain the desired
flow to the flash tank in response to a signal from a flow meter located
just before the valve. The desired rate can be set by the operator in the
control room.

Valve P-10 will be pneumatically operated, and designed for quick closing
operation. Any one of three possible adverse system conditions will cause
the valve to close. They are: 1) High flash tank pressure; 2) High flash
tank water level; and 3) Leak in the flash tank system.
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This valve can also be remotely operated from the control room, and
will be designed to fail "closed".

Flash Tank Controls

The flash tank will be designed with the necessary controls to make its
operation completely automatic during normal plant operation. No adjust-
ment will be required during reactor start-up, and only one adjustment
will have to be made during reactor shut-down.

The flash tank will have both a pressure controller and a liquid level con-
troller.

Pressure Controller

By using the controller to vary the position of steam control valve P-12,
flash tank pressure can be maintained constant anywhere in the range of
approximately 4 psia to 50 psia. During most phases of system opera-
tion, flash tank pressure of approximately 50 psia will be maintained un-
der all flow conditions to the tank. A pressure indicator will be installed
in the control room. For a period of about 4 hours during reactor shut-
down, however, the pressure will be regulated to maintain a tank pressure
of 4 psia,

In the event that flash tank pressure reaches a pre-set level slightly under
the relief valve popping pressure, a set of contacts in the pressure con-
troller will be actuated. This will simultaneously and automatically sound
an audible alarm and close valve P-10.

A float switch in the flash tank will close valve P-12 automatically, inde-
pendent of flash tank pressure, whenever the water level reaches an ex-
treme high position near the top of the tank. When the water recedes be-
low the same point, the pressure controller will take over again. This
method makes it possible to operate the flash tank continuously from the
flashing to the non-flashing condition automatically.

The same float switch will cause control valve P-10 to close at high level
during normal plant operation. During shut-down, however, the float switch
interlock with valve P-10 will be by-passed to permit continuous system op-
eration while flooding the flash tank,

Both of the above functions will act as safety features, should other controls
fail to function properly and allow the liquid level to rise indefinitely. This
will prevent reactor water carry-over to the condensate system during nor-
mal operation.
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Liquid Level Controller

The flash tank water level will normally be maintained slightly
below the nozzle entrance area. The liquid level controller will
maintain this level through automatic operation of valve P-46,
and there will be a continous level indicator in the control room.
Valve P-46 will be designed for continous control over the com-
plete range from " full-open'' to " sh t". If the water level
closely approaches the nozzle exit area, a relay will be actuated
to sound an alarm in the control room.

The liquid level controller will be in operation during all phases
of system operation.

Auxiliary Nozzle Valve

Valve P-11 is for opening the auxiliary nozzles to the flash tank
at a pre-determined reactor low-pressure condition, when increased
nozzle area is required to maintain the flow. It will be a sol -
enoid operated stop valve, remotely controlled from the control
room0

Flash Tank Booster Pump

The booster pump will be turned on and off remotely from the control
room. The same signal that starts the pump will actuate the sol-
enoid operated valves P-15, P-16, and P-17 0 These will be inter-
locked so that when the pump is started, P-15 and P-17 open, and P-
16 closes simultaneously. When the pump is stopped, the valves op-
erate in a reverse manner.

Resin Protection Controls

Ion exchange resins used in this system can be continously operated
at a maximum temperature of 140 degrees F. Though the temperature
of the water leaving the coolers will normally be less than 140 de-
grees F, provisions are made to automatically prevent resins from
being damaged due to equipment failures, operator errors, or abnor-
mally high temperatures in the condensate going to the coolers.

A temperature sensing element located in the outlet line next to the
stand-by cooler, will give a continous temperature reading in the
control room.

When the temperature exceeds 140 degrees F by a pre-determined
amount, the valve P-36 will open, and there will be an alarm on the
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plant annunciator. This valve will permit cooling tower water, from
the already operating auxiliary circulating pump, to flow through the
stand-by cooler. The valve can be intentionally shut remotely from
the control room.

Should the above procedure fail to take place automatically, and the
temperature continues to rise, then at some pre-determined temp-
erature above the first set point, a second temperature element (in
approximately the same location) will cause valve P-37 to close.
At this point, the flash tank controls will shut down the system.

Flow Meter

A flow meter will be installed in the line between the after-filters
and the main condenser. Continous flow indication through this
section will be observed on an indicator in the control room.

No. 2 Feedwater Heater Valve Interlock

Steam from the flash tank, during normal plant operation, will flow
directly into the second feedwater heater, where it will be condensed.
In case condensate flow through the cooler is insufficient for con-
densing purposes, flash tank steam will have to be routed to the
main condenser.

