





P T s

Cﬂ
A.
T,

°

o

D.
R.
J.
R.
R.
AO
J,
G.

°o o ° o o

Hy QUG DI MY

Worlton
Kornberg
Walling

Harty

Richmond
Keene
Fuquay
Astley
de Halas
Bennett
Cadwell
Dawson

UNCLASSIFIED

3 3679 00060 3003

BNWL-321

C-bla,b,c
Nuclear Technology
(Special Distribution)

PACIFIC NORTHWEST LABORATORY
MONTHLY ACTIVITIES REPORT

FOR AUGUST 1966

AEC DIVISION OF

REACTOR DEVELOPMENT AND TECHNOLOGY PROGRAMS

F. W.
R.

Manager,
Manager,
Manager,
Manager,
Manager,
Manager,
Manager,
Manager,
Manager,
Manager,
Manager,
Manager,

S. L. Fawcett - Director
Albaugh -~ Associate Director
S. Paul - Associate Director

Applied Physics and Electronics
Biology

Chemistry

Engineering Development

Engineering Services

Environmental Health and Engineering
Environmental and Radiological Sciences
FFTF Project

Materials

Mathematics

Metallurgy

Reactor Physics

September 1966

NOTICE: PRELIMINARY REPORT

This report contains information of a preliminary nature prepared in the
course of work under Atomic Energy Commission Contract AT(45-1)-1830,

This information is subject to correction or modification upon the collection
and evaluation of additional data.

PACIFIC NORTHWEST LABORATORY

RICHLAND, WASHINGTON




e



TABLE OF CONTENTS

SUMMARY

CIVILIAN POWER REACTORS
Nuclear Systems Concepts Analysis . o ¢« o = o « o
Conceptual Reactor Design Studies . . . o . o . »
USAEC-AECL Cocperative Program . o « o s o « o »

APPLIED AND REACTOR PHYSICS
Plutonium Criticality Studies . o = o ¢ o » o o o
Phoenix Fuel Reactor Program . ¢ o ¢ o « o o o o
High Temperature Reactor Lattice Physics Studies

REACTOR FUELS AND MATERIALS

Basic Swelling Studies = o : o o o s o o o + o
Nondestructive Testing . o - o o o ¢ o ¢« o « o
Nuclear Ceramics . o o o o o o« o ¢ o « o s o s o

Nuclear Graphite . ¢ o ¢ o o o s o ¢ o ¢ o & o
Irradiation Damage to Reactor Metals . . . . . .
ATR Gas Loop Operation and Maintenance . . . o

Metallic Fuels Development . . o + o &+ o o o o o

ENGINEERING DEVELOPMENT
Neutron Flux Monitors . « o o o ¢ o o o ¢ o o o

Microwave and Infrared Detecticn of Coolant Impurities

and Measurement of In~-Reactor Temperatures .

PLUTONIUM RECYCLE PROGRAM

Fuels Development . o ¢ o ¢ o ¢« o &+ o o o o o
EBWR Demonstration Program . . o . o &+ o o o » o
Reactor Physics o 6 ¢ o o o o o s o & o e o s o

Fuel Cycle Analysis o ¢ o o o ¢ o s+ o s o s o s o
Reactor Engineering Development . . ¢ « o + o » o
Materials Development o o « o o o ¢ o o o o o s o

Test Reactor Operation . o o o o o o o o o o o
NUCLEAR SAFETY

Containment Systems Experiment . o o o ¢« o o o o

Pressure Vessel Crack Monitoring . o ¢ o « o & o

Reactor Safety Analysis and Evaluation . . . . -
Columbia River Sedimentation Studies . . « o « ©
Waste Solidification Condensate Treatment . .

Fission Product Aerosol Contaimment . . . . o « &
Disposal of Reactor Off-Gas Into Soil Systems . .
Radioactive Residue Process Development . ¢ o .+ o

BNWL-321

15
18
18

21
23
26

30
31
33
36
L2
54
56

58
59

60
62
63
T1
T2
T3
Th

78
80
81
81
81
82
8L
8k



3 BNWL-321

CUSTOMER
Assistance to General Atomic .+ o « ¢ « ¢ o« o + o ¢ o = 86
U. S. Naval Research Laboratory . . o + s « o & o « o 87



L BNWL-321

SUMMARY

CIVILIAN POWER REACTORS

CONCEPTUAL REACTOR DESIGN STUDIES

A draft report on the plant cost versus siting study was completed and
forwarded to the AEC for comment,

Participation in the current AEC Civilian Power Reactor Evaluation
included attending two organizational meetings at AEC Headquarters.

USAEC=AECL COOPERATIVE PROGRAM

Experiments to study two-phase mixing in rod bundle fuel elements were
performed on an electrically heated test section which simulates flow channels
formed by fuel pins in a square pitch array located adjacent to pins on a
triangular pitch array (as in a 19-rod bundle). For an inlet temperature of
165°C (330°F) and mass velocities of 2,0 and 3.0 x 100 1b/hr-ft2 at 900 psi
system pressure, severe flow oscillations were observed as bulk boiling began
in the smaller channel.

Heat treatments appear to have little or no effect on the nil ductility
transition temperature for Zr - 2.5 wt% Nb alloy tubing with 30% CW, but
noticeable effect on the 60% CW material.

In the development of the apparatus for measuring pressure tube creep
in-reactor, the effect of coolant flow rate on diameter measurements was
evaluated. These tests show the diameter measurement noise is independent
of coolant flow rate. This noise level equivalent to 0.0003-inch diameter
change is still too high.

The entire set of equations describing nuclear and thermal hydraulic
operating characteristics of the BLW=250 have been programmed on the analog
computer, and debugging is complete.

Etched specimens of five zirconium alloys exposed in-flux in the G-T
loop in pH-10 NHy0H, <0.05 ppm Op did not undergo accelerated oxidation in
37 days,

Specimens of six zirconium alloys were placed out-of-flux in the G-T7
loop at water transport times ~1 sec and ~1 min from the flux. Weight gains
were similar at the two out-of-flux positions.

APPLIED AND REACTOR PHYSICS

PLUTONIUM CRITICALITY STUDIES

Measurements were completed in the first of several experiments on the
fundamental behavior of neutrons in plutonium assemblies. Foil activations
were made with Pu, In, and Cu foils for determining flux distribution and
intracellular distribution of 239Pu fission rate in a hydrogen moderated
heterogeneous Pu assembly with an H/Pu ratio of 35.
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Pulsed neutron source, reactor noise, and Py variance-to-mean type
measurements were also made on the heterogeneous Pu assembly.

Comparisons with critical data on homogeneous hydrogen-moderated Pu
assemblies show transport theory calculations to agree better with experi-
ment if GAMTEC-II cross section data are used in place of the 16-group
Hansen-Roach cross section set,

PHOENIX FUEL REACTOR PROGRAM

The water-reflected CAF experiments have been completed. Preparations
for the PRCF experiments are continuing with scope drawings complete and
preliminary safeguards calculations under way.

Additional high exposure Pu was committed to the fabrication of Al -
20 wt% Pu alloy fuel plates for the PRCF experiment.

A document describing preliminary 3-D design calculations for the MIR~-
Phoenix experiment is in preparation.

HIGH TEMPERATURE REACTOR PHYSICS STUDIES

Most of the construction work which was halted by the strike at Hanford
was resumed by the end of the month.

A purchase order has been placed for the independent safety channels.

The control rod fuel pieces have surface defects which are larger than
specified but which may not impair their strength and integrity at high
temperature.

The digital control valves are to be delivered three months later than
scheduled.

Febrication of the two sample oscillators are L4L0% complete compared to
a scheduled T75%.

The heating and cccling requirements are being translated into functions
which relate control device position, sensor feedback signal, and sensor
set-points. Digital programs are being written to control the heating and
cooling operations as well as to provide information on valve operation,

Various programs are being written to record the state of process
variables and other " information.

Training of the reactor cperations personnel continued.
Procegs Specifications and Operating Procedures are being written.

Smgll quantities of fuel material can be obtained from ORNL in the form
of microspheres, The major portion of the experimental fuel will be in the
form of dense but irregular particles,

The startup and calibration experiments are described in a document under
review, The remaining lattice compcnents and experimental pieces are being
designed for fabricated.

An experiment which apparently measures the neutron lifetime in a reactor
is being analyzed for use in calibration of reactor periods.



6 BNWL-321

REACTOR FUELS AND MATERIALS

BASIC SWELLING STUDIES

Three capsules continue to operate successfully at control temperatures
of 450°C (1000 psi), 450°C (~30 psi), and 525°C (~30 psi) toward burnups of
0.75 at.% BU, 0.3 at.% BU, and 0.4 &at.% BU, respectively.

Metallographic examinations of uranium and uranium alloy specimens ir-
radiated to 0.16 at.% BU at 500 psi over the temperature range of 500 - 625°C
corroborate the strong influence of pressure, carbon and Fe-Al additions in
reducing the amount of swelling without drastically altering the mode by which
it occurs,

Density measurements made on uranium and uranium alloy specimens ir-
radiated to 0.1 and 0.2 at.% BU, respectively, over the temperature range
610 - T05°C indicate that swelling is quite small, independent of temperature,
independent of composition, and is linear with burnup.

NONDESTRUCTIVE TESTING

Significant improvements were obtained in the ability of the multi-
parameter eddy current tester to eliminate signals due to various extraneous
parameters. The coil driving circuitry has been completed, and work is pro-
gressing on the flaw propagation portion of the instrument. The background
noise present in the thermal wave testing system has been substantially reduced.

"NUCLEAR CERAMICS

A phase study of the Pu-U-0 system was initiated. Samples were prepared
by pelletizing and sintering mixed powder compacts consisting of UOo and Pu0p
with the PuOo content varying in intervals from zero to 100%.

Two especially designed test cans, each containing UO2 samples of
micronized, ceramic grade, and fused -325-mesh powders, and pre-sintered
ceramic-grade pellets, were pneumatically impacted at 1100°C and 240,000 psi
to produce specimens for studies cof reccvery and recrystallization effects.

Samples of the pre-sintered materiel are being annealed at a series of
temperatures between 300 and 1600°C and subsequently observed for x-ray
diffraction line broadening, microhardness, and microstructural changes.

Mechanically rotated assemblies were designed for performing irradiation
tests on (U,Pu)O2 in the 100-K Snout Facility. These movable assemblies will
subject each of several UO2 - PuO2 specimens to identical neutron fluxes in
a cyclical fashion and will eliminate the major problem associated with in-
pile experimentation, i.e., unpredictable time and spacial flux variation.

Flow test dummies were fabricated and delivered to K-Reactor for hy-
draulic testing. Six UO2 = Pu02 irradiations, each comprising six specimens,
are planned. Parameters to be investigated are oxide stoichiometry, hetero-
geniety of the mixture, and heat rating.

Selected-area optical and electron microscopy on several impacted speci-
mens indicated that UOp single crystals undergo marked crystallographic
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reorientation during impaction. Evidence for both ordinary slip and
deformaticn twinning was found.

An inert-gas fusion apparatus for analyses of nitrogen and oxygen
content of metals and ccmpounds was partially installed in a glove box.

Metallography of nonstoichiometric UOpiy fuels was completed for
UC1,90, U0y, 99, UGz 02, U2 05 U02015,Vand five UO2 gg fuel rods which
had experienced substantial center melting during irradiastion. Migration
of the excess component tc the central, molten region was apparent for all
compositions.

A study to determine the nature of eutectic melting in the PuOp - UOp -
BeO ternary system was begun. Fourteen samples covering the composition
range from 4 - 36 mole% PuOp, 4 - 36 mole% U0p, and 60 = 90 moie% BeO were
prepared.

Initial success was achiIeved in chemically thinning U0 to electron
transparency.

UOo single-crystal specimens were sent to Argonne National Laboratory
for use in vapor-pressure experiments. Specimens were supplied as part of
the materials and information exchange program.

NUCLEAR GRAPHITE

A potential energy function for graphite interplanar interaction has
been refined. The calculated cohesive energy from the improved function is
=-1,15 kcal/mole compared to the previous calculated value of =1.29 kcal/mole
and experimental value of =1,01 kcal/mole,

The Sutton & Hcward equations relating bulk thermal expansion of poly=-
crystalline graphite tc single-crystal properties contain two pairs of
accommodation coefficients. Using a model for graphite which ascribes
accommodation to the presence of basal-plane microcracks, relationships
among the accommodation ccefficients can be derived. These relationships
modify the form of the eguation to a form proposed empirically by Simmons.
The newly derived accommodation factors permit a significantly closer fit
to experimental data than the old model.

Graphite irradiations are planned in the Fermi Reactor starting in early
1967. Approximately 300 samples, 1/4-inch diameter and 1-3/L-inch long, will
be irradiated in fluxes ranging from 2 to 8 x 1014 n/cm2-sec (E >0.18 MeV)
and at temperatures from apprcximately 400 to 700°C.

