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usefulness of the information contained in this report, or
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INTRODUCTION

The AEC-Consumers High Power Density R & D Program has been in progress since
February 1960, with the fuel development portion starting at that time,
followed in April with the initiation of the remainder of the program. Fuel
-design and fabrication has proceeded essentially en schedule, while irradiation
and examination ﬁhases have lagged due to the recent zgzg_operating history.

It is expected that with the ﬁresently enticipeted VBWR operation schedule,
outlined elsewhere in this report; further irradiation program delays should
be insignificantlaﬁ& the overall progress'of the develophent ﬁork will proceed
unimpaired. Thisleffprt canlbe described by'the following'outline of the

- major tasks and their objectiﬁes, whose pregress‘is summarized and detailed}in

this report.. .

1. Task IA - High Power Density Fuel Development
This task will évaluate the feasibility and theé performance of a partial
reactor core operating in the nyg’gt high'power density and utilizing

fuel elements manufactured fro& avallable fabricating processes.

2. 'Task IB - Fuel Fabrication Development

Design, fabrication, irrédiation and examination of high power density
fuel elements with potentially low fabrication costs is the objective of

this task.

3. Task II - Stabllity and Heat Transfer Development

This task will evaluate analytically and by test the transient behavior
and stability characteristics of the Consumers Big Rock Reactor, and will
T T T T e

determine by test the heat transfer and fluid flow characteristics of the

core, using elements simulating core characteristics.

kel
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Task III - Physics Development

This task involves the physics eva_luation of control requirements and hot
spot reduction; the physics and engineering conceptual design of a 300 Mwe
high power density reactor; and the physics and engineering required to

deslign; procure and put into operation a computer for scheduling control.

Task IV - Operational Planning and Test Coordination

The coordination of the R & D program between tasks, with Design
Engineering, and with the AEC and Consumers is a major function of this

task, as is the design of tests and the procurement of instrumentation.

«Da



SUMMARY

The fourth quarter of effort applied to the Consizmers R & D Program is

sumarized by Task in the following.

Task TA - High Power Density‘ Fuel Development

1.

2.

Twenty-=two of +the twentyafour high power density VBWR fuel assemblies

. accumulated approximately 400 MWD/T exposure during the reporting period.

Eleven fuel assemblies were inspected af'ber eecurmlating this exposure,
and were observed to be in gocd conditiono

Two instrumented fuel assemblies were completely fabricated and the
instrumentation calibrated in an out«%ofnreac't;or flow facility at cold, Q
hot;, and boiling conditions. They are nowready for ineer;tion in VBWR.
Record;.ng, indicating, and control inei;nmentation aesociated with the
instrumented essemblies was completed and laﬁora.tory checked. This
includes the "backflow" system used in: conjunction with the ;_:ressure
sensors. ‘
Preparations to insta.ll“the instnmented assembly eciuipment in the VBWRA
enclosure and control room are a‘oout 60% cdﬁplete and .will be finished
by about May l. Signal cables, enclosure penetration, guick disconnect'

and seal connectors are complete and installed.

Task IB - Fuel Fabrication Development

1.

A final rolling run was performed with good success for the purpose of
produeing a tandem rolled fuel bundle for irradiation testing. No ‘ﬁxrther_
work oo the tandem rolling process is presex;tly i)lanned. '

Swaging parameters have been establislred for milti-pass cold swaging of
10 mil, 12 mil, end 15 mil thick stainless steel clad fuel ro&s. Fuel
assembly 2s was fabricated using these cold swaging techniques. Fuel rod

densities of 92% *1% were achieved.



Fuel assembly 1S was completed, fabricated by swaged pellet techniques

established for 12 mil thick stainless steel cladding and simulated un-
ground pellets. |

Inspection of pu.rposely defeé:’ced powder cémpa.cted fuel specimens after

570 hours of erosion flow testing was comp]e ted. Results of visual
examination indicated that only small amounts of UO had been eroded.

The work on vibra.tory compacted fuel rods was devoted to the study of
binary and ternary fused Uo powdezl' mixes. Relationships were established
between the dens:l.ty of filled rods a.nd composition of various binary and
ternary mixes, using fused 3.5% enriched UO,. As a result of using this
material, a large sensitivity of the syStém to ‘002 particle size and

shape and rod size has been shown to exist.

Manufacture of‘ drawn cup type f‘uel;z;od end plugs has demonstrated that

a unit cost of approximately Ug each is péssible, Mechanical and
corrosion testing of cup type end ﬁiuge has been compietely satisfactory.
Design is complete on ten of the t\}elve; special HPD-VBWR fuel assemblies.
Two of these assemblies have been fabricated a.nd delivered for VBWR irradi-
ation testing. | |
A series of vibration tests on a. 36 rod Consumers type elem;ent have
indicated less than .00L" vibraticn emplitude of the instrumented rod in
rated operating flow comditions.of .'stea,m and water. By varying the spacer

configuration, displacements up to .007" were observed.

Task II - Stability, Heat Transfer and Fluid Flow

1.

- The 50 MW Big Rock Reactor, for operation at rated conditions, has been
‘analyzed and found to be stable. Both the hydrodynamic analysis and the

reactor-recircula.tion loop a.ne.lyeis indicate substantial stability margins
based on norma.l feedback a,na.lysis criteria.

-l



2. .

|
FZde .~etability end pressure-drop tests were completed on the i'a_._'i»;';wate.r.
flow facility simulating the core, reactor head, riser's‘ahc'l' éﬁé;:z} drum.
Baffles placed sbove the core have beeﬁ investigate'q.} té’}':'s“el‘.ﬁetc‘:‘t' the best
means of minimizing non-uniform distrib{xtién and slug-flow' éffé’éf;-‘. |
The out-of-reactor heat transfer test section is now under’ construction

and :Ls scheduled to go into operation in June.

Task III - Physics Development

1.

2.

Further one=dimensional studles have been ‘made to investigate locq.—l power
flattening through reductions in enrichment near water’gapéo ."Ihei time
dependent effect of burnup is to increase slightly with'timé the relative
power in the fuel rods adjacent to the gap. A more important burnup effect
can result from the iocal perturbations of :i.nser'bed control rods; increasing
the local peaking factor by 10% for the. case studied.

Studies of gross radial power distridbution indicate that proper radiel
distribution of partially dburned fuel can produce desirable radial power |
shapes. Ultimately, calculations of time dependent powé;' distribution

must reflect the actusl three-dimensional né,ture of° the operating reactor.
'Ihe'phyeics analysis of the reactor core for a large 300 MWe high power
density conceptual design has been coxglpleted and & réport issued (GEAP 3649).
A topicel report is now being prepared for issuance descfibiné the pre's'ent- :
status of the efforts involving the scheduling computer. ﬁ‘ncéntives for

the computer heve been investigated and the 'bas:!.c functiom to be performed

have been defined and equations writ‘cen. 'I‘hese studies will next be refined
' and utilized in the formulation of speciﬁcations for the procurement of the
scheduling computer. Two importan‘t results of the availability of such a

computer during reactor operation will be to maximize fuel burnup and to

permit safe operation closer to burmout and other limits.
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Task IV Operationa.l Planning a,nd Coordination

1.

Procurement of instrumentation and test facilities associa'bed with the
instrumented assemblies for VBWR is 95% complete through this qnarter.
Requirements imposed on Design Engineering to assure R & D program f‘ulﬁll-
ment were reviewed regularly. Safety valve requirements were established
for the range of operating pressures anticipated_. |

The Third Quarterly Progress Report, 'GEAP 3632, two monthly reports, and
the reqﬁired task descriptions and cost estimates for AEC Form 189 were
prepared and issued. |

A topical report, "The Design and Fabrication of High Power Density

Fuel Assemblies for VBWR Irradiation Testing, " GEAP 3609, by J. W.
Lingafelter and W. D. Fowler, was issued during this quarter., Two

additional reports were prepared for issuance subject to AEC approval.
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TASK IA - HIGH POWER DENSITY FUEL DEVELOPMENT

TASK OBJECTIVE

A partial core consisting of 24 high power4density fuelvelements'designed
and fabricgted by existing manufacturing processes will be irradiated in
VBWR to study its performance and explore its feasibility. The effect

of variations in structure, geometfy,'fabricating processes and mechanical
features wiil be evaluated in terms of operation of 90 kw/l average

power density to 10,000 MWD/T average exposﬁre. Instrumented assemblies
capable of measuring flow, temperature, pressure drop, and f;ux level

will be utilized.

FUEL IRRADIATION

The twenty-two high power density VBWR fuél asseﬁblies have accumilated a
total exposure of approximately hOé MWD/f to date. Puel exposure has been
limited to this low value due to reactor 6gtages in excess of what
originally had been anticipated. The VBWR has been down during March, and

presently 1s scheduled to resume operation inuApril.'

INSPECTION OF TASK IA FUEL ASSEMBLIES

During the péfiod February 20 to March 10, 1961, the following Task IA

assemblies were inspected and the following observations were made. All

Inspections were performed in the VBWR fuel storage building using the 1X

and 5X periscope.

Assemblies 2-101 end 2-102 (1A and 2A) - These assemblies were inspected and
no demage or defects were noted. Welds on the tie plates and fuel rods were
in good condition, the spécer was in place,and the exterior of the rods

appeared to have a uniform coating of oxidation. lBundle 2-102 had what

..-,'?T-



- appeared to be a 1/16™ diameter dent on rod #557 imedi—ately below the

spacer location.

Assembly 2-108 (4C) - Spacer was cocked slightly from a horizontal plane but

the assembly is in good cond:l.*t:ioﬂ° No cdrrective’ action was néces'saxy.
Assembly 2-111 (3D) - Excellent condition.

Assemblies 2-113 (1E), 2-11h (eE), 2=-IL15} (_3E), and 2-117 (5E) - were
visually inspected for broken Atié wires and néne were broken. In observing
these assemblies (without usé of the periscope ), they all appeared to be in

good condition. ;

Assembly 2-116 (LE prototype) - Cne spacer tie wire was broken; otherwise

the assembly was in good condition. The tie wire has been replaced remotely.

Assembly 2-119 (1F prototype) - One spacer tie wire was brc;ken for the

second time, otherwise the assembly was in good conditien. This tie wire

has been replaced and the assembly is acceptable for further irradiation.

On March 18, 1961, subsequent to 'bh:e tie wire replacement, the assembly was
inadvertently dropped from a height of apbroximately 10 feet, in water;

during handling operations in the VBWR spent fuel pit. A visual inspection

of the assembly was performed and it did not appear to have suffered any
deformation or scratching of fuel rods as a result of its fall. The assembly
was then trial fitted in a cha.nnel’to determine if the tie plates had been
distorted. The assembly went into the chammel in a normal fashion. This

assembly will be placed in the core for further irradiatiom.