A system of interlocks will handle this operation automatically.
Valves P-47 and P-48 will be interlocked with extraction valve S-10
so that when S-10 is open, P-48 is also open and P-47 is closed.
Conversely, when S-10 is closed, P-48 is also closed and P-47 is
open. This will be properly sequenced so that steam flow from the
tank is essentially uninterrupted.

P-47 and P-48 will be solenoid operated stop valves.

When there is no steam flow from the flash tank, and the steam line
is at condenser vacuum, valve P-47 can remain open.

Hand Operated Valves

Practically all remaining valves will be hand operated, either dir-
rectly or through reach-rods extending through concrete shielding.
This includes valves: P-18, 19, 20, 21, 22, 27, 28, 29, 30, 31, 25,
26, 38, 39, 40, 41, 42, 43, 44, 45, 32, 33, 34, and 35.

During normal operation, these valves will be either fully open or
fully closed.
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Filters and ion exchangers will be put on and taken off the line
with hand operated valves. Coolers will be isolated, by-passed,
put on the line, or taken off the line in the same way.

Future work in this area will consist of further simplification of
the control scheme, obtaining of more detailed information, and
substitution of some valves and circuits wherever further analysis
shows this to be necessary or desirable.

Work is also being done on the preliminary design and selection
of flow sensing devices.

Conductivity Meters

Conductivity cells will be provided in the system before and after
the ion exchangers, with recorders in the control room.

5.7 Control Room Instruments and Panels

A list has been prepared of probable instruments and controls to
be displayed on the control panel in the control room. Also pre-
pared are sketches on the suggested control console and panel
arrangements, for purposes of assisting the architect-engineer in
designing the control room.
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6. REACTOR SAFEGUARDS

6.1 Safeguards Reports

Preliminary CRBR Report

Draft of the Preliminary Safeguards Report on the CRBR was
presented to the AEC for comment, on an unofficial basis, in
a meeting held at Chicago Operations on November 14, 1958.
The AEC suggested that more detail be included. Subsequent
revisions were begun and are presently about 65% complete.
The completed report is expected to be ready for submission
to the Division of Licensing and Regulation in the 1st quarter
of 1959.

Final Critical Facility Report

Work has started on the Final Safeguards Report for the Critical
Facility. This consists mainly of rewriting the Preliminary Safe-
guards Report to incorporate all of the design changes, and to in-
clude the proposed experimental program with its procedures. It
is expected that the Final Safeguards Report on the Critical Facility
will be completed soon.
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7. FEASIBILITY STUDIES

7.1 Nuclear Superheater Feasibility Study

Fuel Element Design

The superheater fuel element has been modified since the last
quarterly report0 The current design is shown in Figure 35.
The major added feature is the central tube. This tube serves
to increase the coolant velocity in the inner flow channel, and
will contain a burnable poison, probably boron carbide.

Performance-wise, this fuel element has a lower maximum sur-
face temperature and a slightly higher pressure drop.

The thermal behavior of the superheater fuel elements under
operating conditions is now being calculated. Results will en-
able more accurate determination of orificing requirements in
the various flow channels.

The ability of the superheater to dissipate heat without steam
flow has been calculated and the results are shown in Figure
36. These are reported as a percentage of superheater op-
erating power vs. maximum fuel element temperature.

It should be noted that these results are conservative in that
they do not account for mass transfer which may take place
in the steam.

Fuel Material

The literature survey on pre- and post- irradiation properties
of U0 2 - stainless steel cermets was continued. Preliminary
studies indicate that a satisfactory core life can be expected.
Some information has been compiled on what effect w/o U0 2 ,
particle size of U0 2 , and fabrication, will have on the rad-
iation stability of cermet fuels. However, more data of this
type is known to be in certain AEC reports now on order.

Thermal Resistance Test

The current test apparatus is shown in Figure 37. Changes
have been made to exclude the possibility of steam leakage into
the insulating gap, and also the possibility of buckling of the
tubes by thermal expansion.
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Experimental values for equivalent gap conductivity are essentially
in agreement with values already used in superheater fuel element
calculations. A final report of the results of this test is now
being written.

Air Flow Test

An air flow test is proposed to evaluate the flow characteristics
of the superheater fuel element. Optimum heat transfer strongly
depends on our ability to proportion the mass flow between the
three separate flow channels in each fuel element. The flow
proportions are determined primarily by orifices at the entrance
of the channels. A literature search has disclosed no information
useful in designing an orifice arrangement of the required geometry.