The ETR high-temperature capsule (GEH-13-12) is estimated to operate
at a meximum temperasture of 1400°C rather than 1600°C because the gamma
heating values are now estimated at 12 watts/g rather than 16 watts/g.

The first discharge of irradiated graghite from EBR-II is scheduled for
mid-August at a maximum exposure of 3 x 10 1 nvt, E >0.18 MeV.

The irradiation of "dimensionally stable®” graphites in the GETR has been
delayed by premature discharge of capsule H-3-23, Sample temperatures could
not be duplicated after core configuration zhanges were made. Since capsule
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redesign and modification are required for 50 Mw operation of the GETR be-
ginning next cycle, the modified capsule will be used to continue these
irradiations.

The long-term irradiation capsule GEH-3-13 continues to operate satis-
factorily.

The discrepancy between the rate of graphite loss from boronated graphite
oxidized in helium containing 1% 0o as determined by weight measurement and
the rate calculated from the concentration of COs in the effluent gas stream
has been investigated further. Although hydrolysis of BiyC is thermodynami-
cally feasible, the rate is slow and cannot account for the discrepancy. The
accuracy of the CO, analyses will be checked on twec different chromatographs.

Specimens of TSX graphite were prepared for transmission electron
microscopy. Three types of structures were observed: (1} delicate lace-like
networks, (2) translucent web-type foils between opaque edges, and (3) trans-
Jucent saw-tooth protrusions into open areas. The web-type foils appeared to
be regions of greater structural regularity and the saw-tooth protrusions
appeared to be the (100) or so=called "zig-zag' faces of graphite crystallites.

Irradiated graphite samples heated in contact with sodium for 100 hours
at 537°C expanded from 1.l tc 2.4%, Unirradiated graphite samples containing
carbon black were extensively cracked by treatment with sodium.,

IRRADTATION DAMAGE TO REACTOR METALS

Procurement of 316 stainless steel plate, sheet, rod, and tube rounds
will be completed by the end of August. Orders are placed for similar shapes
of Incoloy 800 and Inconel 625,

Pacific Northwest Laboratory will obtain from GE-APO assorted, nickel=-
base alloys, irradiated at elevated temperatures, for tensile testing.

A test series on irradiated and control samples of nickel alloy
PDRL-120 has been completed., Tensile data and metallography are being
evaluated.

An in-reactor creep capsule containing an annealed 304 stainless steel
specimen was constructed to replace a previous capsule in which a heater
failed prior toc testing at 8L0°C, 5000 psi. The high temperature creep
capsule, under development for nickel-base allcy studies, is completed to
the last step of welding on the outer shell,

Transmission electron microscopy examinations have been made on AISI 348
stainless steel irradiated at 60°C to 1.0 x 1020 fast fluence. Thin foils were
examined in the as-=irradiated condition and after postirradiation anneals at
450, 500, and 600°C. Very little recovery of displacement-type defects was
observed at the lower annealing temperature, but complete recovery was observed
after annealing at 600°C, A significant portion of the defects were removed
by the one-hour anneal at 500°C. Additional thin foils cof AISI 30k stainless
steel irradiated at 650°C to approximately 1.0 x 1020 fast fluence were
examined in the as-irradiated condition and after postirradiation anneals at
900, 1000, and 1200°C., No evidence of gas agglomeration was noted in any of
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the unstressed sections examined to date. The examination of thin foils
from the stressed section of AISI 304 stainless steel tested in creep in-
pile at 525, 650, and T50°C is in progress. Stressed and unstressed
sections will be compared tc detect the presence or absence of gas
agglomerates,

The current series of tensile tests on irradiated and unirradiated
specimens of Inconel 600 and Inconel X-750 have been completed.

Examination of all the tensile and microstructural data available to
date on the three program alloys, Hastelloy X-280, Inconel 600, and Inconel
X=T50, has led to & postulation of the mechanisms by which certain experi-
mental treatments hawve resulted in improved postirradiation properties:
(1) increased ductility of areas adjacent to grain boundaries, and (2) reduced
irradiation-induced grain boundary area embrittlement due to traps for .
irradiation defects in the matrix.

A stress-rupture test series on 1l unirradiated Hastelloy X-280 specimens
are continuing at Battelle-Columbus. Fifteen irradiated Inconel 600 and
Inconel X-T750 specimens have been shipped to Columbus for the next test series.

A mathematical model and computer program have been established to
evaluate the compliance and calibration constants of the Double Cantilever
Beam (DCB) specimen. Evaluation of the compliances of specimens from which
experimental data had previcusly been determined indicated agreement within
1.3% between experimental-determined and calculated values.

A series of irradiation experiments in the EBR-II and Fermi reactors
are planned for determining the combined effects of fast neutron irradiation
and environment on the mechanical and physical properties of selected reactor
structural materials. Over 50% of the mechanical test specimens scheduled
for irradiation on this program have been fabricated., Characterization of
the mechanical properties of the alloys selected is currently being performed
at test temperatures between room temperature and 800°C, The microstructure
is being characterized by conventional electron and optical microscopy.
Final plans and schedules for the Fermi irradiation program were discussed in
Washington, D.C., on August 3., 1966, with all participating laboratory repre-
sentatives and members cof zcgnizant USAEC offices,

An experimental program sim2d at defining the effects of fast reactor
irradiation on the mechanical behavior of candidate FFTF cladding alloys is
being formulated. The most important parameter to be studied is the elevated
temperature loss in creep ductility after fast reactor irradiation. Post-
irradiation biaxial stress-rupture tests in sodium are to be performed in
the temperature range 800 tc 1LO0®F (425 to T60°C) to provide data on creep-
rupture strength and ductility in a simulated FFTF environment. The stress-
rupture studies emphasize 304 and 316 stainless steel; however, post-
irradiation tensile screening studies will be conducted to evaluate various
other alloys and heat treatments., The cladding program will stress mechanical
tests in flowing sodium, thermal cyciing effects, aging effects, and evaluation
of fuel element cladding after irradiaticn.
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General facilities layocut of the 321-A Building has been determined,
and a cost estimate produced. Equipment has been transferred into Building
321-A for assembly of one of each type of test rig. Preliminary assembly
of these rigs will substantially expedite final assembly of the balance of
the rigs.

The SAND I computer code has been adapted for use in the UNIVAC 1107.
The function of this program is to perform calculations required in the
analysis of neutron spectra from the activation of foils. A sample calcu-
lation has been made to illustrate one useful function of this code, namely,
the determination of the activation and energy sensitivity limits of selected
foil detectors,

ATR GAS LOOP OPERATION AND MAINTENANCE

Review of vendor data submittals for the ATR gas loop continued. A
meeting was held with Johnson Service Company to present comments on the
main instrument panel submittal.

Investigation of filter shielding problems indicates that it would be
advantageous to insulate the Hastelloy pipe to reduce the temperature require-
ments of the shielding material, thus allowing a wider selection of candidate
shielding materials.

Examination of the Struther-Wells heater has shown no evidence of con-
tamination of the molybdenum heating elements by the helium atmosphere. The
molybdenum 1is, in part, recrystallized. Tensile specimens of standard
molybdenum recrystallized at 2500°F (1370°C) retain good ductility at room
temperature.

A sample holder arrangement has been designed which should provide
sufficient support to hold refractory metal and superalloy corrosion coupons
in the test section of the ATR mcdel gas loop. Construction of this holder
and exposure of the test coupons in the loop to provide additional ATR
corrosion support data is the immediate goal.

METALLIC FUELS DEVELCPMENT

The irradiation of tubular thorium-base fuel elements under water cooled
pover reactor conditions continued successfully in the ETR pressurized water
loops. The maximum exposure element has currently achieved 5.3 x 1020 fissions/
cc (15,200 MWd/ton).

Examination of one element irradiated to l.4 at.% burnup {11,850 MWd/ton)
shows no evidence of pcrosity or dimensional instability of the element as a
result of irradiation, Isotopic uranium analyses and cesium fission product
analyses confirm the 1.4 at.% burnup computed from reactor data.

ENGINEERING DEVELOPMENT

NEUTRON FLUX MONITORS

Laboratory tests, conducted at the 1.8 x 10° Ci gamma facility (Co6o),
verified that a balanced gamma response characteristic was achieved between
the two electrode elements of the new, dual-chamber, boron-1ll, beta current
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generator detector, which will be used for reactor, in-core, thermal neutron
flux measurements.

MICROWAVE AND INFRARED DETECTION OF COOLANT IMPURITIES AND MEASUREMENT OF
IN-REACTOR TEMPERATURES

Using microwave resonant cavity techniques and employing a standing wave
ratio meter as a tuned voltmeter, successful laboratory measurements demon-
strated detection of 400 parts per million change of water vapor in helium
gas at a nominal frequency of 30 GHz,

PLUTONIUM RECYCLE PROGRAM

FUELS DEVELOPMENT

A paper, entitled "Transient Meltdown Irradiations of Vibrationally Com-
pacted UOo Fuel Rods in TREAT," by R.C. Liimatainen, M.D. Freshley, and
F.J, Testa, describes the results of a joint BNW-ANL program on the transient
irradiation behavior of Zircaloy clad, vibrationally compacted UOp fuel rods
in the Transient Reactor Test Facility.

With the exception of one thoria filled test element, all fuel and test
elements for the Batch Core Experiment in the PRTR have been shipped.

Three instrumented UOp - 2 wt% PuOo fuel rods were charged in PRTR. Each
rod is equipped with a thermccouple and a pressure sensor to indicate the tem-
perature and pressure in the gas plenum during reactor operation.,

Al]l fuel elements for the Batch Core Experiment have been delivered to
the PRTR site. Plans have been initiated for the fabrication of replacement
elements.

Fifty-three fuel rods ccntaining pelleted UO2 = PuOs fuel fabricated by
General Electric Company will be shipped to Battelle-Northwest this month.

The determination of the low energy gammas and x-rays emitted by the
three Shippingport plutonium samples has continued during this reporting
period with limited success.

Three capsules, containing short pieces of EBWR UO2 = 1.5 wt% PuOp fuel
rods, have attained an estimated maximum burnup of 25,100 MWd/tonne of fuel
(6.23 x 1020 fissions/ecm3}, Thirty-three production-run EBWR fuel rods are
in reactors.,

REACTOR PHYSICS

The scope of a study to theoretically predict lattice parameters was ex-
tended to include a T=inch and 9-inch lattice.

Calculations have continued to determine the effectiveness of gamma rays
in producing photoneutrons in deuterium using transport theory methods.,

Fuel loading and c¢critical testing have begun with the High Power Density
Core (HPDC) in the PRTR.
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A paper summarizing the analytical and experimental results of the HPDC
experiment conducted in the PRCF has been accepted by the American Nuclear
Society for presentation at the November mseting.

Critical experiments have continued in the FRCF using HoO moderator and
1/2-inch diameter, 2 wt% Pu0p - U0s fuel rods containing plutonium which has
2L wt% Puaﬂoo Calculations have been performed using the series of computer
codes THERMOS, HRG, and HFN to obtain analytical results which can be compared
with the results of the critizal experiments which involve fuel elements
containing various concentrations of Pugk0,

A series of k_ measurements are being made for square graphite lattices
centaining 0, 5- inch diameter fuel rods at spacings of 2.0 inches, 4.0 inches,
and 5,0 inches, The expsrimental phase of the 4.0-inch lattice is in progress
now,

Reactor experiments are planned to study the reactivity effect of lumping
Puls in various sized particlies. The experiments will be conducted with both
graphite and light water mcderaticr. The first delivery of fuel rods is in
preparation and should be received next month.

Work has continued of the analysis and interpretation of previously ob-
tained scattering law results for HoC {20°C and 95°C}, D20, and ice.

Most of the effcrt on zombining individual measurement runs to final
ecross—-section values has been compieted for previcusly obtained MeV total
cross section data.,

The draft of an artic.e describing a method of high=resolution mono-
chromatization c¢f slow neutrons has been c¢ompleted,

Attention is called ts a zevised valse of a{2200 m/sj = 0,356 * 0,017
for Pu24l from reactor irradiation measurements at Harwell which is signifi-
cantly lower than that rercmmended from most evaluations.,

New cross sectlon data and descripticns for the plutonium isotopes are
included now on the BNW Master Library.

Comparisons ¢f RBU with cother ccdes are being made to evaluate the RBU
code.

REACTOR ENGINEERING DEVELOFMENT

A method to analyze weter-moderated commercial power reactor core designs
within speciried thermal and hydraulic limits has been developed. Checking
the methoed against results from the Connecticut Yankee Reactor is continuing.

MATERIALS DEVELOPMENT

One analysis of the metal near the mark on the taper of tube 5696
indicated & zirconium hydride concentration of 27 ppnm.

Monitoring the PRTR moderator system water activity during the recent
eritical tests has shown that a marked CoP¥ concentration increase has oc-
curred. The Cob0 concentration increased from 0,08 po/ml to 4.1 x 10-3 uCi/ml
after the addition of 24 ppm boron over & three-week period.
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A total solids analysis for borated water is being investigated which
will measure material other than boric acid present in the water sample.