Assembly 2-123 (3G) - This assembly vas inspected because a report that a

lead brick had been accidentally dropped -in the spent fuel pit, and it came

8-



to rest in ‘the fuel étorégelrack aqjaCent to 2-123 Ana a control rod. Lead
scrappings were preseht on the spiral pin that holds the extension handle to
the top tie plate. No effects were noted on the fuei rods, tie'plafeg,'or
spacer. The fuel assembly was trial fitted in a channel without trouble. It
can only be surmised that assembly 2—123'did not receive the full impact of
the brick. The assembly will receive further irradiation at the next

VBWR startup.
Assembly 2-124 (4G) - Excellent condition.

INSTRUMENTED ASSEMBLIES

Instrumented assemblies 2-118 (6E) Aand 2-120 (2F) are 95% complete. The
remaining work to be completed on the two assemblies 1s the addition of the
signal cable flexible léaduwire tfansitions. These transitions convert the
existing mineral insulated stainless steel sheathed signal cables into

flexible insulated signal cables.

Instrumented Assembly 2-118 (6E) - This assembly contains the short (3') fuel

. rods and incorporates inlet and outlet flowmeters. Figures 1 through 6 are

photographs at varlous stages of:assembly and show the several sensors

incorporated.

The oyerall instrumented assembly fuel, components, and sensors are illustrated
in Figure 1. Tﬁe lower flowmeter housing and nosepiece are shown at the right.
Above this piece fits the fuel assembly, shown with four corner rods, the
center inslrument lead tube, the tie-plates, and the wire spacers. On the
table just below are the in-core ion chémbers to be placed at quafter points
slong the fuel bundle. The partsvat the right include the lower thermocouple

assembly and the lower pressure tap. To the left end of the assembly is



’

shown the upper flowmeter housing with a pressure tap protruding toward the
fuel and the upper three-thermocouple assembly in place. The completed

assembly 1s housed in the channel shbwn‘at the bottom of the picture.

Figures 2, 3, and 4 show greater detail of the lower portion of this
assembly. Figure 2 illustrates the unassembléd channel, nosepiece, thermo-
couple assembly, flowmetef, fuel bupdle, thermocouple and pressure sensof
assembly, and the.floﬁmeter pickup coil. Figures 3 and 4 picture the
assembled components close-up. -Figures>5‘and 6 show tﬁe partially
assembled upper flowmeter, fuel bundlé, pressure taps, and thermocouples.

The fuel hanger brackets are also visible.

Instrumented Assembly 2-120 (2F) - This assembly contains long (about 5')
fuel elements, the upper porﬁion not containing active fuel, to more nearly
simulate the configuration of Big Rock Reaétor fuel. Except for the upper
flowmeter and pickup coil, this assembly contains the same instrumentation
as 2-118. Figures 2, 3, and L, therefore, are representative of this

assembly also.

The overall, partially assembled bundie.is shown in Figure T, indicating

the long fuel assembly and the upper fuel hanger. The one-half inch hollow
center rod houses £hree.neutron flux sensors at quarter points along the
éctive fuel region. Figure 8 illustrates the outlet thermocouples, transition

housing, and sensor signal leads.

Ceneral Instrument Assembly Details - Outwardly the two instrumented fuel
'assembliés appear identical and, for instailation purposes, have exactly.the
same physical outside dimensions. A completed instrumented assembly is
shown in Figﬁre 9. Specific details of the upper fuel assembly, subh as the

hold down. clamp, rigging support bar, disassembly bolts and signal cable

«]10=



FIGURE 2 - LOWER PORTION OF PARTIALLY ASSEMBLED ELEMENT 2-118



FIGURE 4 - FLOW SENSOR PICKUP COIL AND LOWER END OF ASSEMBLY 2-118



FIGURE 6 - PARTIAL ASSEMBLY VIEW OF FUEL BUNDLE AND UPPER FLOWMETER - ASSEMBLY 2-118



FIGURE 7 - PARTIALLY ASSEMBLED INSTRUMENTED ASSEMBLY 2-120 (2F)

ey
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FIGURE 8 - TOP OF PARTLY ASSEMBLED BUNDLE 2-120

FIGURE 9 - COMPLETED INSTRUMENTED ASSEMBLY



FIGURE'II - TP VIEW OF INSTRUMENTED ASSEMBLY IN CALIBRATION FACILITY




FIGURE 13 - REACTOR VESSEL PENETRATION PLUG SHOWING PRESSURE SEAL
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FIGURE 14 - COMPLETED INSTRUMENTED ASSEMBLY AND INSTRUMENT CABLE



FIGURE 15 - CONTROL ROOM INSTRUMENT PANELS FOR INSTRUMENTED ASSEMBLIES
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FIGURE 16 - REACTOR ENCLOSURE INSTRUMENT PANELS FOR INSTRUMENTED ASSEMBLIES



protection Rex-Flex sheath are illustrated in Figures 10 and 11, the

latter showing the assembly located in the calibration test facility.

Reactor vessel penetration is accomplished with the seal plug shown in

Figures 12 and 13. The small steal "O" ring shown in Figure 13 acts as

the pressure seal for each specific assembly; the plug being illustrated

inside a larger calibration assembly flange.

A completed assembly is shown in Figure 14. This picture illustrates
the instrumented assembly, signal cable -protection sheath, flange

penetration plug and the measuring sensor signal leads.

Instrumentation Monitoring System - The readout and recording instru-

mentation cubicles for the control room and reactor enclosure are 100%
compiete, Control room and reactor enclosure modifications to permit
installation of the panels is 60% complete. Reactor enclosure signal
cable penetration,connectors and cables .are installed and pulled through

to the control rcom panel location and to the enclosure panel location.

A. Control Room Instrument Panels
Four-instrument cubicles, as shown in Figure 15, house the measuring
and monitcring equipment for the inétrumented assemblies. Panel
No. 1 on the right is the flow monitoring panel. Panel No. 2 1s the
temperatﬁre monitoring panel. Panel No. 3 is the differential
pressure and neutron flux monitoring panel. Panel No. 4 is the
transient data recording panel. |

B. Reactor Enclosure Instrument Panels
Three instrument cubicles, as shown in'Figure‘l6, house the pressure

sensing detectors, pressure tap back flow controls and the instru-

mented asseﬁbly enclosure electrical signal junctionms.
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The gréﬁﬁié panel layout of thé back-flow system and the differential
pfeSSute measuring system is sectionalized for éach instrumented
assemblj. The différential'preséﬁfé measuring transducers are located -
in the lower half éf the center panel. Each of the‘other panels contain
individual instrumented assembly back-flow méésﬁring and flow control
valves and piping. The panel on the right‘side serves a dual purpose
and provides the electrical Juhction terminals for the comnection of

the instrument assembly signal leads to the control room inter-

conmection cables.

Instrumented Assembly Cglibration - Each of the instruﬁented assenblies
"were installed in the heat transfer andufluid flow tesf loop for cold,
hot (single phase) and hot (two-phase) flow measuring system calibratioms.
Differential pressure drop data were recorded from both manometers and
the instrumented assembly differential pressure measuring equipment.
A. Cold Water Calibration
A cold water flow calibration was performea to checklthe flow loop
reference 2.175" orifice. .The orifice calibration at reference
temperature of 75°F was performed with the instrumented assembly
2-118 in series with the orifice. Orifice coefficients and instru-
mented assenmbly flowmeter date were reduced and plotted (Figure 17,
curve for 75°F) for reference use. This data plot indicgtes the mass
flow in pounds per hour versus the flowmeter indication in gallons per
minute at 75°F.
B. Hot Water Calibration
Hot water single-phase flow calibration runs were performed utilizing
the 2,175" reference orifice. The orifice coefficients were Reynolds

number corrected for 545°F hot water. Hot water flowing at SL5CF
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{ \
and pressures in excess of 1000 psia with mass rates in pounds per hour,

 were recorded and plotted (Figure 17, Curve 5450F) versﬁs instrumented

assembly flow rates in galions per minute.
C. Two-Fhase Flow Calibration

Hot water two-phase flow calibration runs were ﬁerfornwd.to establish the
measured instrumented assembly flow at various two-phase flow conditions.
Established loop conditions of power input, flow rate in pounds per
hour referenced to the loop orifice, temperature, and pressure permitted
é specific quality to be maintained fof each'two-phase run. These
two-~-phase flow data in pounds per hour:versus flowmeter indications were .
recorded and plotted, Figure 18; A direct readout of pounds per hour
of steam, quality of the mass flgﬁ, and average power generated in the
instrumented fuel assembly may be obtained by utilizing the plotted

dats and the inlet and outlet flow meter indications.

Instrumented fuel assembly éensors and readout equipment characteristics
are described and tabulated below. Each of the measuring and monitoring
systems have been calibrated agaiﬁst laboratory standards and, as: indicated.
above, the flow measuring and the pressure drop system ﬁere calibrated -
experimentally in a test loop. Individual sensors and systems are a) flow
measuring system, b) differentisl pressure measuring system, c) temperature

nmeasuring system, d) neutron flux measuring system and e) transient or

_ continuous data monitoring system. Table I reflects manufacturers' sensor and

equipment data, laboratory calibration checks, laboratory response tests,

test loop calibration checks, and conservative theoretical calculatioms.
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FIGURE 18 |
STEAM MASS RATE VS. POTTER METER INDICATION
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a)

a)

System

Flow Meesuring

System

‘Differential

Pressure System

Temperature -

System

Neutron 'Flux

"~ System

“"Transient
~System

Téﬁle I - Sensor and Readout Characteristiés

‘Recorders

SENSOR
e — Response
Potter Z .2 Sec.
Turoine
- Pace =z .1 Sec.
Reluctance
Thermoelectric =3 2 Sec.
c/A T.C.
APED = ..1 Sec.
"AL—U235 ) -
Jon .Chambers
L &N s .75 Sec.

.Overall

READ-OUT SYSTEM System
Type Range esolution Response Accuracy
Potter A)0-200 gmp + 1% 1.0 Sec. A+ 1.5%
Integrator T '
"L &N B)0-400 gmp + 1%
Recorder
Pace 3000. A)O-5 psid + 0.5% At 2.0%
Cycles
per Sec.
Bristol M.P. B)O-1 psid * 0.5%
Recorder
Pace REF A)500-800°F + 0.3%
‘Junction .
At 2.5%
Bristol M.P. B)0-300°F +0.3%
Recorder
APED A)2 x 10 o
Resistance "2 x 1012
Network = £10-20% *
'B)2 x 1012 to + 0.5%
2 x 1013
Bristol M.P. C)2 x 105 to At S wx
‘Recorder 2 x lOlh
L&N 0-7MV + 0.5% ~t 0.5% %%
.Recorders 0 - 100 .