A test unit has been designed and test specifications written.

The hydraulic characteristics of spiral wire spacers, including the
effect of spacer pitch, will also be determined with the test
equipment.

Flow characteristics of abrupt flow-area changes in the entrance
and exit regions will be evaluated.

Since the properties of both air and steam are well known, it
should be possible to translate the results for air into steam be-
havior with fairly good accuracy. Further evaluation will be pos-
sible in the heat transfer loop.

Cooling Test

An apparatus to demonstrate the ability of the superheater fuel
element to dissipate after-glow heat has been designed. It is in-
tended to simulate CRBR start-up, when the superheater is dry
with no flow. The parameter which limits operation under such
conditions is maximum allowable fuel element temperature. The
data obtained from this test will be primarily the maximum fuel
element temperature as a function of power generation.

The electrically heated test section, shown in Figure 38, will be
installed in a pressure vessel where system temperatures and
pressures will be reproduced.
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FIG. 2
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FIG. 5 - TUBE NO. 3, Al-l% Ni ALLOY, SPUN T
OPENING WELDED WITH 4043 (AI-5% Si) ALLOY
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FIG. 6 - TUBE NO. 4, AI-1% N.i ALLOY, SPUN TO 1/32-INCH DIAMETER,
OPENING WELDED WITH X-8001 (AI-l% Ni)
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FIG. 7 - TUBE NO. 6, Al-1% Ni ALLOY, SPUN CLOSED

If

tL

FIG. 8 - TUBE NO. 7, AI-1% Ni ALLOY, SPUN CLOSED, 0.042-INCH
DRILLED HOLE CLOSED BY FUSION WELDING

FIG. 9 - TUBE NO. 10, TYPE 3003 ALLOY, SPUN CLOSED, SHOWING
CRACKS OR COLD SHUTS IN END CLOSURE
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FIG. 10 - INTERIOR VIEW OF VAPOR PLATING ASSEMBLY

FIG. 11 - ABRASION TEST CONTAINER (2 VIEWS)

-54-



/

/ /

a NMN AO 00 STBPIN- .z4 ?E m N

-I o s Ag _g _a_ ____

RANGE OF PiPi

IL

.. .. - -- ..- . -- - - 6OLERi FUEL E.LEMENT
EnACenn. tALUuM", NOZ.7LE.

NUCLjA PO -,

43-001-
A ,L

. OI0.D0A WU,- Col
A1tu0 

uM NSO0%\ M

.48 M04DO ALL FUFROO
ALUM1N lr we KOOr a i

Z- 90

H

I I

C I _ _ _ _ _ _ _ _

-- A LU . IA U M X 8 0 0 \

000 00O

O

i #

.oo

F UONUA 4COOI FUEL LEMENT 6OI
r9x RO3 -2 x2\8 5

x 

ou\ 

.LoO

-I- 9i-.

'I'!I

rD-

n r -

-FZ

o0 000
0000 000

"00000

000

TPMN01IO0& OF TA P%4TO gQ4AFL0oQ

04 pI

4A

*i

1^m

-- - ®

FIG. 12 BOILER FUEL ELEMENT, ALUMINUM NOZZLE

-55-

.4tii

DLTM\L QUICFS P.ELLLNSt 7N-NL0lt7-LE. EM.

1 \ ,i

0000 6 O

0 O O 0O O

SO O "" "

O" O O O

"-fit

a

J

LD E

O

O---- 
O
O

s

_

a

.n

_0WELS !OJM
SPACED.

oa J roo
0

--



n

FJH n1-s 430383
FI.1 RSUR-RPv LW O HE QI-AIEIN OF Th BOILE COR

- H56-



0

-I
.... .... . ... .

- - - . - - - - - - - - - - - - - L-.-I - - 1 - L I . 1 . . . . . .

0z
------- - - ---- -

1 -1

c

-n

0

z
0
'1

n

2
r

0

rn

z 85 43" 023. 83b



11 z - x x z z x x /z xx IIF VV

ll x - z -l x x e e xII zz 1 *

di

T~AT BR D%

1+7 1I
LEVEL

" 0o

M -

FLOOR LEVU.E

- -ao . w .~ S :d' iY' " i*ta

20 FT. P lT

FIG. 15 FUEL ELEMENT HANDLING FACILITY

UNLESS OTHERWISE NOTED
DIMENSIONS ARE IN INCNES ANGLES ___ _*FUELL E E .NTMACMINING TOLERANCES ARE:

DIMENSIONS UP TOG INCL. OVER 6 TO 34 INCL. OVER 34 _ _U__F_ __I__T

FRACTIONAL * *

DECIMAL a a
j - I -rea
- CsmadmtIaI - Prvperiy of

ALUS-CHALMIRS G. CO., Milwwuvs, Wis.