Use of highly concentrated H3PO) at 200°C gave improved dissolution of
sintered Pu0p. During August, familiarization work was begun with sodium
metal-ammonia solution sc that a study can be made of the efficiency of this
technique for reducing ceramic fuel oxides.

TEST REACTOR OPERATION

The batch core critical tests were completed in August. Work directed
toward the start of the power tests included completion of the reflector
conversion to light water, completion of the boron shim system and miscel-
laneous repair activities.

NUCLEAR SAFETY

CONTAINMENT SYSTEMS EXPERIMENT

Continuation of the strike prevented progress on construction. Scope
designs for cost estimating purposes were completed on a 1000 cfm air cleaning
system and on potential modifications of the high temperature loop,

Runs were made in the aerosol development facility to examine the effect
of air velocity on airborne concentration versus time for Ip in dry air. Two
runs with xenon were made to evaluate mixing effects and to test xenon sampling
equipment.

Nine blowdown tests were run on the SM-2 vessel with 8-inch rupture discs
and water conditions of 250°F and 200 psig.

Low removal efficiencies were obtained with vapor phase cleaning experi-
ments on iodine contaminated painted surfaces. Decontamination factors were
two or less.

Testing was continued on alumina insulated electrodes for use as capaci-
tance probes in CSE vessels,

PRESSURE VESSEL CRACK MONITORING

The design of a prorctype monitoring instrumentation system for full scale
application to pressure piping surveillance by acoustic emission methods has
been initiated. Increased amplification of the signals obtained from a high
sensitivity accelerometer shows that considerable acoustic emission signals
are generated during the extension cof a prefcrmed crack,

REACTOR SAFETY ANALYSIS AND EVALUATION

Two subsize steel vessels irradiated in the ETR reactor for two reactor
cycles were burst at 56°C and 72°C, respectively. Each specimen contained a
one-inch long flaw. The NDT temperature was estimated to lie just above the
higher temperature or approximately 73°C.
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"RADIOACTIVE RESIDUE PROCESS DEVELOPMENT

Excessive corrosion caused failure of a pot in a rising level glass run
using a modified PW-1 flowsheet. However, moderately high feed rates, self-
cleaning of the off-gas lines, and separate addition of melt making additive
to the pot were successfully demonstrated.

The GE-L12 computer opereted during the WSE pot calcination run and has
been programmed for a spray calciner run. Modifications to improve the program
are being made.

Corrosion studies to date have not explained the failure of the 310 stain-
less steel receiver pot during the recent WSEP rising level glass run (RLG-B).

WASTE SOLIDIFICATION CONDENSATE TREATMENT

Experiments on the two=step scavenging treatment of glass melter conden-
sates were continued with selection of an optimum concentration of ammonium
phosphotungstate. The decontamination performance of procedures was evaluated
statistically.

The efficiency of sprays containing hydrazine for removing airborne
methyl iodide was determined for three hydrazine concentrations.

The physical chemistry study of reactions in the hetérogeneous system,
hydrazine, water, methyl iodide, and sodium hydroxide, continued with the ob-
Jectives of determining the rate-controlling step and characterizing the
reaction mechanism, Variables included hydrazine concentration, temperature,
and liquid surface area effect.

The seismic exploration program performed for IDO-AEC at NRTS in connec-
tion with the LOFT program was completed, and results were transmitted to the
Waste Management Branch.,

CusTOMER

Several candidate designs of blood heaters to be installed in the ab-
dominal aortas of living swine were analyzed to determine the uniformity of
the heat flux and surface temperature at the heated surfaces. Design alterna-
tives were found that would assure heat flux uniformity within 5% over the
entire heat transfer surface.

Four sets of PuOp - graphite compacts were prepared. Welding problems
occurred with the final closure; several techniques to overcome them are being
investigated.

The fast-neutron spectra and the iron damaging rate have been calculated
at the pressure vessel inner edge of the Organic Moderated Reactor Experiment
(OMRE) and the Yankee reactors.
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DIVISION OF REACTOR DEVELOPMENT AND TECHNOLOGY PROGRAMS (F. W. Albaugh)

CIVILIAN POWER REACTORS

NUCLEAR SYSTEMS CONCEPTS ANALYSIS (E. A. Eschbach)

Fuel Utilization Studies

Previously reported calculations of uranium requirements in the expanding
nuclear power industry projected for the United States showed an insensitivity
to the thermal reactor type assumed as a basis in the projection. However,
the reactors used in these calculations were characterized with considerably
higher specific powers than current reactor designs indicate, In order to
determine whether specific power effects were masking differences between
reactor types, several calculations were redone with a range of specific
powers. The results are summarized in the accompanying table. The table
indicates that the specific power effect is masking the differences between
reactors, but that the differences are not as great as might be expected be-
cause the amount of plutonium produced for export for breeder reactor inventory
requirements per unit of electricity produced is nearly identical for all
reactors. After a long period of time, the bulk of the uranium will have been
used for burnup rather than inventory, and the effect of specific power or
uranium requirements will then be less important than during the next several
years.,

Plutonium Values for the HWOCR

Plutonium values have been calculated for a UC fueled heavy water -
organic cooled reactor (HWOCR). This design is described in AI-CE-MEMO-6.
Several economic conditions have been examined besides the one reported
previously* and are shown in the accompanying table along with the plutonium
value results calculated by the PUVE code, In general, the economic '
parameterization covered three interest rates for one uranium price, one
variation of the price of uranium feed, and an incremental cost variation
representing a zoned 10% fabrication penalty which minimizes the number of
elements containing plutonium.

*See December 1965, Monthly Report, Physics and Instruments Department.
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URANIUM REQUIREMENTS FOR VARIOUS THERMAL REACTORS AND SPECIFIC POWERS

Maximum
Separative
Specific Power 103 T Natural U Used by Work
Reactor kwt /kg T981 1999 2020 20LL 106 ke/yr
Original Calculations Optimized at all Plutonium Recycle Percentages
HWR 110 48,8 411 755 1062 5.91
PWR 63 67.6 479 852 1207 19.67
HWOCR Lo 51.2 390 707 984 4,62
Reduced Specific Power with no Reoptimizations of Operating Conditions
HWR 31 58.8 442 784 1094 6.23
PWR 25 98.9 585 957 130k 23,17
HWOCR 25 54,9 Lot 724 1001 4,69

Reduced Specific Power Optimized at Full and no Plutonium Recycle Only
(Corresponds to each reactor operating either with uranium only or plutonium)

HWR 55 55,2 L26 768 1099 7.96
PWR Ls 93.0 586 1019 1392 22,70
HWOCR 25 54,9 366 636 853 4,21
HWR 25 61,3 453 813 1168 8.25
PWR 25 95.5 549 927 1284 20.56
Reduced Specific Power Optimized at Full, Partial, and No Plutonium Recycle
HWR 55 60.7 470 842 1203 8.36
PWR 45 84,2 543 954 1334 21.97
HWOCR 25 53.2 390 692 953 3.98
HWR 25 70,1 Lok 835 1193 8.38

PWR 25 104,1 596 995 136k 22,70



(1)
(2)
(3)
(&)
(5)

Economic Variables

PLUTONIUM VALUES IN AN HWOCR

Uranium Plutonium . .

Interest Rates, % Feed Fabrication Plutoniun Values*, $/g Total/$/g Fissile
Fuel Fuel Price, Penalty, Cycle No.
Cycle Inventory $/kg $/kg 1 2 3 N 5

10 10 23.10 0 6.03/9.06 L4.,49/7.92 3.48/6.67 2.63/5.32 1.84/3.87
10 10 17.30 0 5.19/7.81 3.89/6.89 2.97/5.73 2.25/4.59 1.57/3.3k
12 12 23.50 0 5.99/8.97 L4.52/7.95 3.53/6.76 2.67/5.39 1.93/4.05
10 10 23.50 2.63 5.59/8.40 4.18/7.40 3.26/6.29 2.50/5.08 1.78/3.76

8 8 23.50 0 5.81/8.79 4.27/7.59 3.25/6.29 2.41/4.92 1.63/3.45

¥The fissile content is little affected by these parameterizations so that the comparisons are on
at about equal exposures and compositions in each cycle.

'_l
-3

TSE-TMNE
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CONCEPTUAL REACTOR DESIGN STUDIES (J. C. Fox)

Nuclear Electric Plant Capital Costs vs, Site Location

A draft report on the plant cost versus siting study was completed and
forwarded to the AEC for comment. Additional data on cooling tower cost as
influenced by design considerations are being reviewed, and this section of
the report will be revised prior to publication. In addition, some cost
information on sea water versus fresh water condenser installations is being
sought.

Civilian Power Reactor Evaluations

As part of the Pacific Northwest Laboratory's participation in the
current AEC power reactor review, J. C. Fox will serve on a study group
for alternate cooled fast breeder reactors, Two organizational meetings
at AEC Headquarters were attended, and the further details of our partici-
pation will be worked out with ORNL,

USAEC~AECL COOPERATIVE PROGRAM (J. J. Cadwell)

Cross-Flow Mixing Between Parallel Flow Channels During Boiling

The experimental portion of the program to determine values of cross-
channel mixing during two-phase flow in rod bundle fuel elements was continued.
The basic purpose of this program is to obtain a method to predict local flow
and enthalpy conditions in each subchannel of rod bundle fuel elements., This
information will help provide a more accurate means to predict boiling burnout
conditions.

Experiments were performed cn an electrically heated test section which
simulates a flow channel formed by fuel pins in a square pitch rod array
located adjacent to a channel formed by pins on a triangular pitch array
(as in a 19-rod bundle). Isothermal runs to measure system heat losses and
to enable thermocouple calibration were completed.

Runs with heat generation are now being performed using a 0.080-inch
simulated rod spacing in the test section. Data were taken at an iplet
temperature of 330°F with mass velocities of 1.0, 2.0, and 3.0 x 10°® 1b/hr-
ft2 at 900 psia system pressure. The maximum heat fluxes considered for
these flow rates and inlet temperatures ranged from about 0.3 to 0.7 x 106
Btu/hr-ft2. These are about 30% below the burnout heat flux based upon
previous 19-rod bundle burnout data. For all these conditions, power was
increased until significant boiling occurred in the smaller flow channel of
the test section. For coolant mass velocities of 2.0 and 3.0 x 106 lb/hr-fte,
significant inlet flow oscillations occurred during boiling in the smaller
channel; however, when the larger channel entered boiling, as test section
power was gradually increased, a severe inlet flow reduction was observed.
The inlet flow reduction was followed by a rapid increase in test section
temperatures.,

During this time, system water temperature oscillations (approximately
15°F at 180 degrees) were observed at the outlet of the counter-flow heat
exchangers which were used to ccol the outlet of the test section from 500°F
to 180°F. Water at 70 psig was being used on the shell side of the heat
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exchangers with flows as small as 0.1 1b/hr-ft2 (Reynolds number =

10,000). Since there was a possibility that film boiling was occurring

in the heat exchangers, a 60 gpm pump was used to pressurize the shell

side to 500 psig. A decrease in oscillations was noted though some
fluctuations persisted. Additional improvement may be realized if parallel
flow is used since the difference in outlet temperatures of both streams
will be reduced to about 50°F rather than 300°F. Higher heat exchanger
flows will also provide better mixing at the temperature measuring point.

Data were also taken with an inlet temperature of 510°F and mass
velocities of 2.0 and 3.0 x 106 1b/hr-ft2 at 900 psia. The maximum heat
flux considered for these conditions was about 0,45 x 106 Btu/hr-rt2,
For all runs at this higher inlet temperature, no significant flow os-
cillations were observed during boiling of either channel.

Evaluation of Zr = 2.5 wt% Nb Pressure Tubing

The general objective of this program is to evaluate Zr - 2.5 wt% Nb
alloy tubing as a pressure tube material with reference to tests and reactor
experience that has been obtained on Zr-2 pressure tubes.

A series of heat treated test specimens have been prepared with milled
slots for crack propagation tests. The heat treatment for these test
specimens consists of a solution heat treatment at about 880°C and a water
quench, After quenching, these specimens were aged in vacuum for eight
hours at 500°C,

Drop weight tests to determine the nil ductility transition (NDT) for
heat treated Zr - 2.5 wt% Nb have been done., Tests were made on specimens
which had been solution heat treated and water quenched only, and also on
specimens which were aged after the solution heat treatment and water
quenching, After these heat treatments, there was still observed a sig-
nificant difference in the NDT temperature for the 30% CW and 60% CW
material source, For the solution heat treatment and water quenched only
condition, the test specimens taken from the 30% CW source material showed
an NDT at room temperature or slightly above, while for specimens obtained
from the 60% CW scurce the NDT was about 35°F, For the heat treatments
which included aging, the NDT for specimens obtained from the 30% CW source
was again room temperature or slightly above, while for specimens obtained
from the 60% CW source the NDT was between ~LO°F and -43°F, Metallographic
examinations have not yet been done, So far these test results indicate
that heat treatments alone have little influence on the nil ductility
transition temperature of the 30% CW source material but appear to have
some effect on the 60% CW source material.