% Best theoretical accuracy as caiculated compared to wire irradiation to determine absolute neutron flux.

%% Relative accuracy of system basel on wire calibration data to establish reference factors. for each ion chamber.’

“¥¥% Accuracy to be maintained, by transient recordéer system, of sensor variable signal being monitored.
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TASK IB - FUEL FABRICATION DEVELOPMENT

1. TASK OBJECTIVE

The purpose of Task IB is to study the performance in VBWRAand in the
Consumers Big»Rock feactof of fuel assemblies which hold promise of
having réduced fuel febrication gosts, long fuel life, and high power
density. Approximately twelve fuel assemblies'utilizing\potential low
- T cost fabrication proceéses will be designed, fabric¢ated, and irradiated

in_the VBWR.

The work under Task IB will include investigations of potential reduced-

cost fuel element fabrication processes and design; fabrication,.irradia-
. tion, examination, and performance evaluation of the assemblies. Also

included is the mechanical vibration testing of a dummy fuel test section

similating the initial Consumers reference fuel.

2. CALROD TANDEM ROLLING

The rolling process used industrially to produce Calrod-type tubular
resistance heating elements is being investigated to determine its applica-
bility for fabricating rod-type fuel elementé¢ In the tandem rolling process,
a stainless-steel tube filled with fuseduranium dioxide is pa;sed through

a series-of tandem rolls to effect a dense packing of the 002 particles.
Inherént adventages Qf the rolling process are high volume of product,

- | size, flexibility, and adaptability to automation.

The objective of the lnvestigation is to determine the effects of processing
variables on maximum attainable fuel rod density with the tandem rolling

process, and subsequently fabricate fuel rods for irradiation testing.
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The tandem rolling of fuel rods has been performed using a production
rolling mill hé,ving ten sets of roll pairs to effect a 35% reduction in

cross-sectional area of the fuel rod (Figure 19). .

Based on the results from five early hms with matural UO, fuel rods
(reported in 3rd Quarterly Report, GEAP 36325 , a final rolling run was
performed March 25 and April 1. The purpose of this run was to produce
fuel rods with enriched U0, for irradiation testing (for special fuel
assembly 3-S). _ Pertinent facts about the rolled enriched fuel rods are
tabulated in Table II.

Table II

TANDEM ROLLING DATA FOR ENRICHED FUEL RODS

Starting rod diameter . 0.502"
Starting rod length 30.50"
Starting tube wall thickness A 0.015"
U0, powder Spencer Fused Gre.de(l)
.U02 powder enrichment | 3.5%
Rolling rate _ 45 ft/min
Finished rod diameter 0. L4o2"
Finished rod length, avg. 38.25"
Nurber rods rolled 26
Density of rolled rods, % T.D. max. 89.6
Density of rolled rods, % T.D.,min. 87.8
Density of rolled rods, % T.D.,avg. 88.7
(1) Screen analysis: Mesh Size gL : Mesh size %2
8/10 : 35 T
10/14 16 38/65 4
14/20 25 65/100 3

20/28 - 16 ~100

w26



The fuei rédé‘were prepared and rolled in tﬁe following manner}

(1) Gut tubing to length (30.50").
(2) VJasﬁ, rinse, and dfy. V
(3) Weld collapsible-type end plug to one end.
(4) Load 650 grams 3.5% U0, to 30" (687% T.D.)
(5) Evacuate rods, backfill with helium

"~ (6) Weld collapsible-type end plug to second end
(7) Full length rod X-ray '
(8) Helium leak-check welds
(9) Roll to 0.400 diameter

(10) straighten

(11) Full length rod X-ray

(12) Helium leak check

Thé rods will be assembled into special fuel aséembly 3-S, whiqh is
scheduled for completion by April 15, 1961. :Quality fuel rods were
produced by the taﬁdem rolling procesé for irradlation testing. The
process, at present, does not appear éapable.of producing rolled rod U0,
densities over 90% T.D. Further work on tandem rolling will be limited,
but includes hot rolling MgO-filled saﬁples and cold rolling rods filled

with UO, loaded to 85% initial density.

3. SWAGED POWDER FUEL

The rotary swaglng process is beiné investigated for.fabricating dense

UO2 filled rod-type fuel elemehts. Iﬁe swaging process presently under
investigation employs a two-dle design. Future plans are to invesﬁigate
the use of a four-die design. in the swaging process, stalnless steel tube

filled with fused UO2 is passed through revolving split die (2 parts)



that oscillates back and forth radially while it rotates. This action pro-
duces a rapid series of hammer blows that éffect & dense paéking of the U0,

particles inside the tube.

Process development work is underway to determine swaging parameters necessary
to fabricate swaged fuel rods clad with 8, 10, 12, and 15-mil thick stainless

steel.

Swaging parameters have been established for multi-pass cold swaging of 10,
12, and 15-mil thick stainless steel clad fuel rods. Feed rate, die design,
- starting 002 particle size distribution have been established to cansis-

tantly produce fuel rods with UO, density from 92% to 9L4.

Fuel bundle 2-S (Figure 20) was fabricated by this swaging technique over
fused UQ,. Thirtééh of the rods are clad with 0.015" type 304 stainless

steel and 12 sre ciad with 0.010" type 30L stainless steel clad.

The UO2 particle siié distribution for all 25 rods is as follows:

gxléfLMesh Weight Per Cent
-6 +8 ' 9.0
S8 410 | 9.0
10 41k . 12.0
-1k +20 27.0
-20 +28 | 23-0
-28 +35 12.0
-35 +ui8 ‘ 3.0
-48 +65 2.0.
-65 +100 ' 1.0
-100 2.0
100.0



All rods were swaged from 1/2" 0.D. to 0.4" 0.D. in four passes. Swaged
- U0, densities range from 92% to 9L% of theoretical. Individual fuel rod

~densities are presented in Table III. -
"Work will start in April on establishing parameters for single pass cold
swaging 8 mil and 10 mil thick stainless steel clad fuel rods.

TABLE III

FUEL ROD DENSITIES IN ASSEMBLY 28

Rod No. : Clad Thickness, inches Density, % T.D.
.-:;—f- : 0.015 : 93.3
4 0.015 | 93.3
5 0.015 93.2
6 0.015 . 7 93.0
22 0.015 . ’ - 93.6
23 - 0.015 . 93.6
2l 0.015 | 93.4
25 | ) 0.015 A 93.4
27 0.015 93.6
29 0.015 - 93.8
30 | 0.015 ' . 93.6
3 | ' 0,015 _ 93.6
) Avg. 93.5
400 0.010 92.9
416 0.010 92.8
L24 0,010 . .92.6
Yo7 ‘ 0.010 | 93.0
430 0.010 92.1
43k 0.010 92.8
435 . 0.010 93.1



Table III (cont'd)

Rod No. Clad Thickness, inches Density, % T.D.
437 | 0.010 o ;a
439 ‘ 0.010 | 92.7
443 0.010. ' 92.3
455 - 0.010 923
456 0.010 ‘ | 92,6
476 | oo - 92:6

Mge 0 92.7

HOT SWAGING

‘One predicted problem in powder-compacted fuel rods is the possible efosipn
of the U0, particleé from g defected fuel rod by £he reac£or éoolant. A
solution to this prbblem would be to effect; by some meaﬁs, sintering of the
UO, particles. Hot working of the powder-compacted fuel fodsvis_one-gossiﬁle
means of eliminating the erosion problem. Sintering of the UQz“particles "

should be promoted by the hot working.

Work to date in hot swaging 6" long cold swage fuel rod,épecimens ﬁas demon-
étrated that 95% dehse fuel rods can be acpigved. Effort is currently being
directed toward investigating the effect of températurefand hot working on
clad physicalrand metallurgical properties. . Table Iv shows the effect of

temperature on the metallurgical structure of the clad.

| © Table IV
DENSYLTY AND CLAD CONDITION VS. SWAGING TEMPERATURE

Sample Swaging Rod Clad -

Ho. Terp. (°C) Density Condition

1 c00 _ 95.2 Sensitized

2 800 94.8 Sensitized ‘ A

3 900 ok.6 Slightly sensitized

Ly 900 94,6 Slightly sensitized
5 1000 95.8 Good

6 1100 95.3 : Targe grain size

T - 1200 95.3 - Large grain size
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Adverse metallﬁrgical ¢onditions are encountered in the c¢lad except when
swaging at 1000 ©C. Six samples were then swaged at 1000 ©C to‘fﬁrther
determine density and clad condition. Densities of the rods were 93.5,
9%.9, 95.4, 95.4, 95.4, and 95.6% of theoretical. Clad condition has not

yet been determined.

Construction of a furnace has been completed to accommodate heating 36"
long fuel rods for hot swaging, or thermal treatments of cold swaged rods.

This furnace uses natural gés as a heat source.

Vork on induction hot swaging fuel fods has started.. An induct;on coil has
been designed to fit immediately in front of the swaging die. Attempts to
hot swage 4O" long rods filled with MgO were successful.' Rods having a
starting MgO density of 86% T.D. were increased to 89% to 90% by hot swaging.
Design improvements are now underway to allow subsequent work to be done

with UO2 filled rods.

SWAGED PELLET FUEL

Loading ground pellets into tubes requires a minimum clad-pellet dlametrical
gap of 4 mils in order to prevent the pellets from catching or binding inside
the tube. Unground pellets would require even a lafger gap. Reduction of '
the pellet-clad gap 1s desirable both to increase the thermal performsnce

of the fuel rod and to prevent wrinkling of éﬁe clead (fhin clad) from reactor
coolant pressure. A program is underway tb investigafe swaging using nylon

dies as a method of reducing the as-loaded diametrical gap between pellet

and clad.

Process parameters have been established for swaging 6-mil and 12-mil thick

stainless steel clad fuel rods loaded with simulated unground pellets. Work
1s currently being conducted on fuel rods with 8-mil and 10-mil thick clad,
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which will be used for the swaging of assembly 6-S.

Fuel bundle 1-8 (Flgure 21) was fabricated by swaging over UO, pellets which

2
were centerless ground to simulate unground conditions, e.g., ground to a
normal frequency distribution between tolef;nce limits. Thirteen of the rods
contain pellets with a diameter tolerance of 110.005" and 12 rods4contain‘
pellets with é diameter tolerance of %0.003". The pellets are clad with

12 mil type 304 stainless steel.