/VC/L (ER G E EFT. SIMILAR io, SCALE N.s. .:

-58-

cOc
SECT \O

ow
t

T

L

CNT \I ALk

A ERWATE.R

L.C NT S

! , 2 " -
1. . -I-- -14 --- -- . --. ---

FE= In--

xx xx X/ xx K

CJbc AE



TL-

--- - - -- -- - - - 16-0

-- ___ 9 -6"

b
1~

SUPPORT STAND

SUPER

CONTROL ROD GUIDE TUBE

BOILER ELEMENT

FIG. 16 CORE MOCK-UP

SIMULATED SECTION

HEATER ELEMENT

24

A

000CO
000 4

.r..

~AFF30IE--iF~ CORE
MOCK-UP

I NUCLEAR-POWER .. I
:oN~. 43- 5OO-6 3

CA

i

H
i

--- -- -

i



COA'\AMEt \lVESSEX waL--0.

_ _ _ 11 r

TBRNS FEFCA

0

/

II

P A L 5\) Po PT

S L) lC. fT UNO .

TIWASF ER CANT

C aSLE

SECTtot4X-X

FIG. 17 FUEL TRANSFER CHUTE, HORIZONTAL TYPE

FILL \AJ' TT A

VJE L X
f

Tu F\1 E ROOMW\

BOTTOM OF PooL4
BEEMENT FLOORS

UNLESS OTHERWISE NOTED
DIMENSIONS ARE IN INCHES & AN~wsL FUEL..TRAN F E .k TE
MACHN IN TOLERANES ARE:ANE

DIMENSIONS UP TO 6 INCL. OVER 6 TO 14 INCL. OVER =4

FRACTIONAL * * * AA 4T &T -
DECIMAL * * 2

- Ceefdenliel - Prprlty of
ALUs-CHALMIS MG. CO., Mfwuukm, Wi.

0t 43- 4 E T. SIMILAR TO: SCALE l. a

TEDR' A PP6 EP 4 - E-2

..

-F--19
a

LL

FVEL S-To c E POOL

GPE T\, CA.ALE.

PULLED

SN\EL.D TRMEEI POOL

\0,, .S NEO*3GPIPE

l4 ExP ANS\ON30\%3



CONTROL ROD DRIVES

THERMAL INSULATION

FLANGE BOLTING---_

MIST ELIMINATOR

LIQUID LEVEL

NEUTRON BEAM
TUBE

FEEDWATER

DISTRIBUTION
RING

RECIRCULATION WATER
PIPING OUTLET (3)

I

489F

a 86Fr
620 PSIA
20000 GPMIV/ HR

LEGEND

STEAM FEED
WATER

RECIRCULATED
REACTOR

WATER

REACTOR
SECTION

NUCLEAR PowE - 4- -

"IN-122-5843-OOI-35G

489F
615 PSIA CONTROL RODS

-STEAM BAFFLE PLATE

LIQUID LEVEL

COLUMN CONNECTION &
THERMOCOGJPEE EXIT

CONTROL ROD

GUIDE TUBES

I

SUPERHEATER
REGION

TEAM SEPARATOR'

LIQUID LEVEL
COLUMN CONNECTION

REACTOR VESSEL

BC
SU

-SU

SU

VE

LU

---- FEEDWATE
S360EF

650 PSIA

RECIRCULATION WATER
PIPING INLET (3)

DILER FUEL
JPPORT PLATE

JPERHEATER FUEL
JPPORT PLATE

SSEL SUPPORT

JGS

R PIPE

I -T \,u 1 r.I

555 IQLH
6!QU00 /HR

haG 1 REACTOR SETh

'- --

y

"

i
1

\I

c r I ,,

"' ' 'b'' '

i

__ ,
i--

--

. -



TYPICAL CROSS SECTION

HOHOLDING NUT

G

Courtesy BACH INDUSTRIES, INC.
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CRANFORD, N. J.

FIG. 19 TYPICAL CROSS-SECTION OF HYDRAULIC BOLT TENSIONER
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FIG. 25- TENSILE BAR OF STAINLESS STEEL WITH 2% NATURAL BORON,
SHOWING WHERE BREAK OCCURRED

i

FIG. 26 - TENSILE BAR OF STAINLESS STEEL WITH 2% NATURAL BORON,
SHOWING BREAK SURFACES
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