In the 350°C creep loop a series of flow tests have been completed.
In this test series the flow through the measuring venturis was varied in
steps from about 15 gpm through 30 gpm to measure the effect of turbulent
flow noise on pressure drop fluctuations. In these tests where the pressure
drop varied with varying flow rates from about 25 inches of water to
100 inches of water, the error signal was relatively constant at about
2 inches of water, with pressure snubbers in all pressure sensing lines.
Two inches of water would represent about 0.0003=inch change in diameter
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of the pressure tube creep specimen. Without snubbers the fluctuation in
pressure drop was about 10 inches of water. These fluctuations are random
and do not appear to be attributable to pressurizing or circulating pump
action, Flow in the test assembly is entirely turbulent, and these random
pressure fluctuations appear to be attributable to turbulence., The test
assembly has been shut down and will remain so until some adequate means
of averaging the AP fluctuations is found.

Hydraulic and Nuclear Stability in Parallel Flow Channel Systems

The entire set of equations describing nuclear and thermal-hydraulic
operating behavior of the BLW-250 have been progremmed on the analog computer,
and debugging is complete. An initial test case has been run using control
functions simulating base load operation. The parametric study of hydraulic
and nuclear stability will begin early in September.

The present representation employs a two-node nuclear kinetics model
based on coupled reactor theory. This model was programmed and debugged
during the month and replaces the original four-region nuclear model.

In-Flux and Out-of-Flux Oxidation of Zirconium Alloys in the G-7 Loop

Etched specimens of five zirconium alloys were exposed in the ETR G-T7
loop (quadrant 218)., Materials irradiated under the USAEC-DRD&T Irradiation
Damage to Reactor Materials Program (IDRM) were included in the same quadrant.
The quadrant was exposed 37 days at 270 to 280°C bulk water temperature in
pH-10 NHL4CH, <0.05 ppm oxygen. The fast neutron flux (>1 Mev) was 5 x 1013 nv,
Average weight gains for the five alloys from the USAEC-AECL program are
shown below.

Weight Gain

Alloy mg/dm?2
Zircaloy-2 12.5
Zircaloy-U 14.3
VALLOY (Zr=-1.2 Cr-0.08 Fe) 9.k
VALLOY-S (Zr-1.2 Cu-=0.3 Fe)¥* 20.0
Zr-2,5 Nb, quenched, 20% cold work 7.3
Zr-2.5 Nb, annealed, 20% cold work 8.9

¥This alloy also undergoes accelerated oxidation out-of-flux
in the G-T loop coolant,

The weight gains indicate that in-flux oxidation was not accelerated in
the pH-10 NH),0H system. Several samples from the set will be sectioned to
confirm the result metallographically. By contrast, specimens of Zircaloy-2,
Zircaloy-4, and Zr-3Nb-1Sn irradiated under the IDRM program in the same loop
in pH-10 LiOH at ~0.1 and 1 ppm oxygen underwent accelerated oxidation.

There was no evidence of accelerated corrosion of samples of the IDRM materials
also exposed in quadrant 218 to the NH4OH enviromment.
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APPLIED AND REACTOR PHYSICS

PLUTONIUM CRITICALITY STUDIES (E. D. Clayton)

Neutron Spectra Experiments

Measurements were completed in the first of several experiments on the
fundamental behavior of neutrons in plutonium fueled assemblies. Experiments
are currently planned on three geometrically similar critical assemblies
having different H/Pu atomic ratios, The first of these rectangular paral-
lelepiped assemblies was reflected on two sides with l-inch of Lucite and
consisted of alternate 2-inch (nominal) rows of PuOs-polystyrene compacts
and Lucite, giving an H/Pu atomic ratio of 35. The base geometry was held
fixed at 6 rows by T rows (four PuO,-~polystyrene and three Lucite). Delayed
criticality was achieved by increasing the height to 6.92 layers. The approxi-
mate over-all dimensions of the clean critical assembly were 12.08 x 1L4.10 x
13.94 inches.,

Foil activation measurements were made to determine the flux distribution
across one dimension of the assembly and to determine the intracellular dis-
tribution of the 239Pu fission rate, the 115In (n,y) reaction, the 115In (n,n")

15m1p reaction, and the 63cy {n,v) 6hcy reaction.

Reduction of the experimental data and its comparison with calculations
is in progress. Measurements are under way on the second assembly.

Pulsed Neutron Source Experiments and Analysis of Reactor Noise

Pulsed neutron source, reactor noise, and Py variance-to-mean type mea-
surements were mede on the plutonium assembly comprised of 2-inch layers of
fuel (PuOo-polystyrene compacts with H/Pu of 15) and 2-inch layers of Lucite.
This arrangement gave an average H/Pu ratio over the core of 35,

Preliminary analysis of the pulsed neutron data indicate a delayed
critical decay constant {a) of 135 sec—l at a buckling of 0.019 em~2. This
value may be compared with a geometrically similar checkerboard assembly com-
prised of alternate fuel bearing and Lucite cubes with the same H/Pu (35).
This latter value was 275 sec-l at % E%ckling of 0.021 ecm~2. The results
indicate the neutron lifetime (& = —SE—Q to be significantly increased in the
assembly with alternate layer arrangewent,

Theoretical Analysis of Homogeneous Plutonium Critical Assemblies

Previous calculations performed as a basis for nuclear criticality safety
have frequently utilized the 1l6é-group Hansen-Roach cross section set in con-
junction with the S) approximation to the transport equation.

Experimentel data on the criticality of homogeneous plutonium assemblies
obtained at the Facific Northwest Laboratory have been used as & test of com-
putational methods and cross section sets used., Comparisons were made of
critical eigenvalues computed by Sy theory with the Hansen=Roach cross section
set and the cross sections provided by the GAMTEC-II code with Sher (1962)
normalized 239Pu data. Calculations were also made with 18-group diffusion
theory utilizing the GAMTEC-II cross sections. The results are presented in
the following table.
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It is seen that better agreement is obtained between transport theory
and experiment utilizing the GAMTEC-II cross sections than those of Hansen
and Roach. It is also interesting to note that the Hansen=Roach set shows
a larger discrepancy for higher Pu concentrations where the GAMTEC-II data
agree rather well with experiment. However, for the data presented, diffu-
sion theory provides better over-all agreement with experiment than does
transport theory,

A paper summarizing the analyses of the experiments and calculations
is being prepared.

PHOENIX FUEL REACTOR PROGRAM (P. L. Hofmann)

MTR-Phoenix Experiment

CAF-Phoenix Experiments

The second of a series of approach-to-critical experiments was completed
in the CAF., The purpose of the experiment is to estimate the poison worth of
a cadmium rod in the center of a 19-element Phoenix core, In addition to the
approach-to-critical experiment, reactor noise recordings were made to obtain
an independent measure of the subcriticality. The data are now being analyzed.
The lattice support structures have been modified to accommodate a beryllium
reflected lattice, which is now being prepared for a third experiment. The
contents of the 19 fuel cans are being reduced from 145 fuel layers to 15 fuel
layers.

PRCF-Phoenix Experiments

The experiment planned for the PRCF requires simulating the MIR core.
It will be light water moderated, with a beryllium side reflector. MIR type
fuel assemblies will be used. Present plans are to use the existing H»0 safety
and control rod drives with new in-core components for control and safety
functions. The core assembly and the safety and control hardware will be sus-
pended from a new top plate for the PRCF reactor tank,

Three scope drawings, showing the proposed arrangement and significant
details, were completed and circulated for comment. The comments have been
received and are being incorporated.

To support the PRCF experimental phase of the Phoenix fuel program, a
series of calculations was made to aid in the estimation of the void and
temperature coefficient. These calculations were made using the TEMPEST-
HRG-HFN computer programs. The systems that were investigated ranged in fuel
temperature from 20°C to 600°C. The percent void in the fuel region was
varied from 0% to 50%.

The following table lists the results of the calculation, in terms of

calculated keff’ for the cases considered.

An analog simulation of the PRCF-Phoenix experiment has been set on the
MIDAS program to obtain preliminary safeguards information about the loading.
Power excursions have been calculated for ramp reactivity additions using
calculated fuel temperature, moderator density and void coefficients.
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In addition, transient heat transfer and steam generation equations
were derived for the analog simulation of a postulated power excursion
during the PRCF experiment. These equations include transient models for
the fuel temperature, clad surface temperature, and void formation from
boiling.

The equations were formulated in the same manner as presented in
HW-69168 SUP, "Plutonium Recycle Critical Facility Final Safeguards
Analysis Supplements," except for a case of flat plates instead of rods,

Fuel Fabrication for PRCF

Final dimensional sizing of the perimeter welds on the fuel plates
is still delayed awaiting the availability of a precision press, This
delay is not affecting the program completion date. A radiograph technique
was developed to determine the weld quality. All the welded plates were
radiographed. Abcut 2% of the plates were rejected for weld quality, and
these plates will be rewelded.

The usable scrap Al - 20 wt% Pu alloy, which was cast and extruded to
sheet=bar stock, was not rolled because of the results from spectrochemical
analyses., Further analyses proved the material to be acceptable. Therefore,
the sheet-bar extrusions will be used to fabricate fuel plates. About
4,8 kg of high exposure PuOp were blended to 19 wt% Pu2tD, About 2.k kg
of this material was reduced and cast into Pu=-Al alloy billets for extrusion.
Upon receipt of the analytical results, fabrication of the fuel plates will
be initiated.

Aluminum sheet stock for cladding and picture frames was ordered for
September delivery.

Nuclear Design Calculations

A document describing some of the preliminary design calculations that
were made on the full plutonium core using the two-group, three dimensional
diffusion code WHIRLAWAY is now being written. This document will describe
the geometry that was examined and the calculational methods employed.

The results of these preliminary calculations indicate that fairly
severe power peaking will occur in the follower fuel just below the sta-
tionary fuel. The calculations also predict that the shutdown margin and
the core 1lifetime may not be as great as previously estimated. However,
these conclusions will be re-examined in the very near future when a new
cross section library will be available. This new cross section library was
compiled specifically for the Phoenix fuel study.

Phoenix Fuel Application Study

A brief report covering possible Phoenix fuel applications in compact
thermal power reactors along with possible engineering and economic advantages
has been submitted to the AEC in Washington, D.C., for review,
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HIGH TEMPERATURE REACTOR LATTICE PHYSICS STUDIES (R. E. Heineman)

Reactor Construction

No work was done on the reactor or the reactor shell during the month.

A1l craftwork was interrupted on all other parts of construction during
the month due to the strike. Electrical work was gradually resumed, and by
month-end both piping and electrical work were going ahead on a full schedule.

Reactor Equipment

The order for the independent safety channels was placed by the AEC
with the low bidder. One meeting with the successful bidder has been held
to discuss the specifications and to look at the actual installation site.

The electronic driver circuits for the PMACS display were returned to
BNW. Although the display works, some features are still being questioned.
The vendor has been informed that it is not acceptable,

Twenty-eight of the control rod fuel pieces have been shipped to BNW.
The remainder have been fabricated but had surface defects larger than the
specifications allowed. As an alternative BNW has proposed the substitution
of strength tests as the criterion for acceptance. Testing on some pieces
is now under way.

The vendor and architect-engineer layout drawings for the installation
of the neutron generator are being reviewed.

The vendor who was to supply the seven valves, which are operated by
digital motors and controlled by PMACS, has informed the AEC that delivery
will be delayed from August 15 to November 15. This will delay the present
schedule for completion of the gas system,

Additional EGCR graphite has been purchased which is suitable for the
fabrication of up to 54 spare heaster rods. This is in addition to the
material on hand and provides material for a total of up to 107 spare heater
rods,

Design Review

Additional information is being developed in order to establish the time
interval that can be tolerated, without incurring significant damage to the
reactor floor slab if cooling water is lost.

HTLTR Oscillators

The purchase order to fabricate the main structure subassembly for the
oscillator mechanism has been placed.

The drive system layout and power transmission system has been redesigned
due to the unavailability of precision gears with the required ratios. 1In
the original design both the light duty and the heavy duty systems were iden-
tical, except for the gear reduction in the transmission. The new designs use
a different power transmission approach for each oscillator. This results in
the use of commercially available components and a more economical system.
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An acceptable design for an inflatable seal has been found after an
extensive investigation of available shapes, deliveries, costs, and per-
formance parameters. A purchase requisition for these items has been
written and requests for bids have been sent.

Fabrication status of subassemblies are as follows: Key, T78%;
Carriage, 35%; Oscillator mechanism, 33%; Valves, 68%; and Drive, 18%.
It is estimated that the project is 40% complete compared to a scheduled T75%.