PELLET PROCESS IMPROVEMENTS

The effort on reducing pellet fabrication costs by increasing pellet L/D

ratio and using a multiple cavity die is in production test stage.

In addition to the above work on reducing péllet fébrication costs; effort
of a survey natﬁre was initiated this month evaluating isostatic pressing,
explosive forming and‘hot pressing as techniéues.for fabricating low cost
U0, pellets or fuel rods. Facilities for investiggting these fabricaﬁing

2
processes are avallable should the survey indicate economic incentives.

"Hydraulicd' Pressure Equalizer - A device hes been designed to equalize the

pressure on the bottom punches when using multi-cavity dies. By this means
a more consistent green dsnsity should be poésible. The device as manu-
factured uses rubber as the "hydraulic" medium. Tests made with a Universal
Testing machine were 1nadeqﬁate to show quantitatively the pressure trans-
mission but indicatgd no damage to the rubbér under 10 tons of applied

load. A productidn test has been written té install ﬁhe device on one of

the production presses during the fabrication of the next production fuel

load in the pellet shop.

Increased L/D Pellets - A production test has been formulated to define the
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limits of length to diameter ratio which may be approached using the presenf

equipment. The test is scheduled for April..

Hot Pressing - Previous work has indicated that pellets of over 95% density

may be hot pressed at around 900 °c. Further work is planned to define cycle
time, die wear and pellet chemistry. A press suitable for hot preésing is
available in the Laboratory for these tests. A die has been designed and

ordered. Die delivery is expected in April.

Isostatic Pressing - A preliminary investigation has shown that good density

rods having sufficient green strength for:machining may be formed iso-
statically from pre-granulated ceramic gréde U0, powder without binder at
20,000 psi. Literature has been requested on automatic types of isostatic
presses to determine the feasibility of the method and the production

rates which may be expected.

Explosive Forming - Little or no information has been obtained on this

relatively new concept of powder compaction. It has been demonstrated that
high density compaction is possible but economic application does not appear
feasible. Information has been requested from those known to be doing work

in this field.

EROSION TESTING DEFECTED POWDER COMPACTED FUEL RODS

One conjectured prdblém in powder compacted. fuel rods is the possible erosion

of the U'O2 particles from a clad defect (hole or split) in a fuel rod.

'Erosion flow tests are being conducted on purposely defected powder compacted

fuel rod samples to determine the relative "erosion characteristics" of

various types of fuel.

Sixteen 3" long defected, powder compacted fuel rod specimens were prepared



for a 1000 hour erosion flow test, which started f‘ebruary 28. 'Samplevs
of fuel rods made by: 1) cold swaging, 2) ,ﬁo’c swaging, and 3) cold swaging
followed by a post-swage heat treatment for 1 hour and 1100 °C, are being
tested. Each fuel specimen contains a singlé longitudinal slét, 1/4" to
1" long, 0.020" wide, and deep enough to Just break through the clad and

- expose UO2° Table V shows the various fuei. types being tested and the
test conditions:

ot . Table V

EROSION . SPECIMEN IDENTIFICATION
B Sample Febrication Slot
No. Method Length Position in Loop
1 Hot Swage : i 535°F water, ~ 7 £ps
2 Cold Swage +Heat Treated 1/2" 535°F water, ~ T fps
3 Cold Swage 1/2" 535°F water, ~ 7 fps
4 Hot Swage | 1/e" 535°F water, ~ T fps
5 Cold Swage+ Heat Treated 1/2" 53§°F water, ~7 fps
(CaO additive) :
- 6 Cold Swage 1/4" 535°F water, ~7 fps
T Cold Swage +Heat Treated 1/4" | 5350F water, _ T fps
i (T10 additive)-
f 8 Hot Swage /4" 535°F water, ~_ 7 £ps
9 Hot Swage " 54L5OF water steam, ~10 fps
10 bold Swage + Heat Treated 1/2" 545CF steam water, ~ 10 fps
- 11 Cold Swage 1/2" 5450F steam water, ~ 10 fps
; 12 Hot Swage ‘ 1/2" 545°F steam water, ~» 10 fps
- 13 Cold Swage+ Heat Treated l/ 2" . 545°F steam water, ~ 10 fps
, 1l Co](.g.acs)v)fa.ge 1/4" 545CF steam water, ~. 10 fps
; 15 C;;old Swe.ge-i—Heat Treated 1/4" S45OF steam water, .10 fps
16 Hof(,T.jé?nz.ge ' 1/4" . 5U5°F steam water,~ 10 fps

The 1000 hour test was interrupted March 23, 1961, after 570 \hours of

:  ‘pqntinﬁous' flow due to the necessity to shut down the flow loop for reasons
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FIGURE 22 - EROSION SAMPLES AFTER 570 HOURS IN 5350 F FLOWING WATER
(SAMPLE NOS. IDENTIFIED IN TABLE V)

FIGURE 23 - EROSION SAMPLES AFTER 570 HOURS IN 545°F FLOWING STEAM AND WATER
(SAMPLE NOS. IDENTIFIED IN TABLE V)



not associatéd with the test.. Eight §ampleé were §isually inspected undér
20Xfmagnification..}These samples are“shown in Figuies 22 and 23. No sié-
q}ficant erosion of U’O2 out of the samples waa—obsefved. Time was inéufficient
to permit weiéhing the sampies. The samples;were replacéd the same day, and
the test ie continuing. Scheduled shut down : for completion of the 1000 hour
test is April 11, 1961. A second 1000 hour test is. planned using scme of

the first 1000 hour test samples plus Vibratoty compacted . samples.

VIBRATORY COMPACTED FUEL

Vibratory compaction is receiving considerable attention throughout the
country as a method of producing anffilled fuel elements. In the vibrathy
compaction process, fused UO, particles are loaded'into a tube and sub-
sequently sonically vibrated to effect dense packing of the UOé‘particles.
Vibratory compaction is under investigation using an MB electrodynamic unit
to determine techniques and establish parameters required to paék U’O2 to

high densities (greater than 90% T.D.)

" The primary effort during this period has been to study many binary and

ternary systems composed of coarse, meaium, and f;ﬁe particles of U02,
vibrate these mixtures,for precise lengths of_tiﬁe_at fixed sonic energies,
and then calculate the density achieved for‘the particular mixture. Although
high density is the goal of this work, more emphasis was placed on mapping
out ihe density-composition than in achieving high density. The knowledge
gained by these studies will make précess coﬁtrol more attainable. Simple
three particle size mixes studied are capable 6f about 83% of theoreticél

density. "Broad-banded" mixes appear necessary to achieve densities above

90%.

One hundred twenty-five different compositions were vibrated in 0.400" I.D.
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Stainless steel tubing in this period covefing the range from single

particle sizes to broad mixtures, simple binary systems, simple ternary

systems, and as-receivea powder. A brief summary of results follows:'

1. Single sieve éizes range from 53% T.D. for +6 material to a.maximum
of 58% T.D. for 10/14 mesh.

2, Simple binaries range from 47% T.D. for a mixture of 3/6 and 6/8 to
T773% T.D. for one third - 325 with two thirds 10/1k.

3. Ternary mixtures yield 75% to 78% T.D. for & large range of particle
mixtures and a smaller number of composifions yield over 80%° Cne
small peak occurs at 83% T.D. for 54 w/o of 6/8, 28 w/o of 35/48, and
18 w/o of 270/325° Other ternaries'rémain to be studied.

4. The same mixture as used by Hanford for 90% T.D. U0, packing in
0.505 I.D. tubing was used for 3.5% UO, powder and in 0.400" I.D.
‘stainless steel tubing. This mixture yielded 86% T.D. One of our

mixtures gave 86.5% T.D. Table VI shows the two mixes.

Table VI :
VIBRATORY COMPOSITION DENSITY COMPOSITION
APED (86.5% T.D.) HAPO (86% T.D.)
UO, Particle Size Welght Per Cent UO, Particle Size Weight Per Cent
6/8 mesh 459 6/10 mesh 55%
8/20 mesh 15% 1/20 mesh 124
35/65 mesh 25% 35/65 .mesh 1214 -
-325 mesh - 15% 200 mesh . 209

These data discussed above afe plotted in graphical form as shown in

Figures 24, 25, 26, and 27.

Figure 24: Binary mixtures of various mesh sizes added to 10/14 mesh in

different proportions showing high specificity and sensitivity to composition.
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THEORETICAL DENSITIES OF THE BINARY SYSTEM, 10/14
MESH WITH VARIGUS PERCENTS OF SMALLER SIZE PARTICLES.
SPENCER 35% Upzs ARC-FUSED MATERIAL.
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Figure 25: Ternary plbt of narrowly defined.coarse, medium and fine,

showing densities as packed in a standard 8g, 3 min. f£ill and vibration.

Figure 26: A few of the same points aé above after 1 min. at 30 g's which
causes powder attrition and change of composition. Note that the mix whiéh
gave highest d;nsity as poured under low g without attrition did not
necéssafily result in the highest density aftef wofking; Thus, 1t is more
essential to find that mix which will move to the ultimate composition - -

under vibration.

Figure 27: Térnary plot of a more practical mix actually composed of about

8 or 9 sieve sizes arbitrarily divided into:3 groups of coarse, medium,

and fine.

Interest also lies in achieving many mixes which will yield about 85%
density, since this is about the level required for one pass swaging.
Real difficulty lies in analyzing the resulté offother than ternary
mixtures because of the l;ck of ways to adequately graph the results and

thus guide the direction of motion.

MECHANICAL DESIGN

End Plugs - Drawn cup type end plugs have been fabricated in the Equipment

' Shop at the rate of 100 finished pieces per minute. As a result, economic

feasibility of this process is definiteLy establishe@ at less than $0.05
per finished part. Corrosion specimens are still in a BWR envircnment, but
macroscopic inépection after 1000 hours indicéted the end plugs and welds
were in good condition. Burst tgsté on drawn cup type end plugs indicate
that the cladding is still the limiting item in bursting, thus there is no
evidence to date showing that the cup fype design is inferior in performance

to the more conventional solid type end plug.
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VBWR Assemblies ~ A new fuel-bundle design for VBWR special ﬁésémbliesAwas

initiated and is now complete. This design will be representative of the

design being considered for the Consumers Big RockAdeVelbpment ésséﬁbliés7

and will allow all of the fuel rods to be removed more easily than any pre-
vious designs. In aﬁdition; the new design will g;iow_the use. of either

machined or drawn cup type end plugs and will protect the fuel from

potential harldling damage, scratching, etc.

Special fuel bundle 4S (helical spacer) has gbmpleted its pressure drop
testing and results showed approximately a 75% increase inZXP.over the
conventional;spacerd Since the.VBWR operating license requires that an
assembly of this type be operated at a burnouf margin of 2, until the actual
burnout point is deterndned, fhe present plén is to use assémbly s as a
prototype of the new fuel design discussed abOVe, This assembly would not
then have a helical spacer, however, at the conciusion of aﬁ electrically
heated burnout test using thg'héliéal spacer, . the concept will be rg-evaluéfed

to determine its suitability for further use. .

Completion of'VBWR prototype of this new design wgs accomplished at thg end
of March. On the basis of resiilts from fabrication of this prototype,

design of a Big Rock development fuel assembly will begin in April.

SPECIAL VBWR FUEL ASSEMBLIES

The design characteristics of 10 of the 12 Task IB VBWR fuel assemblies has

' béen established, as presented below. Febrication is in progress om four

of these assémbliesl The d§§;gn_qf_the réﬁainiﬁg two assemblies will be

established by May.
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ASSEMBLIES FABRICATED BY THE SWAGED;CVER-PELLET PROCESS

No. 18

Purpose

Clad
Fuel

Rods

End Plugs

Completion Date

No. 4s

Purpose

Clad

‘Fuel

Rods

End Plugs

Completion Date

No. 68

Purposc

Clad

Fuel

Rods

To irradiation test marginal and good quality l2-mil
thick clad as determined by non-destructive testing with
as-sintered pellets.

0.012" thick 304 stainless
3.5% sintered U0, ground to an as-sintered distribution.

Swaged to zero gap. 13 rods to.have good quality clad
and pellets with 0.010" diameter range. 12 rods to have
marginal quality clad and pellets with 0.006" diameter
range.

Current standard machined design.

Completed March 17, 1961

To irradiation test a mechanical design sultable for
Consumers fuel that provides for easy removal of fuel rods.

0.0L4" thick 304 stainless

4,5% sintered UO, ground to 0.003" diametef tolerance.
Swaged to zero gap.

Current standard machined design.

April 1961

To irrediaticn test O-mil and 10-mil ¢lad rods fabricated
from commercially available material and utilizing a
statistical approach to the relaxation of various manu-
facturing and design variables.

0.010" and 0.008" thick 30% stainless

3.5% sintered U0, ground to simulate as-sintered pellets.
Forty per cent o% pellets ¢ 94% of the theoretical density;
balance of pellets >94% dense. Pellets to have varying
degrees of chips. '

Swaged to zero gap. 13 rods to have 10-mil clad and 12 rods
to have 8-mil clad. Both clad sizes to have nine rods each

containing up to 0.002" clad surface defects. Four rods in
each clad size to have X-ray rejectable weld defects.
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End Plugs

Completion Date

Machined design.

April 1961

ASSEMBLIES FABRICATED BY POWDER COMPACTIQN BY ROLLING PROCESS

No. 38

Purpose

Clad
Fuel
Rods
End Plugs

Completion Date

To irradiation test fuel rods fabricated by the Calrod -
tandem rolling process. '

0.015" thick 304 stainless

3.5% fused uo, (-6 mesh)

" Rolled to 88.5%11% density

Collapsible design -

April 1961

ASSEMBLIES FABRICATED BY VIBRATORY COMPACTION PROCESS

No. TS

Purpose’

-Clad

FueL
Rods
End Plugs .

Completion Date

No. 98

Purpose

Clad

Fuel

Rods

End Plugs
Completion Date

To irradiation test fuel rods fabricated by vibratory
compaction to 88% density, minimum. -

0.010" and 0.012" thick 304 stainless

4.0% fused U0, (-6 mesh, conditioned)
Vibratory compacted to 88% density, minimum
Current standard machine design

April 1961

To irradiation test fuel rods fabricated by vibratory
compaction to 90% dense.

0.0L0" and 0.003" thick 304 stainless
4.0% fused UO, (optimized mix)
Vibratory Compacted to 90% density

Drawn cup design
June 1961



ASSEMBLIES FABRICATED BY THE S?AGED—OVER#POWDER PROCESS

No. 2S

Purpose

Clad
Fuel

Rods

End Plugs

Completion Date

No. 8s

‘Purpose

Clad
Fuel
Rods

End Plugs

bompietion Date

No. 108

Purpose

Clad
Fuel

Completion Date

No. 58

Purpose

To irradiation test fuel rods fabricated by mnltiple pass,
swaged-over-powder process.

0.015" and 0.010" thick 304 stainless
3.5% fused o, (-6 mesh)

Swaged to 93%-+l% density using multiple pass techniques.
13 rods to have 15-mil clad and 12 rods to have 10-mil clad.

Collapsible design

Completed March 17, 1961

To irradiation test fuel rods fabricated by single pass,
swaged-over-powder process.

0.010" thick 304 stainless
L.,0% fused U0, (-6 mesh, conditioned) ,

swaged to 92% ¥1% density, using & single swaged pass
technique

Collapsible design

Moy 1961

To irradiation test fuel rods fabricated by cold swaging
and vibratory composition, followed by hot working or
heat treatment.

0.010" thick 304 stainless
4.0% fused an
June 1961

DEFECTIVE FUEL ROD ASSEMBLY (one only)

To irrediation test purposely defective fuel rods fabricated
by the four fabrication processes under investigation; and
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certain other special features such as 6-mil cladding,
and warm press pellets. ‘ B ‘

Clad Varying, depending upon fuel rod, from 6-mil to 17-mil
Fuel Pellets and fuséd powdgr

Completion Date May 1961

MECHANICAL VIBRATION TESTS

:Initial vibration tests have been completed on a 36 rod, full scale,

Consumers element at reactor conditions. Vibration was detected by strain

gages that were mounted 90 degrees apart on the inside surface of the

UOo pellet filled clad. Two normal rods were instrumented at an axial
location of 5/8 of a rod length above the element base. Figure 28 shows the
top end of the instrumented element and emerging lead wire éarr:fL_ers. A

series of tests were performed with two different spacer arrangements.

General Results

Tests employing the spacer arrangement of the first core design revealed

that maximum spanwise deflections of the normal ;'odé were less than .00l

inches at all test conditions includng the des:_i.ignA mass velocity and 10%

quality at 1000 psia. The vibration problem for the first core is there-.

| fore less than waé, estimated. Vibration ampli'_t_ugl_ea_s as high as .007 inches

were m_easuféd within a 55 inch span; which is three fifst core span leng’c_.hs‘.
Method

The four strain gage pairs for indicating tyio dimensional lateral deflections
in both instrumented fuel rods were calibrated by applying static poipt
loads to the instrumented span, which was sup’porjbed by simulated woven-

wiré spacers. The calibration apparatus and strain recording equipment

are shown in Figure 29. The calibmtion deflections were "bhen converted

to the inertial loading case. Corrections for temperature effects and non-

uniformities resulting from instrumentation were applied to the data.
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Test I Results

For Tests I, three double layer, woven-wire spacers supported the rods in
four equal spans and vibration amplitudes were sensed at the center of the
third span from the element base. This spacing arrangemént is that of the

present core design.

6 6

Test conditions were at mass volocities of “T x 10° to 1.7 x 10 lb/hr-ft2
of subcooled water and O, 5, 10, and 15% quality at 1000 psia. These

conditions include those of the reactor design.

The background noise level (60 cps) was equivalent to span vibration
amplitudes of .0005 to_.OOl inches between supports. Lateral vibrations
of the instrﬁmented span of this order of amplitude or greater would oceur
at a frequency of about ko cps. No vibration couid be detecfed with this
sensitivity at any of the conditions. The:efore, fuel rod vibration
between the three spacers is less than .00L inch amplitude for reactor
conditions. The gage location was not suitable for detecting overall fod

length vibrations within spacers.

Test II Resp;ts

For Tests II, the upper two spacers of Tests I were removed while the position

of the lowest spacer was not changed.

Four tests of an exploratory nature were performed with the un-symmetrical
spacer arrangement. Lateral vibrations occurred in the long span at fre-

quencies between 7.l and 7.4 cps. Rotational frequencies were near 0.2 cps.
The vibration was of nearly constant non—directionalAamplitude for a

given set of -conditions. The amplitude in the sensor directions varied

" at the rotational frequency. The amplitudes of vibration are shown below

with test conditions:

-49-



Test Pressure Mass Velocity Water Temp Quality
 (psia) (v/hr £t<) (OF)
A 85 T x 10° 70 -
B 1000 I 0x 106 Sat. - .15
C 1000 1.2 x 10° sat. .016
D 1000 1.2 x 10° Sat. .05
= 50w

Vibration
Amplitude
inches
.002
. 005
o Oou

.007



FIGURE 29 - CALIBRA"I".ON APPARATUS AND RECORDING EQUIPMENT FOR VIBRATION TESTS



TASK II - STABILITY, HEAT TRANSFER, AND FLUID FLOW

. TASK OBJECTIVE

Hydrodynamic, thermodynamic, and nuclear effects on reactor pérformance
and stabllity are to be evaluated analytlcally and also experlmentally in

the Consumers Blgwgggﬁwgggﬁtor Assurance of reactor stability under con-
ditions of R&D testing is anAquective of the program, as is the'use of these A
results and methods to evaluate performance of the 300 MwWe HPD conceptual

design.

Out-of-pi;e heat transfer apd fluid flow dévelopment testing will obtain
data in such critical areas as: |

a. Burnout heaf transfer |

b. Pressure drop (single aﬁd twbrﬁhgse:flbw)

c. Hydraulic stability (forced aﬁa;natura;‘éirculation)

A wide range of operational énd dgsign parameters will be eQaluated.

STABILITY ANALYSIS S

An'analyticallmodel~was conéeived‘to evaluate the hydrodynamic and nuclear
stability characteriétics of the Consﬁmers’Big Rock core and nuclear steam
supply system. It incorporates an analytiéal representatioﬁ of reactor
kinetics, hydrodynamic flow characteristics, including two-phase effects,

and thermodynemics effects due to load and sﬁbcooling changes. JIt is.believéd
that the performance of high power dehsity bbilinngater reactors will 5e
determined, in large measure, by the flow behavior of the two-phase nuclear
steam supply system. ¥or this resson particular emphasis was placed on‘n
developing what is considered to be an accurate and comprehensive analysis

of forced circulation two-phase flow dyﬁamicé.
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The reactor kinetics and hydrodynamics portions of the analytical model

 were applied to the 50 MWe Consumers Big Rock plant at rated conditions

and were found to predict stable performsnce .comparable to industrial

system design criteria. The thermodynamic effects due to load and sub-

.cooling changes are yet to be investigated.