A conceptual design for a coupling between the heavy duty oscillator
and the various experimental samples has been completed. The present
concept allows the oscillator to be connected to either of two adjacent cells,
or to be used to push fuel trains back into the core, without repositioning
the oscillator mechanism. Discussions are under way to determine whether
this coupling fully meets the requirements.

Programmed Measurements and Control System (PMACS)
Installation

The interface between one of the mechanical oscillators and PMACS has
been completed. The interface logic will allow either program or hardware
control of the oscillator mechanism., The system logic wiring needs to be
checked.

Control of Heating and Cooling Circuits

An analog model of the graphite stack using 10 nodes was simulated on
the 1133 Computer. This simulation shows that the stack is stable with pro-
portional feedback,

The approximate power required to overcome the gas losses has been
calculated to be 16 kW at a total gas flow of 85 standard cubic feet per
minute flow and at a stack temperature of 1800°F,

One of the two sets of time constants mentioned in the June report was
negligible compared to the other and will be ignored. A program was then
described for the control of the heater circuits. The heater control program
calculates the required energy to raise the temperature to the set point.
During this heatup phase, feedback is used to maintain the heater rods below,
or at, the set point. After the pile reaches the set point, a regulator
program is used to maintain the pile temperature using the top, bottom, and
side heaters.

The cooling requirements are being studied in order to specify their
control programs. A sampled=data controller was analyzed and will be simu-
lated on the analog computer in order to gain a feel for proportional control
on a process with transport lag. This will sllow determining sempling rates
for the different control loops in the cooling system.

Programming

A total of eight logging programs have been written and 90% debugged.
Heading and dummy analog outputs have been printed on the operator's type-
writer temporarily until the logging typewriter is installed. The programs
will log all current analog input valves in raw counts and engineering units,



28 BNWL-321

gas system values temperatures, heater temperatures, graphite, heater power,
gas system flow and pressure, valve positions, and rod positions.

Work has begun on a special Input=Output program which will cause the
magnetic tape to serve as a buffer for all alarm messages in the event the
TV display is filled. In addition, all log messages will be buffered and
written out at the proper time. Finally, the program will store on tape the
kind and time of occurrence of all alarms during any one run,

Work has started on the programming of a gas routine which is composed
of the following cyclic sequence: Evacuate = Fill - Recirculate and Purge
{optional). The purpose of this program is to set the proper valve positions
for all nine valves in each state. There is an interplay between program and
operator who must decide on manual or automatic control of specified valves.

A valve maintenance routine has been written but not debugged. This
routine will record the actual number of pulses required to close and open
the seven stepping valves.

Various other options are available; for example, the operator can re=-
quest O through n pulses on each valve, thus the routine can be used later
for routine maintenance checks as well as for required acceptance tests. In
addition, valve characteristics and flow data can be used to determine con=
stants used in the cooling program.

Reactor Operations

Training of the operations staff on programming for PMACS continued. As
a concrete aid in their training, some maintenance and test subroutines were
written, and the gas loop control and check program was started.

The first draft of operating procedures to be used for reactor startup
and calibration experiments was completed.

Preparation of the process specifications was started.

All personnel in the High Temperature Reactor Physics Section moved into
the 318 Building during the month. Room was made available on a temporary
basis for three personnel from the Digital Equipment Development Unit and
from the Mathematics Department to assist on the programming of PMACS functions.

Reactor Physics Program

Experimental Fuels

Small quantities (5 to 200 gm) of U2380,, U2350,, Pu2390,, and possibly
other compounds, can be provided in microsphere form by Oak Ridge National
Laboratory. These materials will be used in cross section studies and special
lattice samples in the HTLTR., The larger amounts of U23305 (8 kg) and ThOp
(400 kg) for lattice experiments will be obtained as, or made into, small ir-
regularly shaped particles for making up the various isotopic mixtures required.
Quotes on the final cleanug of the U233 yere requested from ORNL. Transfer of
an additional 280 gms of U 33 that is available elsewhere, and in a form im-
mediately usable, was also requested. This latter amount would be enough to
make a few elements for a preliminary lattice experiment in the PCTR.
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Experimental Oscillators

The mechanical requirements were defined for the devices that are to
connect the oscillator ram to various components in experimental lattices.
Mainly the components would include a central lattice cell, a neighbor cell,
the central fuel element, a poison strip along the central cell boundary,
and a graphite slab also at the cell boundary. A design is required that
can perform at 1000°C after a few preliminary low temperature runs.

Startup and Calibration Experiments

The core to be inserted into the HTLTR at the time of nuclear startup
will be a T=1/2" lattice containing 1.36" diameter natural uranium fuel.
This lattice has been measured several times in the PCTR, in full=sized
critical experiments, and the temperature coefficient at low temperature has
been measured. The results from the HTLTR will be compared with the data
available from these other experiments.

Since these experiments are the first to be done in the HTLTR, more
extensive documentation of the operations to be performed will be needed.
The rough draft of this document is now being reviewed.

The first test core still requires fabrication of the test cell region,
the two movable cells, and the thermocouple adaptor sleeves. An attempt is
being made to place the fabrication of these parts off-site. There has been
no bid response as yet. The modified heater thermocouples for use with this
test core are being fabricated by Engelhard Industries, a different vendor
than the supplier of the other reactor thermocouples. No problems caused by
this change are anticipated,

Measurement of Neutron Lifetime

The experiment of N, A, Hill in which the worth of a poison was measured
at a number of control rod positions (see BNWL-193, page 24) was analyzed
further, The previous conclusion that the experiment provides a fairly
sensitive method of determining the neutron lifetime in a reactor but is
very insensitive to the delayed neutron fraction, appears to be further
strengthened by this analysis. Further theoretical analysis of the method
in order to provide an explanation of these results would appear to be quite
useful.

Buffer Fuel

The Maritime Administration requested three or four empty stainless steel
tubes from the N. S. Savannah surplus fuel that was obtained for buffer fuel,
When these tubes were emptied, the fuel pellets, 3.9% enriched UOo, were
found to be chipped and fractured, probably caused by rough handling.

Driver Fuel

Fabrication of graphite stock for the driver fuel elements is under way
at the Great Lakes Carbon Corporation. Delivery is scheduled for about mid-
September. Arrangements were completed with an off-site shop to machine the
end closures.
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REACTOR FUELS AND MATERIALS

BASIC SWELLING STUDIES (R. D. Leggett)

The purpose of this program is to characterize fissionable materisls
and understand their behavior during irradiation. The theories developed
provide a basis for the engineering exploitation of metallic fuel materials
in advanced reactor applications. Specimens under study at the present
time include uranium with and without dilute alloy additions and thorium-
uranium alloys.

Irradiation Program

A tandem assembly of two capsules, P-9 and 35, continues to operate
successfully. Capsule P-9 is controlled at 450°C and 1000 psi towards a
goal exposure of 0,75 at.% BU; capsule 35 is a low pressure (~30 psi) capsule
controlled at 525°C toward a goal exposure of O.4 at.% BU, Capsule 36 is a
controlled temperature, low pressure (30 psi) capsule controlled at 450°C
toward a goal exposure of 0.3 at.% BU. These capsules will provide data
needed to evaluate the effects of temperature, pressure, burnup rate, and
minor alloying additives on the irradiation behavior of uranium.

Heat treatments and density measurements are being made on a number of
high purity uranium and uranium-base alloy specimens. These specimens will
be irradiated at temperatures of 450°C - 700°C at pressures in the range 500 -
5000 psi and to burnups in the range of 0.2 -~ 0.8 at.% BU,

A new high pressure control system is being installed to extend the
control range to 6000 psi. Development work is continuing on additional and
improved capsule control instrumentation which will be required to handle
tandemization of future capsules.

Postirradiation Examination

The metallcgraphic examination of specimens recovered from two capsules
irradiated at 500 psi and 550°C and 625°C, respectively, to about 0.16 at.% BU
is partially complete. The Fe-Al alloy (407 ppm Fe, 645 ppm Al, 85 ppm Si,
500 ppm C, and 23 ppm N) exhibited only the amount of swelling theoretically
due to sclid fission product atoms., No tearing or porosity was observed.

One of the specimens of this alloy operated at 525°C and the other at 610°C.
The grain structure was unchanged from the preirradiation structure. A
specimen of Fe-Si alloy (140 ppm Fe, 25 ppm Al, 95 ppm Si, 400 ppm C, and

14 ppm N) exhibited aligned tearing but no grain distortion, consistent with
the 565°C operating temperature and the measured 2,6% swelling. A high-purity,
high-carbon uranium specimen (54 ppm Fe, 10 ppm Al, 34 ppm Si, 480 ppm C, and
24 ppm N) that operated at 500°C exhibited severe grain distortion on one end,
slight grain distortion at the other, and both grain boundary tearing and
aligned tearing. It appears for this alloy that 500°C is about the critical
temperature above which “irradiation growth" is nc longer observed. Another
specimen of this alloy which operated at 550°C exhibited a few "aligned" type
tears. A high-purity, low-carbon sample (64 ppm Fe, 5 ppm Al, 25 ppm Si,

6 ppm C, and 8 ppm N), which also operated at 550°C, showed profuse aligned
tearing. These observations are consistent with the observed density decrease
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of 24% for the low carbon material but only 3% for the high carbon material.,
Specimens of the two types of high purity uranium irradiated at 625°C have
grain boundary tears or pores 0.2 to 0.5 u in dismeter and tiny matrix pores
<0,1 u in diameter, Metallographic examination is continuing on these
specimens, The strong influence of pressure, carbon, and Fe-Al additions

in reducing uranium swelling is guite obwious, but the mechanisms by which
these benefits are desired remain to be clarified. In all cases swelling
seems to be occurring by the same basic processes that were observed at low
pressure (~30 psi} in high-purity, low-carbon uranium.

Density measurements made on specimens recovered from two capsules con-
trolled at 700°C (beta phase) and irradiated to 0.1 and 0.2 at.% BU, respec-
tively, indicate that swelling is small ("R" values of %15), independent of
composition (high and low carbon, high purity uranium; Fe-Al alloy; and Fe-
Si alloy), and linear with burnup. Because of longitudinal thermal gradients
in the capsule, several of the specimens operated in the high alpha, but it
was not possible to distinguish their swelling behavior from that of specimens
which operated in the beta phase. 1In the range of temperatures covered in
these two capsules (610 - T705°C), temperature was not an important variable.
This is not too surprising when the entire swelling versus temperature curve
is considered, for the curve goes through a minimum in this temperature range,
inecreasing rapidly below 600°C due to mechanical processes and increasing
above abcut T30°C due to fission gas swelling. Metallographic examination of
these specimens is under way.

NONDESTRUCTIVE TESTING (J. C. Spanner)

Detection of Irradiation Induced Shift in Nil-Ductility=-Transition Temperature

Critical angle ultrasonic methods have been demonstrated to be capable
of distinguishing neutron irradiated carbon steel samples from nonirradiated
samples although response anocmalies were found to exist on both irradiated and
nonirradiated samples. Experimental methods are being developed whereby the
effects of anomalies will be minimized.

A hot cell facility in 324 Building was obtained for tempcrary use.
Plans are being made to equip the facility for ultrasonic measurements on ir-
radiated specimens., Mechanical design of a remote-operated tank-manipulator
is continuing. Design concepts are being modified in an attempt to reduce
the estimated cost tc a figure commensurate with available funds,

Electromagnetic Testing Research

Circuits for providing timing signals for the signal sampling unit being
evaluated for use in the multiparameter eddy current tester cperated satis-
factorily. A significant improvement was observed in the testers ability to
eliminate signals due to various parameters when using the new circuits as
compared to that obtained without the new signal sampiing technigue. However,
further improvement in the ability to discriminate between signals caused by
large flaws is desired. Other techniques tc extend the range of operation of
the tester are being investigated.

Operation of the newly fabricated computer section for use with the multi-
parsmeter eddy current tester was checked and it functioned as expected for
linear signals. Adjustment cf the new computer {or transformation section)
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differs from the original unit in that needed adjustments are made to
eliminate the signals due to the various parameters individually instead
of simultaneously, This results in a mcre straightforward series of ad-
Justments which can be made faster and easier. However, the system is
not as flexible as the previous "simultanecus adjustment” system which
may give slightly better results with ncnlinear signal inputs. A choice
between the two computer sections depends upon the outcome of further
comparison tests and the results of the evaluation of other techniques
to extend the range of operation cf the tester to better handle large
flaw signals.

Design of the solid state version of the multiparameter eddy current
tester is continuing. The coili driving circuitry has been completed, and
work is progressing on the flaw detection portion of the instrument.

The coil driving circuity consists of a crystal controlled oscillator,
a tripler, and a power driver. The balanced output level is approximately
15 volts peak=to-peak with an ocutput impedance less than 50 ohms. The basic
frequency is 100 kHz, and the cutput signal contains both 100 kHz and 300 kHz
components. This circuitry is readily adaptable to other frequencies if
desired since the tripler is the only stage using tuned circuits.

Some design and experimentation have been done on the amplifier stages
in the detector stages. These amplifiers will be used to amplify the flaw
signals to a usable level, Initially, wide band amplifiers were used to
maintain the fiexibiliity of operating frequencies. It was found that the
amplifier noise level was toc high to.allow the use of wide band stages.
Effort is now being concentrated on amplifiers using tuned feedback to
narrow the passband and thereby reduce the noise level. Emphasis is being
placed on simple feedback networks that can be easily changed if a frequency
change is desirable for & specific test,

Infrared and Thermal Research

Development of a thermal wave instrument for rapidly measuring thermal
properties and nondestructively testing samples is continuing. This instru-
ment employs a noncontacting transducer which induces a thermal wave in the
sample and senses the response of the sample to the wave, Application of the
instrument tc highly conductive samples requires an extremely high signal-to-
noise ratic in the output of the transducer. Improvements made in the circuit
and temperature senscr this month improved the signal=to-noise ratic by
approximately a factor of five at a frequency of 0.0275 Hz, Apparently due
to the nature of the noise that was eliminated, the accuracy of phase measure-
ments at 0.0275 Hz was improved by a factor of about ten, The degree of im=-
provement at higher and lower frequencies is being determined,

Tests with aluminum and copper samples showed that the input thermal
impedance cof the transducer differed by only about one degree in phase angle
when placed near the surfaces of the two materials. Amplitude differences
with these two materials were relatively much greater, but previous experiments
showed that the amplitude is strongly 1ift-off. Hence, the small phase angle
difference is the more reliable indication of sample thermal properties., Re-
producibility of a single phase angle indicaticn with the present system 1is
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better than * 0.1°% at 0,0275 Hz. It is believed that averaging a number of
phase angle indications would imprcve the reproducibility to ¥ 0.01°,

One of the former noise sources in the system was the miniature solid
state temperature sensor, having a noise equivalent temperature of about
0,015°C. The other noise source was contact resistance in a 0.17 ohm rheo-
stat in the power regulation circuit for the transducer. This source caused
a temperature variation of approximately 0,015°C at the transducer. The over-
all noise equivalent temperature of the system then, before the improvements,
was about 0,02°C.

The improved temperature sensor now being used is the smallest bead
thermistor made by Fenwal. The time constant of this unit is about one
second in free air, and it is thus limited to frequencies below about 0.1 Hz.
The noise equivalent temperature attainable with this sensor is about 0.001°C.

Improvements made in the power control system consisted simply of re-
placing the rheostat with a fixed resistor fabricated from constantan foil.
The over-all noise equivalent temperature at the transducer at 0.0275 Hz is
now about 0.003°C, including temperature variations due to noise in the power
regulating system.

As a result of the improvement in noise equivalent temperature, other
smaller noise sources are becoming apparent. One source is the change in
power lead resistance to the transducer with changes in temperature. Air
blowing on the leads cause noticeable noise in the temperature at the trans-
ducer due to the change in power consumed in the leads. Some of the more
obvious noise sources are being corrected. However, further experiment will
be required to determine how important the present system noise will be as
compared to other experimental variables. A series of measurements on various
high conductivity samples is planned tc obtain the answer to this question.

NUCLEAR CERAMICS (R. E. Nightingale)
Phase Studies in Pu-U-0 System

A phase study of the Pu-U-O system was initiated. Samples were prepared
by pelletizing and sintering mixed-powder compacts consisting of UO2 and PuOp
with the PuOo content varying in intervals from O to 100%. Solid solutions
were obtained in the samples only after sintering in an argon - 8% Ho atmos-
phere at 1600°C for greater than 16 hr. An intermediate grinding and re-
pelletizing step was also required., X-ray diffraction patterns of the compacts
after sintering indicated two phases in those samples containing more than
40 mole% PuOp. The second phase was of the C-type rare earth structure and
is typical of sesquioxide (UgPu)203° Weight-gain measurements after an
oxidation-reduction treatment at 800°C indicated that all samples were hypo-
stoichiometric, with the exception of pure UOo. The degree of hypostoichiometry
increased with PuOp content to a maximum value corresponding to a calculated
oxygen-to-metal ratio of 1,84 for 100% plutonium. After the oxidation-reduction
treatment, only a single phase was observed in all samples, and the lattice
parameters corresponded closely to expected stoichiometric solid=solution values,
The calculated average plutonium valence was not constant but decreased in a
nearly uniform fashion with increased plutonium content,
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Recovery and Recrystallization in Pneumatically-Impacted Ceramics

Two especially designed test cans, each containing UO2 samples of micro-
nized, ceramic grade, and fused -325-mesh powders, and pre-sintered ceramic-
grade pellets, were pneumatically impacted at 1100°C and 240,000 psi to produce
specimens for study of recovery and recrystallization effects.

Al]l specimens except the pre=sintered pellets were highly laminated after
impaction. Although some of the pre-sintered pellets contained cracks and no
pellet~to-pellet bonding was induced in the stacked pellet arrangement, the
pellets contained few laminations. Microstructure studies indicated that the
highly densified materials experienced no marked grain growth, However, both
ceramic=-grade and pre-sintered materials showed small regions of grain growth.
The ~325-mesh materials also showed no obvious recrystallization of the large
grains.

Samples of the pre-sintered material are being annealed at a series of
temperatures between 500 and 1600°C and subsequently observed for x-ray
diffraction line broadening, micrchardness, and microstructural changes.
Further impaction studies at higher temperatures are being planned toc produce
lamination=free UOo,

The constant-temperature reaction calorimeter was modified to improve the
precision and increase the temperature limit to 80°C. Preliminary ex-
calorimeter reaction experiments using a variety of UOp particle sizes indi-
cated that reaction times of greater than one hour are necessary for complete
dissolution of UOp in 5 N HNO3 at 80°C. The reaction time could be decreased
to 45 minutes using aqua regia solutions.

An approximate minimum heat of reaction with HNO3 of 133 cal/g UOp was
calculated from several preliminary experiments. A comparison of this value
with the expected stored energy content of 1 cal/g UOp indicates that a mea-
surement precision of at least ¥ 0.5% must be attained if stored energy is to
be measured by difference calorimetry. Tests are continuing to determine
whether or not the precision of the calorimeter can be increased to this
level without major modification,

Effects of Stoichiometry on Irradiation Behavior of (U,Pu)02

Mechanically-rotated assemblies were designed for performing irradiation
tests on (U,Pu)O2 in the 100-K Snout Facility. These movable assemblies will
subject each of several UOo - PuO2 specimens to identical neutron fluxes in
a cyclical fashion and will eliminate the major problem associated with in=
pile experimentation, i.e., unpredictable time and spacial flux variation.,

The apparatus consists of a cylindrical aluminum magazine (3" dia. x 15"
long)} which contains six longitudinal, full-length flow channels, each 0.750"
in diameter, Use of this device permits simultaneous irradiation of six
specimens under identical flux-time conditionms.

Flow=test dummies were fabricated and deiivered to K Reactor for hy-
draulic testing, Six UOs - Pu0p irradiations; each comprising six specimens,
are planned., Parameters to be investigated are oxide stoichiometry, hetero-
geneity of the mixture, and heat rating.
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Several of the planned tests will contain central thermocouples.
These provide the most precise thermal record achievable and may also
yield dynamic heat-transfer data. If some flux asymmetry exists in the
irradiation position, & hysteresis in thermal response to the flux peak
will occur when a fuel specimen is moved through the peak. Average
thermal diffusivity of the fuel can be deduced from the variation in phase
angle between the flux maximum and the maximum in fuel center temperature
as a function of rotation rate, Refractory-metal thermoccouples were de-
signed and detailed specifications were prepared. Thermocouples will be
ordered after establishing the feasibility of performing these tests in
Snout.

Mechanism of Pneumatic=Impaction Bonding

Selected-area coptical and electron microscopy on several impacted
specimens indicated that U0, single crystals undergo marked crystallographic
reorientation during impaction. Evidence for both ordinary slip and defor-
mation twinning was found. In specimens initially positioned with (111)
planes normal to the impaction direction, prominent striations and wide bands
were produced on planes paralle]l to the impaction direction; those specimens
having (111) planes initially parallel to the impaction direction showed
little similar structure, Laue x-ray patterns and diffractometer scans of
the same surfaces (parallel tc impaction direction) confirmed that a multitude
of crystallographic orientations exist in each former single crystal, with a
few preferred directions indicated. X-ray patterns also revealed that crystals
stacked atop each other during impaction suffered appreciably more reorienta-
tion than those positicned side by side (the latter perhaps being more effec-
tively cushioned by the surrounding A1203 matrix).

Powder x-ray diffraction analysis showed that the lattice distortion
produced by impaction is rocughly inversely proportional to initial particle
diameter., This observation is consistent with the high density of dislocation
etch pits occurring to a limited depth {about 50 microns) around the periphery
of both 3 mm impacted cubes and 1/2 mm crystal particles. Annealing for two
hours at 1200°C in vacuum produced neariy complete recovery of well-defined
crystaliinity for all specimens,

Quality of the bond between crystal cubes is difficult to evaluate be-
cause of the extensive interfacial fracturing which occurred. From micro-
graphs it seems clear, however, that matrix and enclosure foil tended to
penetrate the vertical interface between side-by-side crystals, prying them
apart before "hydrostatic" pressure exerted effective lateral forces. This
behavior is consistent with earlier tracer observations that very little
lateral movement occurs in the powder matrix during impaction., The peripheral
UO0o fracture layer, reported previously, apparently resuited from very tight
impaction bonding between the molybdenum foil enclosure and the UQs2 crystal
and subsequent fracturing of the U0z at a uniform distance { about 50 microns)
from the Mo - U022 bonded interface.

Nitride Capabilities Development

An inert-gas fusion apparatus for analyses of nitrogen and oxygen content
of metals and compounds was partially installed in a glove box. The system is
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running and is currently undergoing tests to identify (1) conditions of
analysis for actinide metal nitrides, (2) precision and accuracy of the
results, and (3) effect of remote mounting arrangements on performance of
the system,

Stoichiometry Effects in Oxide Fuels

Metallography of nonstoichiometric UOp:, fuels was completed, Mosaic
strips (75X) and selected area, 250X and 500X photomicrographs were made
for UO01,90, U01,99, UO2 02, UO2,05, UO2,15, and five UO2, 00 fuel rods which
had experienced substantial center melting during irradiation. Migration of
the excess component to the central, molten region was apparent for all
compositions. This resulted in precipitation of uranium metal near the
center of hypostoichiometric fuels and precipitation of as-yet unidentified
phases in the once=-molten region of hyperstoichiometric oxides.

Portions of the drilled samples used for determining radial stoichio-
metry variations were prepared for powder x-ray analyses. Results should
reveal the identity of precipitated phases in the specimens with average
compositions of UO2,02, UO2,05, and U02,15.

Pu0p2-U0p2-BeO Phase Equilibria

A study to determine the nature of eutectic melting in the PuO2-U0O2-BeO
ternary system was begun. Fourteen samples covering the composition range
from 4 = 36 mole% PuOp, 4 - 36 mole% UOp, and 60 - 90 mole% BeO were prepared.
After sintering at 1600 - 1650°C for eight hours, melting point determinations
will be made in an argon atmosphere. X-ray diffraction and metallographic
analyses will be performed on both sintered and melted specimens.

Direct Transmission Electron Microscopy of Pneumatically~Impacted Uranium Dioxide

Initial success was achieved in chemically thinning UOs to electron trans-
parency. To date, the thinned areas have been quite narrow and rather non-
descript, No dislocations have been resolved. Work is continuing to expand
the extent of the thinned areas.

Materials Exchange

UO2 single-crystal specimens were prepared, characterized, and sent to
the Reactor Physics Division, Argonne National Laboratory, as part of the
materials and information exchange program. This material will reportedly be
used as specimens for high-temperature (T <2T700°K), vapor-pressure experiments.

Current requests for materials include: UOp crystals for ORNL, North-
western University, and IBM Research Laboratory; and PuO, specimens for ANL,
ORNL, Sandia, and Japan.

NUCLEAR GRAPHITE (R. E. Nightingale)

EBR-II Irradiations

The first of three graphite pins being irradiated in EBR-II is scheduled
for discharge in mid-August after one month in the reactor. Expected maximum
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exposure is about 3 x 1021 nvt, E >0,18 MeV, Observations of melt wires
installed in the capsule should give an indication of the operating tem-
perature and provide a check on the heat-transfer calculations.

High-Temperature Irradiations

Capsule design for GEH-13-12 is essentially complete, and the sample
loading has been determined for the first irradiation in the ETR, A revised
gamma heating estimate of 12 watts/g as compared to the original estimate of
16 watts/g will reduce operating temperature to about 1400°C maximum, com-
pared to the planned 1600°C, Unfortunately, no positions having greater
heating rates are presently available in ETR.