The Analytical Model

The analytical model to evaluate the hydrodynamic and nuclear stability
characteristics of the Consumers core and nuclear steam supply system is .
presented in block’ diagram form in. Figure 30. The logic"of the ‘model
consists of analytical representations of physical phenomena These i
representations, or transfer functions, ‘are transformed from basic defining
differential equations and describe the linearized phase and magnitude
relationships between "two variables (output and input) as a function of

~

frequency. The various transfer functions employed in the analytical

model are shown diagrammatically in Figure' 30 as,boxes in the-flow,logic

paths. The following'are brief descriptions of the analytical representations
used in the stability model.

Reactor Kinetics

A single delay group - linear representation of the thermal fission-(Neutron
density-N¥) ofbslightly enrichedAUa235 as 'a result of ercess reactivity (Z&k).
Doppler | . )

A linear representation of the regenerative'effect on excess reactivity

owing to a change in average “fuel temperature which in this model is related
to neutron density (N*) |

Fuel Mpdel . _

A linear transformation.of"the thermal diffusion equation which relates the
heat imparted to the fluid at the surface of the fuel element (Q*) to the

neutron density (N*)
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Pressufe Rate :

A linea? relatiohéhip which describes thevtime rate of préssure change in the
nuclear steam supply system;(Pf) with respeét to the energy balance of. steam
flow rate and enthalpy (ﬁéhé*){ reactor_heat‘(Qf), and feedwater flow raté and
enthalpy (Wrthwf). c

Saturation and Subcooling

A linear representation which relétes pressure rate effects (ﬁ*).to the
energy (W&Z&hs*) which ﬁqst be supplied by the core to overcﬁﬁé,inlét,sub-
cooling. ‘Effeéts of feedwater‘temperaéuré’vdtiatiéns are also illustrated
:through the enthalpy hFW*‘ 3

_ Pressure Voids

A linear relationship vhich describes. the steam volume within the core (Up*)
as & function of the time rate of pressure change in thejnuclear steam supply
system (ﬁ*); This is the flashing type phenomenon.

Pressure Reactivity

A linear relationship which descrlbes the excess reactivity (Z&kp) due to
- steam volume changes (Up*) within the core that are caused by pressure

" variations. This 1s a transport relationiwhich averages.the steam volume
due to flashing withip ﬁhe cofeﬁénd assigns a’void wortﬁ o£ reactivity to
- that averaée.. | N

The . Hydrodynamic Analysis

‘The hydrodynamic portion of the analytical model is the distinguishing feature of
this stability analysis. It is bgsed upon the physical concepts of momentum
interchange, conservation of energy, and continuity of mass and does not rely

in any way upon correlations or assumed relationships. It is a system of.

six transient equations which describe the méchanicé and thermodynamics of
two-ﬁhase flow loops. The indepegdent véfiablés of the hydiodynamic hodel
include: heat input to ﬁhé'fluid gndléubéobling of the single phase inlet

fluid to the heater; the»débendent variableéﬁinclude: single-phase inlet
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fluid velociéy, two-phase pressure drop, steam velocity in the two-phase flow
region, water velocity in the two-phase flow region and steam volume frﬁction
in the two-phase region. The only dependent variable needed for this stability
analysis, however, is the steam volume fraction Udh* (see Figure 30). This
hydrodynamic model has been described in detail and-verified experimentally

for both steady-state and transient natural circulation prdblems.(l)

It was necessary for the pﬁrﬁoseé of this stability analysis to further

develop the hydrodynamic model éo that:

(a) It would accept forced circulation flow problems, -

(b) The rather involved mathemafical solutions could be reduced to a
linearized transfer funétioh acceptable for a fregquency-phase shift
analysis (Bodé analysié),

(c) Solutions could be readily. obtained.

All three of the foregoing déVelopment points were completed during the

past quarter and are manifested in the modified digital computer code 5-VLOP.

It should be noted that the hydrodynamic model can be app;ie@ to the stability

analy§is in two ways:

(a) Loop hydrodynemics - the reactor core, tonphase flow region and recircu-
lation loop is investigated for ité feedback. contribution to system '
stability, and o |

(b) Parallel flow chennel hydrodynamics - a single hot chennel within the
reactor core is investigate@}for its ﬁerformaﬁ%e in parallel with the
rest of the core for flux noise predictions. Individual channels within
the reactor core operating in a parallel flow channel arrangément can be

appreciably more underdamped than the whole or lumped core and still

not adversely affect reactor stability. They will, however, contribute

(1) Beckjord, E.S., "The Stability of Two-FPhase Flow Loops and Response to
Ships Motion," GEAP 3493.
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significantly to operating flux noise by permitting disturbances in

the radial and axial flux distribution to be perpetuated.

The~hegt4§ubcooling reactivity transfer function of the stability
analysi; is 'similar to the pressure reactivity model already describea.
fﬁe two are similar in that both relationships describe excess
reactivity as a function of steam volume. They differ; however, owing
to the fact that heat and subcooling éenerate steam volume in a manner

.quite unlike flashing.

Reactor - Recirculation Loop Performance

The reactor kinetics, fuel model, loop hydrodynamics and heat-subcooling
reactivity can be combined to form & reactor-recifculatiqn loop. An
analysis of this segment of the stability medel for the Consumers 50 MW
core at rated operating conditions was accomp}ished.during the last quarter.
A diagram of'this pértion of the stability model and the transfer functions
used is presented in Figure 31. Notice the path in fﬁe hydrod;namic model
which is applied to analyze the parallel channel noise as an open lbop

disturbance.

The reactor kinétics, fuel, loop hydrodynamics and heat-subcoqling reactivity
transfer functions were investigated by the use of a frequency analysis

(Bods aﬂakysis)~and reduced to a single closed loop transfer function

vhich will be employed in the entire stability model of Figﬁre 30. ?he
frequency response plot 6f the loop hydrodynamics and heat-ﬁﬁbcool;ng Te-
activity feedback network (ZXKQ/Q*) for the 50 MW core at rated cendition is
chown in Figure 32. The open loop stability plot ([&KQ/ZXKQ of reactor
kinetics, fuel, flow loop hydrodynamics, and heat-subcooling reactivity is

presented in Figure 33. . It can be seen from this illustration that the



, FIGURE 30 |
' CONSUMER'S BIG ROCK STABILITY ANALYSIS
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‘ FIGURE 31
REACTOR-RECIRCULATION LOOP BLOCK DIAGRAM
RATED. 50 MW OPERATION
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FIGURE 32 . . A : RATED CONDITIONS
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reactor-recirculation loop is stable with 68° phase margin and 14 db gain margin,
which compares favorably with conventional feedback system design criteria.

The closed loop performance of the network (Q*/Z&Krod) is shown in Figure 3h4.

It should be pointed out that the hand-calculated Bodé analysis of the reactor-
recirculation loop was performed concurrently with an analog computer étudy.
Results of both analyses were checked against each other and found -to yield

identical results.

The closed loop performance of the reactor-recirculation flow loop shown
in Figure 34 is ﬁresently being studied in conjunction with the pressure
related feedback response for system stability of the 50 MW core at rated
conditions (see Figure 30). The parallel flow channel contribution to

expected operating flux noise will be studied immediately thereafter.

AIR-WATER FLOW TESTS

Preliminary testing of a 1/5 scale Consumers Big Rock flow model established
thevneed for a baffle in the reactor vessel. A series of plates located
immediately above the riser inlet was tested to establish a controllable water
ievel in the vessel. Evaluation of high spegd movies taken of each baffle
plate determined that a flat plate with an octogonal shaped hole to permit
fuel handling in the core without removal of the baffle plate was the

most satisfactory.

The asymmetrical riser configuration introduced a vortex in the'back side of
the vessel between the two end risers. As a result of this vortex, "slugging"
of the two phase mixture in the end risers resulted. Vvarious combinations

of horizontal and vertical plates were installed to destroy this vortex and

insure uniform flow distribution to all risers with a minimum of slugging.

High speed movies were taken of all configurations and results are being
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_evaluated. Preparation of the final test results and report is in progress.

Movies showing the phases of the testing will be hade avallable to asugment

the report. )
. ; J

HEAT TRANSFER TEST

Design details of the 9 rod burnc;ut test section and heaters were covered in -
the last quarterly report. During this quarter detail drawings were
completed, bids obtained, and a ¢ontract awarded to the Roscoe Kent Mfg. Co.
The contract includes furnishing of all materials and manufacture of the
burnout test section, and materials and manufac'tj;ure for modification‘of an

existing test section into the heaters.

-

All materials have been procured for the tést ‘section and heaters. Manu-
facturing is estimated at 75 per cent of completion and is expected to be

compieted. early in the next quarter.
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TASK III - PHYSICS DEVELOPMENT

l. TASK OBJECTIVE ‘
Long fuel lifetime and eqonomica.lly yet effective reactor control is the
.objective of physics control studies, one of four major areas of study in

this task.

A second ares is the study of hot spot reduction by power flattening. This
will influence the degree of high power density that can be achieved within |

heat transfer limitations .

A Large High Power Density conceptual design study is to be carried out, and
results of the Consumers Big Rock testing will be utilized and applied in

the 300 Mwe conceptual design evaluation.

The optimizing and sched\n.iné of cont:.'ollis the objective of a computer
and data-logging system which 1s to be studied for feasibility, designed,

installed, and operated in conjunction with the Consumers Big Rock Flant.

2. EFFECTS OF BURNUP ON LOCAL POWER DISTRIBUTION

The extent to which enrichment variation can effectively be used to pro-

duce ldca.l improvements in the power distribution is being investigated.

Calculations were described in the pfevious quarterly report(2<) :I.n vhich
the local 'fuel bundle peak to average ratio was reduced from 1.28 %0 1.05
_by employing a variation in fuel rod enrichments. The local power peaking
in the fuel bundle results from the water gap between adjacent fuel

bundles. This power peak can be decregsed by reductions in enrichment ,in'

(2) Hollend, L.K., "Third Quarterly Progress Report, October - December 1960" ’
GEAP 3632.
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fuel rods near th’e. wai;er gap aLnd increases in enrichment in fuel rods away
from the gap. Thé previoﬁs anal&seslhAQe ﬁeen extended to include the
effects of burnup on the local power diétribuxion in an initially power
flattenedjfnellbuﬁglé. Two conditions havélbeen investiéated; one in
vhich control rod perturbationé do not exisﬁ and a second in which a
cantrol rod initially adjacemt to one side éf the fuel bundle was with-
dréwn after approximateiy.dne-third of ﬁhe fuel bundle's life. The
results indicate a relatively small increase in the local peaking factor
with time when there is no strong control rod perturbation. The‘effect
of a previously inserted control blade was found to produce.a local peak
to avérage power ratio about 10% greater :then the case without control
rods. These éalculétions were based on a one-dimensional slab gecmetfy
and an average enrichment of about 3.5%. It might be expected that
including the geometrical effects of a cruciform‘blade-ﬁauld increase
the control blade effect on power distribution. 'In-addition,:reductiané

in enrichment could increase thé power perturbations resulting from

»burnﬁp.'