Fermi Irradiations

As discussed earlier, an irradiation is being planned in the Fermi
Reactor beginning early in 1967, Present plans call for four irradiation
pins, containing a total of approximately 320 samples, 0.25-inch dia, by
1,75-inch long. Neutron flux intensities range from 2.0 to 8.0 x 1014 n/cm@-
sec (E >0.18 MeV), and temperatures are estimated to be from 400 to T00°C.
The operating schedule of the reactor will be 28 days up and 28 days down.

At present, the capsule design is firm and a data package has been sent to
the reactor operator, Samples have been selected from the most dimensionally
stable graphites from GETR and EBR-II irradiations and include samples for
electron and optical microscopy.

Irradiations in Hanford Reactors

In an effort to expedite discharge and storing of the samples from the
Hanford hot test holes, the following schedule will be employed, All samples
will be discharged and stored without measurements except samples from the
following sets:

l. DDR 11T - GLC Raw Coke Contract
2, DDR 164 - SCC Process Variables Contract
3, DDR 136 ) fr s

DDR 118 )~ SCC Additives Contracts
4, Pechiney Calcination Series
5. Cold Test Hole Irradiations

The above listed samples will receive full property measurements, If
data are required on other samples, they may be removed from storage and
megsured at a later time.

Fracture Mechanisms in Polycrystalline Graphite

A study has been initiated to analyze the mechanical stress-strain
diagram of polycrystalline graphite. The main purpose will be to separate
and define the elastic and inelastic parts of the deformation process. The
results will aid in the interpretation of the micrographs taken previously of
graphite under stress,
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Thermal Expansion of Graphite

Sutton and Howerd [J. Nucl. Materials, 7, 58 (1962)] have related the
thermal-expansion coefficients of a polycrystalline aggregate to the ex-
pansion coefficients of the crystallites in the following manner:

ay = (1-Kg)y a, +KiBra (1)

% g (l-KN )'Y" ac + K” By o, (2)
where oy and oy are the thermal expansion coefficients of the aggregate
transverse and parallel, respectively, to the direction of extrusion; Kj
and K are constants defined by the Bacon orientation function of the
crystallites [J. Appl. Chem., 6, 477 (1956))5 v; , v;; » BL , and By are
the "accommodation factors", defined as the fractions, y, of the lattice
c-change and, B, of the lattice a-changes which contribute to the linear
dimensional changes of the aggregate in the two principal directions; and
ac and ag are the lattice expansion coefficients in the ¢ and a directions
of a single crystal.

Sutton and Howard assumed, however, that y; = Yy and B = By s this
assumption is both unnecessary and incorrect. A model for graphite has been
described wherein the accommodation arises from basal-plane microcracks
introduced during cooling from graphitization temperature. Using this model,
one can derive the following relationships among the accommodation factors:

Bl

By

vy + (=vy)/KQ (3)

Y + Iy, )/Ky (L)

Equations 1 and 2 can therefore be rewritten as:

o (1-K 4 ) YL(ac-a ) + (5)

a a

oy (1-K /) y//(ac - ua) + (6)

a

The equations have been tested by calculation of the accommodation
factors for two bars of PGA graphite from the data tabulated by Sutton and
Howard, The following table compares the mean accommodation factors and
standard deviations calculated at intervals of 50°C over the range 100 to
700°C.

Block No. Block No.
T110 T113

Sutton & Howard y (av.) 0.0373 t0.037 0,378 %0.021
B (av.) 1.45 *0.60 1.03 $0.48

Eq. 3-6, incl. vy _ 0.353 0,011 0.385 0,015
Y 0.321 0,018 0.397 *0.013
BL 1.426 *0.007 1.417 #0.010

Bl 1.176 £0.005 1.1kk $0,003
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The derived accommodation factors exhibit substantially smaller
standard deviations than the factors for the Sutton and Howard equations.
A "t" test, comparing the mean accommodation factors in the principal
directions, shows that for Block 7113 yj and yy are significantly dif-
ferent at the 95% probability level; the other three sets cf accommodation
factors are significantly different at more than the 99% level., In addition,
the calculated accommodation factors do not show any systematic variation
with temperature, a behavior consistent with the proposed model. 1In contrast,
if the accommodation factors resulted from alteration of the lattice expansion
coefficients by internal stresses, the reduction of these stresses with in-
creasing temperature would lead to a systematic increase in y with temperature.

Equations 5 and 6 have the same mathematical form as Simmons' equation
[Proc. 3rd Conf. on Carbon, (Pergamon Press, 1959) p. 559].

o, =Afla -0 ) +a,
X b ] a a

However, Simmons’ Ay is an empirical constant, which does not have a physical
meaning in terms of the graphite structure. The y factors derived from the
proposed model have physical meaning and are related to the microcrack system
observed in electron micrographs.

Damage Fundamentals

In the investigation of the structures and properties of irradiation-
induced damage centers in graphite, the potential energy function for the van
der Waals interaction must be known. Various potential energy functions sug-
gested for this interaction in graphite have given an unsatisfactorily wide
range (-0.27 to =4.36 kcal/mole) for the calculated coehsive energy, compared
with the experimental value of =1,01 kcal/mole, Since the cohesive energy
of -1.29 kcal/mole calculated by Girifalco [J. Chem. Phys., 25, 693 (1956)]
is in best agreement with the experimental value, the function used by
Girifalco

A ( 1. -6 _ -l12 . -6 }
270 i3 iJ

was selected for further development., This development was carried out by

evaluating r, from the condition that at equilibrium

U

ij

S_ ( v _
GC LUij) =0

where c¢ is the interplanar spacing and by evaluating A from the Dienes
theoretical relationship [J. Appl. Phys., 23, 1194 (1952)],

€33 © 2% (E 2
© 8e, z
where € is the elastic strain, using a recently measured value for the elastic
coefficient (c33 = 3.6 x 1011 dyne cm-2), The calculated cohesive energy of
=1,15 keal/mole establishes the adequacy of the newly developed potential

energy function,

82U,
=N
e =0
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Irradiations of "Dimensionally-Stable"” Graphite

The irradiation of the H-3-23 capsule in the GETR was terminated one
reactor cycle early since satisfactory operating conditions could not be
provided, Previous sample temperatures could not be attained even after
replacing the nitrogen atmosphere with argon. Reactor physics personnel
felt core-loading changes would not provide sufficient additional heating.
The capsule will be disassembled and the samples returned. Irradiation
will continue in the modified capsule design required for 50 Mw operation
of the GETR.

Irradiation of Nuclear Graphite

The thirteenth capsule, H-3-13, in the series of long-term irradiations
of nuclear graphites is operating successfully in & new position (E-6) of
the GETR. The capsule design was modified to allow operation in the former
D-T position at a reactor power level approaching 50 Mw, The E-6 position
provides nearly the same flux at 32.5 Mw as estimated for D-T at 50 Mw, so
that the capsule will be irradiated in E=6 for the present cycle. Sample
temperatures duplicate previous operating conditions.

Oxidation of Boronated Graphite

The discrepancy between the rate of graphite lost from boronated graphite
oxidized in helium containing 1% Op as determined by weight measurement and
the rate calculated from the concentration of COp in the effluent gas stiream
has been investigated further., In general, it was found previously that
during initisl measurements the rate calculated from the COo concentration
is greater than that obtained by weight measurements, as it should be because
of the buildup of Bp03 in the sample., However, following the removal of the
B203 by leaching, the rate obtained by weight measurements exceeds the rate
obtained from CO2 evolution.

In an attempt to find the reason for this result, additional rate mea-
surements and calculations were performed. The results obtained are pre=-
sented in the following table,

%
Egn Apparent ch(g) AWB203(g) Actual ch(g) Calculated AW (g)

1 =0,010k4 +0.00L5 -0.0135 -0.0132
2 -0.0178 +0,0069 -0.0226 -0,018L
3 =0,02L40 +0.0089 -0.0301 -0.0183

In the table, the apparent AW, is the measured weight loss of the sample,
and AW3203 is the weight of Bp03 formed during the run as obtained by subse-
quent leaching. The actual AWe is the weight of carbon lost by the sample as
obtained by correcting the apparent loss for the amount of Bp0O3 formed, and
the calculated AW; is the weight loss calculated from the concentration of COp
in the effluent gas.
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In the case of Run 1, it is seen that the agreement between the actual
and calculated weight losses is excellent. For Runs 2 and 3, however, the
agreement is poor. In Run 2, it could be assumed that the weight of BpO3
formed during the run should be only {0.0184-0,0178)2MB203 = 0,0009 g,

and that the additional 0.0060 g was formed by hydrolygﬁs of BLC during the
leaching process. It was found, however, in two separate instances by
leaching samples which had not been previously oxidized that a weight loss
amounting to only 0.0002 g occurred. Therefore, although hydrolysis of BLC
is thermodynamically feasible under the leaching cnnditions employed, the
rate must be extremely slow, and hence this process cannot account for the
discrepancy. In the case of Run 3, even the apparent weight loss is greater
than that calculated, so that hydrolysis of BLC cannot explain the results.

Because no gaseous products other than CO, have been found, the rate
discrepancy may be related toc the CO, concentration. Measurements will be
performed on two different gas chromatographs to check this possibility.

Electron Microscopy of TSX Graphite

Several transmission microscopy specimens of TSX graphite have recently
been prepared, The specimens were made in the process of developing prepara-
tion techniques using the mechanical, spark, and microwave methods described
in earlier monthly reports. Specimens have the shape of a small circular
disk approximately 3 mm in diameter and 1 mm thick, One side of the disk is
flat, while the other side has a rounded ccnical depression., The conical
depression intersects the flat side producing an opening in the central part
of the disk. The graphite near the edges of this open area is now being
examined with the electron microscope.

As a preliminary to the electron-microscopy examination, some of the
specimens have been inspected by means of stereoptical microscopy. It has
been found that the specimen hole area has a sponge-like texture with many
complex delicate protrusions into the central opening. The complexity of the
structure is still more evident when viewed with the electron microscope.
Three types of structures have been observed from preliminary examinations:
(1) delicate lace-like networks; (2) translucent web-type foils between opaque
edges; and (3) translucent saw-tooth protrusions into open areas.

The delicate lace networks were found to be so fragile that they could
be moved by concentrating the electron beam in a given area. These networks
did not occur uniformly at the edge of the openings but only in certain areas
where their presence might be related to local structural characteristics,
The networks were sufficiently attached that they remained at the lccation
where first observed. It appears that, in some way, they reflect the oxidation
of a particular structural characteristic of nuclear graphite, perhaps a binder
region or an area of highly defected structure. While carbon-oxygen polymers
may be involved in producing these networks, it is somewhat surprising to find
such polymers resulting from oxidation with microwave-excited oxygen in the
flowing system used.

An attempt was made to determine whether impurities might be somehow
related to the formation of the lace-network structures. One microscope
specimen was examined, by means of an electron microprobe, to determine if
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significant amounts of elements, other than carbon, were present. Only
trace quantities of any foreign matter were detected, and these were not
in the lace structures. This finding is consistent with the relatively
high purity (less than 10 ppm total ash) characteristic of TSX graphite.

The translucent web=type foils which were seen in certain areas of
the specimen appeared to be regions of greater structural regularity.
Moiré patterns were clearly visible, Other structural features present
have not yet been interpreted.

Saw-tooth protrusions could be seen at a magnification of 30,000X
and higher at many locations along the edges of the openings in the specimen.
These structures were clearly translucent when observed at higher magnifi-
cation and had certain structural features not yet identified, It appears
that these very regular protrusions are the (100) or so-called "zig-zag"
faces of graphite crystallites such as might occur within a coke particle
in a graphite body.

Compatibility of Sodium with Graphite

Seven irradiated graphite samples were heated in contact with sodium
for 100 hours at 537°C. The samples had been previously irradiated at 600 -
700°C to exposures of 1.4 x 1021 to 2.7 x 1021 nvt (E 0,18 MeV). The
sample series consisted of the graphite types CSF, TSX, NC8, CSGBF, and
TSGBF. The interaction of sodium with the graphite expanded the samples
from 1.1 to 2.4%. Expansions of 3.9% have been reported (NAA-SR-11309)
for type TSP graphite irradiated to 1,1 x 1021 nvt, The smaller expansions
observed in the present studies may be due to the type of graphite or the
low concentration of impurities in the sodium. An irradiated graphite sample
will be heated in contact with impure sodium containing sodium oxide.

Five unirradiated graphite samples contalning various amounts of carbon
black were heated in sodium for 100 hours at 537°C, The samples were iden-
tical except for the carbon-black content which was 0, 20, 25, 33, and 50%.
The samples were graphitized at 3000°C. The only sample which was not
cracked after exposure tc sodium contained 25% carbon black, and this sample
expanded 1.4%. Although the results of this test were not conclusive,
graphite containing carbon black is expected to be less stable in contact
with sodium,

TRRADIATION DAMAGE TO REACTOR METALS (A. L. Bement}
Alloy Selection

Procurement of three new program alloys, 316 stainless steel, Incoloy
800, and Inconel 625, is proceeding on schedule. Fabrication of all items
of the 316 SS order will be finished by the end of August. Shipment of
rolied products to PNL has begun. The Incoloy 800 and Inconel 625 orders
have been placed with Huntington Alloys, Inc., and fabrication of the Incoloy
800 tube blanks is under way.