Water + Fuel Rods

Control
or Water

Water

1234567891011 -
~ Rod Number

The numbers refer to the twelve rows of fuel rods in a bundle. For the
case with no control rods, there 1s symmetry about the center of the

bundle. Figure 35 shows the power produced in the separate fuel rods as
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a functien of average bundle exposure (MWD/T). It can be seen that

the #L rod edjacent to the water gap initially increases in power

.and then levels out. This initlal rise is attributed to the relatively
. greater increase in fission cross'section:in.the rods with lower enrich;
‘mentnand greater plutonium buildup. This effect can be seen in Figure 36
where the PU;239 concentration is plotted as a function of exposure i
for the inner (#6) and outer(#.) rods. As burnup of plutonium becomes
significant, the plutonium concentration of the rod adjacent to the

ﬁater gap falls below that in the central rod. This contriﬁutes to the
leveling out of ﬁhe power peek with time. From Figure 35 it cen be seen
that the initial peaking factor of 1.04 increases to about 1.06 at
approximately 7,bb0 MWD/T and then slowly falls. In.this particu;ar'ease,

the power peak sﬁifted from the.#s rod to the #i rod early in life.

Unfortunately, not all fuel elements in the reactor operate without the
!perturbing influence of adjacent control bledes. In order to study
?the effect of a cdntrol sheet on the local power distribution, the
palculation was rebeated for tne condition in which a control sheet
was inserted adjacent to the #12 fuel rod and then ﬁithdrawn after an
average bundle expdeﬁre of 5,000 MWD/T. Figure 3? shows the reletive
pover for several fael rods in the bundle as a function of exposure.
The effect of ihe control sheet is to reduce the power in the #12

rod to about ane-half of the bundle average. After the control sheet
is withdrawn, this rod produces the peak power of 1.175 times the

" average value. Thus, the shielding effect of the control blade has
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' been to cause an increase in the local peaking factor from about 1.06

3.

to 1.18. Two conclusions might be drawn from this calculation. First,
there is an incentive for rotating control rod patterms during operation
in order tb minimize the shielding effects of the blades on adjacent
fuel rods. Second, the perturbing influences of previous history may
well dictate a lower limit on:initial local power flattening ﬁelow

which it is not practical to go.

‘The method used in calculating this time dependence of the power

distribution was to calculate the burnup of each fuel rod type with

a point (zero dimensional) burner and combine the resultant cross
sections in a one-dimensional diffusion theory calculation at specified
time intervals. In this calculation, it is necessary to establish
boundary conditions to‘be applied to the point burnup calculation.
The basic methods used in establishing group constants for the three

neutron energy group are described in the previous report(3).

EFFECT OF FUEL CYCLING ON GROSS RADIAL POWER DISTRIBUTiONS

Cne-dimensional calculations have been made of the gross radial power
distribution in a typical 300 MW high power density reactor. ﬂﬁe
objective of this study is to find the effects of refueling schedules
on radial power shapes. In all cases, a five-batch core refueling

was assumed.

(3)

Couchman, M. L., and Miller, C. L., "Analytical Methods for Consumers
Research and Development Physics,'" GEAP 35Th.
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The power distributions and reactivities of seueral cases using an out-
side-in reshuffling pattern and different discharge exposures were

examlned. All cases studied assumed a five-batch refueling cycle. The
results includiug_the initial and final reactivities and peak to average

power ratios are summarized in Table VII.

Table VII

Refueling Cycle Effects on Power Peaks and Reactivity
Discharge = Refueling k k . Peak/Ave. _ Peak/Ave.

aTrge : eff feff : .

Exposure Cycle
(MwD/T) - _(MWD/T) initial  final initial final
25,000 5,000 1,058  ---e- 1437 eeee-
20,000 14,000 1.077 1.032  1.335 1.361
15,000 3,000 1.102 1.067 1.263 1.255
10,000 2,000 1.129  1.105 1.226 1.226.

In these cases, it was assumed that the burnup increments were equal in

each region. This would have been correct had there been s truly flat

. power distribution} however, this was not the case and therefore it was

necessary to consider the effect of the power distribution on the expo-

sure. This was done in a later phase of the study.

Ae the time duration of the refueling cycle is increased and therefore
the discharge exposure increases, the radiaL peak to average power ratie
tends to increase; This results from the low power generaued near the .
core center caused by the low reactivity of the high exposure discharge

fuel. This effect can be seen in Table VII.;

A case, which combined a reasonable discharge exposure and a relatively
low peak to average power ratio, was chosen for further study. Power
distribution and reactivities were then calculated using a fixed ais-

charge exposure of 15,000 MWD/T and a fixed reshuffling cycle of 3,000
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MWD/T. In these cases, the reshuffling patterns were varied: ¥6.détetmine
the effects of the position of the different batches of fuel. Agéin
five-batch refueling was assumed. The data for these cases is given in
Table VIII.. In ihis table, Region 1 is the innermost region, Region 2, the
next region outward, etc. Figures 38 and 39 are curves showing the power
distribufions resulting from Cases 1 and 4 of Table VIII. It can be seen

from Table VIII and Figures 38 and 39 that the distribution of fuel batches

" in the core has an important effect on the power distribution. For

example, in comparing Case 4 and Case 5 in Table VIII where two adjacent
batches were interchanged, the peak<¥o average power ratio increased from
1.28 to 2.56. Therefore, it appears that considerable care should be
exercised in following a particular reshuffling ﬁattern as deviations from
this pattern can cause serious effects.

TABLE VIII
Variable Refueling Cycle Effects on Power Peaks and Reactivity

Exposure (1,000 MWD/T) in.
Region Region Region Region  Reglon k

eff

Case 1 2 3 5 ~ Peak/Ave.
1 6 12 3 9 0 1.112 2.328
2 9 6 12 3 0 1.103 1.460
3 9 12 6 3 0 1.100 1.157
L 12 6 9 3 0 1.102 1.278
5 6 12 9 3 0 1.108 2.558

One refueling pattern (Case 3 of Table VIII) was .investigated in greater
detail to find the power distribution in the equilibrium cycle. In
obtaining the equilibrium power distribution, it was necessary to iterate
between the burnup distribution and the power distribution unfil consistent
results.were obtained. The beginning and end of cycle effective reactivities

and power ratios are shown in Table IX. Figure 4O shows the radial power
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distribution at the end of an equilibrium cycle. This power distribution
is not significently different from that obtained previously under the
assumﬁ%ion that the fuel had equal incremental burnup. _It should be notea
that fhe results obta1ned here are epproximate in nature because they do
not inclﬁde the variation in axial effects or the‘variaticn in voids with
radlus. However, they do serve to show the importance of refueling
schedules on operating power distributions and indicate that very desir-
dﬁle radial power shapes can be obtained by careful fuel schedules.

TABLE IX
Equilibrium Power Effective Reactivity and Power Ratios

Exgpsure (MWD/T) in.

Teglon —Reglon TReglon Region — Fegiom K op Peak/Ave.
Case 1 2 3 L 5 ,
Beginning 9,120 12,080 . 5,660 2,400 0 1.102 1.196
of Cycle . A
End of 12,080 15,000 9,120 5,660 2,400 1.065 1.183

Cycle

LARGE HIGH POWER DENSITY CONCEPTUAL DESIGN

The éevelopment of physics technology for high power density cores is based
on a conceptual design of a typical large (300 Mwe) plant. Although tests

may be performed in smaller reactors such as the Consumers Blg Rock Power

~Plant, the values and incentives assoclated with potential design improve~ _

ments will be referred to the larger core. As a starting point, thé
nuclear characteristics have been calculated for a large core design
approximating recent technology. This désign does not include features
necessary to achieve power densities above those of the Big Rock Plant.
It serves principally as a reference for use in evaluating the performance
of future designs. ‘hese future designs are expected to demonstrate the

overall.goals of the development program.



The physics analysis of this initial conceptual design is being issued
as a topical report (h). (nly a sumary of the~¢haracteristics of this

design will be givén here.

The nuclear and thermodynamic characteristics of the core have not beén
investigated in as much detail as would be the case for a core being
built. No attempt has been made t0 optimize the various design param-
eters at this stage. The constraints applied were that the cbre h;ve a
power density of 45 kw/l without exceeding a safe clad burnout margin
or fuel center temperature limit, and be caﬁable of satisfying the normal

shutdown control requirements.

Whenever necessary in the course of design improvement studies, the
characteristics of the reference core will be studied in greater detail.
The physics data reported here is currently being employed to refine and

expand the thermal-hydraulics treatment of the core.

A summary of the characteristics of the reactor is given below. (For

more detail, see reference (k).

TABLE X
Summary of Reactor Characteristics

Plant Data

Therunl Power 930 MW

Electrical Power . 300 MW

Pressure 1,050 psig
Core Data

Power Density | 45 kw/1

Fuel U0, (2.67 wt % U-235)

(&) Miller, C. L., "lLarge High Power Density Core - Interim Report I:

Fhysics Description of Reference Design" - GEAP 3649,
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Clad Material
Channel Material
Number of Fuel Bundles
Number of Control Rods

- Number of Fuel Rods
Active Core Height
Core Volume
Effective Core Diameter
Water to U0, Volume Ratio
Specific Power

Fuel Element Data

Fuel Rod 0.D.
Clad Thickness (304 Stainless Steel)
Fuel Rods Per Bundle

Zircaloy Channel Dimensions

Nuclear Data
koo cold, Rods Out
kew cold, Rods Inserted

koo hot, Average Voids; Including Xe, Sm,
Doppler Coefficient '

Neutron Migration Area Could
Hot-Boiling

Average Fuel Composition at 14,000 MWD/T

Gross Power Peeking Factors Axial
Radial

Void Coefficient 20 °¢

Temperature Coefficient 20-50 ©OC

1Stainless_stéel
Zircaloy-2
208

97

29,952
108.5 inches
20.25 x 10° cm3
120.4 inches
2.32

18.7 xw/kg U

0.400 inch
0.015 inch
14l in a 12 x 12 array

6.51 inches I.D.
0.100 inches thick

1.235
0.952

1.183

37.34 ca®
70.69 cm®
U-235 0.0134 atom praction
Pu-239 0.0036 atom fraction
Pu-240 0.0011 atom fraction
Pu-241 0.0005 atom fraction

1.50
1.30

-2.1 x 10-38k/k/% voids

-5.0 x 102 x/x/°C



5. SCHEDULING COMPUTER

The principle incentives a.nd the primary computer functions have been defined

and in large measure detailed. A report(5) providing_ this.,de.ta;l.l' and to

serve as a basis for writing specifications for computer procurement has been

5 completed and will be submitted for issuance pending AEC approval.

The computer's purpose'is to make feasible higher power densities by operating

closer to fuel element burnout limits, and to maximize fuel burnup. The

! incentives and functions of the scheduling computer will be summarized by

i item.

A.

B.

Incentive - The economic Justification of a ccmputér for fuel scheduling

is largely based on freedom to peak neutron flux in the operating plant, the
computer selecting ﬁe best schedule in terms of economics and operational
limits. The studies made thus far mdicatg that the compﬁter is not

fully Justified ecmmically for a plant as small as the Bj.g Rock Plant,
based on fuel burnup maximization alone. However, a 300 MWe plant is est:!.;

mated to permit a net saving of about O.ibr_ mill's/kw.‘ hr., .or betieen

$5,000 and $216,000 yearly, depending on average operating power gang

freedom to peak the flux. This freedom, of course, increases when the

plant 1s operating st something less than rated power.

Rea'é,%or Heat Rate - Thé reactor heat rate 1is ca.lcula.‘bed from sensed data
ave‘f:‘é'.ged over the speéiﬁed period bf thirty minutes and is logged for
opergtor use as well as being made available for other computer calculations.
Satﬁration enthalpies will be calculated from measured pressures; sub-
cooled enthalpies will be determined from temperature and pressure mea.eure-"
ments; and the pertinent f£low rates will be measured directly '

or calculated from a combination of measured flows.

(5 )E.- S. Beckjord, "The Development of a Scheduling Computer for the Big Rock Plant,"

GEAP 3702.



The computer will be programmed to handle all normal operating

conditions, e.g., a pressure range of 1000 to 1500 psia.

Ion Chamber Normalization and Calibration - Normalization is the process

of relating thermal power to ion chamber readings and will be performed

every half-hour following the heat rate‘calculation. The normalizing constant
is determined by the ratio of heat rate to the product of average chamber
reading and total fuel surface area. With this coefficient, evaluated
half-hourly, the individual channel or volume heat flux can be determined.

The equations déscribing these functions are:
- 1 6,
R =
core = 3% (WF); By

R; is the individual chamber reading here weighted by a factor (WF)
determined from gamma probe data and stored in the computer. The nor-

malizing constant is then,

K — BHeat Rate

Roore X Area
The individual channel heat flux can thereby be determined,

|

Provision is made in the computer to by-pass faulty'chamfer signals or

to accept operator input for the hest locel average factor.

Calib;ation is performed routinely with wire irradiation and much less
frequently than the normalization. By comparing the individual chamber
reading to normalized count ratio (Ri/Ci) to the average ratio (R/C), each
flux amplifier may be corrected to give a proper reading. The wire
irradiation data (Ci) is read in manually as prepared from the counting

equipment and corrected for the decay characteristic of the copper wire.
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Reactor Core Performancé - This seriés of calculations will provide the

operator with current data regarding-the‘principle operating limits.

. Heat flux,:coéiant temperatures, core pressure drop, and ion chamber

readings are uséd to evaluate channei’flow, nodal quality, nodal burnout
ratio, nodal fuel center temperature, nodal heat flux, and pressure drop
(inlet, exit, friction, acceleration, and elevation). These quantities
are stored and printed on demand. Selected variablés are printed as

part of the regular log. |

Neutfon Flux Exposure - Effective maximizstion of bu?nUp‘will depend iﬁ
great part on accurate histories of the fuel, control rods, and ion
chambers. The energy release per weight of channel section (3 sections),
and the energy release weighted by the presence of voids will be .kept, the
latter to be used in plutonium buildup cglculations. The ion chamber
exposure histories will be individuallj ﬁept, and control rod exposure
will be determined dally based on the daily averageipbwer and average

rod position and will be recorded for threé sections bf each rod on a
cumulative ﬁasis. A log book identifying each'fuél'element, control rod,
and ion chamber will be used to record cumulative exposures at times of
removal, relocation, or as desired by the operator. »

Burnup thimization - This is the area of greétest incenti&efand the work
is still in process to define adequately the best method of achievement.
Studies have been made showing preferred bower distribuxions for incréased
burnup. The strategy of operation is also found to be closeiy related
to operating philosophy, whether it is operated as a base load plant or
with a variable load schedule. The simplest scheme for implementing thig
on the computer requires the calculation on a general purpose computerl
(using exposure history as an inpuﬁ) of preferred flux distributions at

specific operating conditions. These are then read into the scheduling
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computer as local to average power fatios and control rod scheduling is
evaluated in terms of actual to preferred ratios. These preferred
distributions would be calculated externally perhaps each two to three

months for incorporation in the plant computer.

Another scheme involving only the scheduling computer is ﬁow being
studied. This will require development of concise and rapidly con-
vergigg.solutions of the coupled reactor flux, thermal, and hyﬁraulic
equations. |

Control Rod Pattern.Logic - fhe function of control rod pattern loglc is
to assist the reactor operator in control rod positioning from cold
start-up through the operating range. The computér will print out on

a typgwriter near the operator the next rod position change for either

increasing or decreasing power.

Sequences are evaluated periodicallyband stored in the computer. This
may or may not be associéted directly with the.burnup ma#imization
function. Typical sequehces have been established‘fbr both the 50 and
75 MW Big Rock Core and have been déﬁeruuned without considering the
maximization function. These are given in the detailed report.

Xenon Transient Calculations - As an aid to the opérator neaf the ehd of
core life, the reactivity requirements necessary to maintain pover after
a load change, with the subsequent xenon poisoniné, will be calculated.
This could be presented as either tﬁe rod motion to be expected in order
to correct for the xenon poisoning, or as the incremental ioad chaﬁge to
be tolerated without loss of control due to.xénon ﬁoiéoninga

Plant Component Performance - Turbine heat rate, statiqn heat rate, and

condenser and feedwater heater performance'chafacteristics can be easily

- incorporated in the monitoring function of the computer. Indication of
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approaching equipment failure and compgrative plant performence data will

. be made available from half-hourly computer calculations.

Instrumentation and Cabling -.Mbst;of the required input to the computer

is derived from hormal plant instrumentation. The interconnections required

have been defined and the exceptidns have been identified, with provision
to add to the plant aesign or procure them with the computer. These.

are detgiled in tpe Report, GEAP~3702, as is the accuracy and scanning
rate aséociatgd with this input. The accuracy of éoﬁputer calculations
is related to the scanning rate, and the selected rate for principle cal-
culations in the computer i#s sufficient to provide better than 90%
confidence of éalculational accuracy within the 1% accuracy of the
sensing instrumentation.

Input-Output - Based on the number of input signals involved and the
computation required with the abové accuracy, a calculation cycle of
thirty minutes has been selected. Input 1s from analog and digital

signals, from paper tape, computer -console control, and from "on demand"

control by the reactor operator. The output is by printed logs, information

storage'on punched tape, periodically typed information to the reactor

operator, "on demand" information to the reactor operator, and console infor-

métion monitoring coﬁputer operation. This function of input-output is

stili under investigation.
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TASK .IV -..OPERATIONAL _PLANNING. AND.TEST .COORDINATION

TASK OBJECTIVE

This task is concerned with the test planning and design, safety assurance,
test equipment procurement, operational scheduling for the R & D program,

and maintaining and issuing reports on progress of the program.

SUMMARY OF WORK PERFORMED

The procurement of instrumentation and the preparation of test facilities
at VBWR for the installation and operation of the two instrumented assemblies

is 95% complete. These assemblies are currently scheduled to be inserted

in the VBWR core about May 15, based on AEC approval of VBWR start-up by

April 10.

Coordination of the R & D program with Design Engineering was maintained

during this quarter. Safety valve requirements were established pro-

. viding the necessary flexibility to operate safely at discreet reactor

pressures ranging between about 800 psi and 1500 psi. Spare sets of
valves and springs are being provided to meet this requirement. Instru-
mentation lead wire and signal cable requirements have been established
for rod oscilldtion testing, computer ihput-output and instrumented

assembly tests.

Reports that ‘have been issued during this quarter include two Monthly
Progress letters, numbers 12 and 13, for January end February; the Third
Qﬁarterl&-Progress Repqrt, GEAP 3632;'and the topical report "The Design
and Fabrication of High Power Density Fuel Assemblies for VBWR Irradiation
Testing," GEAP 3609, by J. W. Lingafelter and W. D. Fowler. Two topical

reports have been prepared for issuance subJéct to AEC approval as follows:
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"Swaging Over Unground Pellets" GEAP 3623
by R. L. Brown ‘ ' '

"Large H;gh-waer Density Core - Interim Report I:  GEAP 3649
Physics Description of Reference Design'

by C. L. Miller

3. VBWR SCHEDULE

- ' The irradiation of the fuel elements fabricated under Tésk IA and iB will be
resumed in VBWR with the approval b;Tthe_AEc of VBWR operatian} An |
April 10 date 6f approval is presumed though tot firm. Based on receipt

of approval the following schedule is that expected to.be.followed in

bringing the VBWR tq power operation.

Days After
AEC Approval
6] - 9 Load core, make pre;operational checks and measurements.

| 10 - 19 Start-Up; make hot critical tests and complete 30 MW
L Nuclear Start-up tests.
; 20 - 27 Full power, steady-state operation.
Pe , : ;
- 28 - 31 Shutdown: Charge one Dresden and five Consumers elements.
§ Install flux wires, repair steam lesks.
- 32 Flux ﬁire irradiation.
; 33 - 40 Shut down; install prototype B)C Control rod and two
K instrumented assemblies, remove flux wires, move new
g assemblies to final desired power locations in core.
é 41 - 62 Operate steady-state, full power.
; 63 - 66 Add SADE defect element SADE I, one Consumers HPD special
v "~ element and two Fuel Cycle special development assemblies.
i 67 - 90 Operate SADE defect test.
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