Arrangements have been made with GE Advanced Products Operation (APO)
to obtain irradiated and contrcl tensile samples of nine nickel-base alloys
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irradiated as a part of the General Electric superheat and fast reactor
programs. Data from these alloys will complement current PNL irradiation
effects programs on nickel-base alloys.

A series of tests conducted on irradiated and unirradiated PDRL-120
at room temperature, 300°C, and 650°C has been completed, This high-
strength alloy is of interest for fast reactor applications.

In~-Reactor Measurements of Mechanical Properties

An in-reactor creep capsule containing an annealed 30k stainless steel
specimen is near completion. This capsule was constructed to replace a
previcus capsule in which a heater failed prior to starting the test. The
proposed test condition of 8L0°C and 5000 psi will complete a series of
creep and creep-rupture tests in the range of 500 to 840°C. Burnout of the
heater was attributed to the breakdown of a potting compocund used on the
heater connections. The use of this potting compound will be eliminated on
future capsules.

The high temperature creep capsule, under development for nickel-base
alloy studies, is completed tc the last step of welding of the outer shell,
The capsule will be lab checked and ready for reactor charging next month,

Irradiation Effects in Structural Materials

Stainless Steels

The purpose of this phase of the program is to determine the combined
effects of irradiation and enviromnment on the mechanical properties of stain-
less steels, Radiation=-induced property changes will be determined from ir-
radiations and tests conducted at various temperatures on several alloys.
Particular emphasis will be placed on determining the existence of metal-
lurgical instabilities and the mechanisms by which they are enhanced in a
nuclear environment.

Transmission electron microscopy examinations have been made of AISI
348 stainless steel irradiated at 60°C to 1.0 x 1020 fast fluence. Addi-
tional foils were obtained from AISI 304 stainless steel irradiated at 650°C
to 1.0 x 1020 fast fluence and tested at room temperature before and after a
pestirradiation anneal at 10C0°C, The thin foil of the buttonhead portion
of the AISI 348 stainless steel specimen in the as-irradiated condition re-
vealed a high density of irradiation-induced defects {vacancy and inter-
stitial clusters). A post tensile test anneal at 450°C for cne hour did not
appear to remove a significant portion of the damage. After annealing for
one hour at 50C°C, the density of the defects was markedly reduced; but some
damage still remained. The irradiation-induced microstructural damage was,
however, completely removed after annealing at 600°C for one hour, These
observations are consistent with mechanical prcperty data previously reported.

The main purpose of examining the irradiated AISI 304 tensile specimens
was to observe bubbles of helium generated from the thermal neutron burnout
of boron., No evidence of helium in the microstructure was seen, even in the
specimen that had been annealed at 1000°C for cne hour prior to testing. It
should be pointed out that only the unstressed sections of both specimens



Ly BNWL-321

were examined., A section from the AISI 304 stainless steel specimen that
had not received the postirradiation anneal was annealed in a vacuum at
900°C for one hour after it was thinned for transmission microscopy. No
helium agglomeration was observed after this treatment.

Thin sections have been obtained from three AISI 304 stainless steel
creep specimens tested in-reactor under the following conditions during
irradiation: (a) 525°C, 30,000 psi; (b} 650°C, 20,000 psi; and (c) 750°C,
10,000 psi, All specimens were tested to failure., These foils will be
examined to determine the nature of radiation=induced defects, particularly
helium agglomeration, in regions plastically deformed under irradiation.

Nickel-Base Alloys

The purpose of this program is to determine the effects of modified
microstructures on the irradiation stability of nickel-base alloys. Micro-
structural modificaticns are made by preirradiation thermal or thermo-
mechanical treatments and are evaluated by tensile tests, stress-rupture
tests, and microstructural examinations.

The paper submitted to Trans. Met. Soc. AIME by I. S, Levy, J. L. Brim-
hall, and B, Mastel, correlating the unirradiated tensile properties and
microstructure of Hastelloy X-280, has been accepted for publication.

The paper, "Postirradiation Mechanical Property Improvement in
Hastelloy X-280 and Inconel 600,"” by I. S. Levy has been accepted for pre-
sentation at the Winter Meeting of the American Nuclear Society.

The current series of tensile tests at 1350°F (730°C) on specimens of
Inconel 600 and Inconel X-750, which were irradiated at 540°F {280°C) to an
exposure of approximately 1 x 1020 nvt (<1 Mev), have been completed. Control
tests are also completed. The results show that preirradiation treatments
that improve unirradiated ductility alsc improve postirradiated ductility.

Previously, a correlation between the unirradiated tensile properties
and the respective microstructures was reported for both Inconel 600 and
Inconel X-750. In light of this correlation, an examination was made of
the previcus work on Hastelloy X-280 to determine if a generalized mechanism
would explain improved postirradiation properties for all three nickel-base
alloys., Based on these examinations, the following mechanisms are postulated.
Improved tensile ductility (as well as improved creep-rupture properties in
Hastelloy X-280) result from the preirradiation treatments in two ways:

(1) increased ductility of the areas adjacent to grain boundaries and (2) ef-
fective trapping of irradiation defects in the matrix. The increased duc-
tility is accomplished by the formation of stable grain boundary carbides,
during the preirradiation treatments, that remove hardening constituents

from the adjacent matrix areas. The traps are provided by incipient nuclei
or precipitates.,

A comparative phase analysis of Inconel 600 is being conducted using
chemical extraction, electron microscopy, microprcbe analysis, and theoretical
phase-equilibria computations.
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The stress-rupture tests at Battelle-Columbus, which were interrupted
due to grip deformation and furnace element problems, are again under way.
Eleven unirradiated Hastelloy X-280 specimens are in this current test series,
Fifteen specimens of Inconel 600 and Inconel X-T50, irradiated at S540°F (280°C)
to 1 x 1020 nvt (<1 Mev), have been shipped to Columbus for the next test
series.

Fracture Mechanics

During the interim period, an analytical computer program was developed
by the Mathematical Analysis Section for the purpose of evaluating the com-
pliance characteristics of the Double Cantilever Beam (DCB) specimen.
Previously, the compliance crack length relationship of DCB specimens of a
given geometry had been determined by a time-consuming experimental process.,
Because of the necessity for using DCB specimens of different geometries, a
computer approach was merited. Basically, the mathematical prccedure,
called boundary collocation, involves satisfying a stress function in the
form of a Fourier series at a number of locations along the boundary of the
specimen, The first coefficient in the series, which is proportional to the
stress intensity, is evaluated from the resulting matrix. Using this com-
puter program to evaluate compliances on specimens for which experimental
data are available indicates an agreement of 1.3%.

The hydride platelet orientation in hydrogen-charged, Zircaloy=-2, DCB
specimens has been determined to correlate hydride effects with observed
fracture behavior, Specimens charged with hydrogen at levels of 100 and
L0O ppm both exhibited similar hydride distributions. In general, the hydride
platelets were found at grain boundaries with the plane of the platelets lying
generally in the rolling plane of the plate.,

FFTF Supporting Studies

Irradiations of Reactor Structural Materials in Fast Neutron Spectrum

The purpose of this phase of the program is to conduct & series of ir=-
radiation experiments in the EBR-II and Fermi reactors to determine the com-
bined effects of fast neutron irradiation and environment on the mechanical
and physical properties of selected reactor structural materials. Long- and
short-term irradiations and mechanical tests will be performed with the goal
of obtaining adequate design criteria for specific reactor components., The
study of reference alloys irradiated under typical FFTF design and operating
conditions will be emphasized.

Over 1200 tensile, creep, and stress-rupture mechanical test specimens
have been procured for use on this program. Test specimens have been fabri-
cated from AISI 304, 316, 348, and 321 stainless steels for irradiation in
both the EBR=II and Fermi reactors. Characterization of the mechanical
properties of these materials in the as=fabricated condition is currently being
performed at test temperatures between room temperature and 800°C. Charac-
terization of their structure is also being accomplished by means of optical
and electron microscopy.
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Final plans and schedules for the Ferml irradiation program will be
discussed by representatives from each participating laboratory at a
meeting in Washington, D.C., on August 31, 1966. Because of the length
of time required to design and build an elevated temperature subassembly
to irradiate in sodium between 650 - T760°C, subassemblies will be unavail=-
able for irradiations scheduled in Fermi, Alternatives will be discussed
in 1light of the over-all Fermi irradiation schedule and program objectives.
Additional efforts will be devoted to the EBR-II irradiations in hope of
obtaining elevated temperature irradiations in sodium to supplement the
Fermi irradiations. All long-term high-exposure irradiations are currently
scheduled for the EBR=II.

Fuel Cladding Support Studies for the FFIF

The effects of fast reactor irradiation on the mechanical properties
of candidate FFTF fuel cladding alloys need to be defined in order to
select the optimum cladding material and to provide a description of
mechanical behavior in the expected FFIF environment., An experimental
program aimed at defining the important fast neutron irradiation effects
is being formulated in detail in support of the FFTF project.

The major problem areas requiring investigation have been identified
in coliaboration with fuel development personnel. The most important
probiem area identified for study is the degradation of creep ductility
attributed to transmutation damage and second=phase redistribution. The
FFTF will operate at temperatures where this effect may impose a serious
fuel design limitation. Also of ccnsiderable ccncern are the effects of
flcwing sodium on postirradiation creep properties and the effects of
thermal c¢ycling, thermal aging, and fatigue on mechanical integrity.

Initial emphasis is placed on biaxial stress-rupture tests in sodium
of spezimens irradiated in a fast reactor environment. Tubular specimens
are to be irradiated in the Fermi reactor tc expocsures of about 1 x 1021,

5 x 1021, and 2 x 1022 fast fluence and subsequently tested in sodium at
temperatures from 700 to 1LOO°F (370 to 760°C,) at stresses sufficient to
cause rupture in times ranging from 1 to 10 hrs. Ductility parameters

are to be determined after testing. In addition to the postirradiation
creep=rupture studies, a need for in-reactor stress=rupture data also exists,
particularly at the lower FFTF operating temperatures; namely, between 800
and 1100°F {425 and 595°C). At these temperatures, radiation damage of the
displacement type can accumulate and affect stress=-rupture properties,

Such a property change cannot be evaluated on a postirradiation basis since
the displacement damage will anneal ocut during long-term creep testing. In
addition, intergranular fracture may control rupture at low strain rates in
this temperature range. An in-reactor, liquid-metal, stress=rupture capsule
is being designed for this application,

The creep-rupture program will concentrate on 304 and 316 stainless
steels. Screening studies utilizing postirradiation tensile tests on 348,
FV548 {316 + 1% Nb), and other candidate allcys in various metallurgical
conditions will also be performed,
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Neutron Dosimetry

The SAND I (Spectrum Analysis Neutron Detector) computer code has been
adapted for use in the UNIVAC 1107 and test cases performed to insure proper
operation,

The SAND I program is designed to perform a variety of tasks involved
in the determination of neutron spectra with foil activation detectors. It
is primarily employed for: (1) printing spectrum tables, (2) calculating
activities and sensitivity limits induced by a spectrum, and (3) using the
activities induced in foils to determine the shape of an unknown spectrum.

A flux spectrum and cross section functions are the basic input to the
program. The primary operation of SAND I is numerical integration by

Simpson's rule, calculating such integrals as | “6(E)o(E)AE, where @(E) is a
flux form and o(E) is a cross-section function. When calculating an unknown
spectrum, the preceding quantities are used in an iterative process to modify
an initial input spectrum until activities are obtained which agree with a
measured set of activation data.

The second of the three uses of SAND I has been investigated to determine
the effect of different reactor spectra on the response function (activity)
of foil monitors. Knowledge of the energy range over which the detectors will
be sensitive will enable selection of the most appropriate foils for the de-
termination of the reactor spectra. The usefulness of the SAND I program can
be illustrated by selecting a number of activation monitors and determining
the expected response in different reactor environments. Knowing the approxi-
mate spectral shape, an experimenter could then insert these data into
SAND I and obtain information regarding the energy range over which the
majority of the activations will occur. Three reactor spectra were chosen
for this illustration: the Watt fission spectrum, the water-moderated
Ground Test Reactor (thermal) spectrum, and the Fast Flux Test Facility
(fast) spectrum. The following table lists the activation monitor reactions
and the energy sensitivity limits calculated by SAND I. For the three
spectra, 90% energy limits were chosen, that is, 90% of the activity induced
in the foils is caused by neutrons with energies in the listed range.

90% Energy Sensitivity Limits in Three Reactor Spectra

Fission GTR*# FFTF

Reaction Ep* E,* Eg, Ey EL Ey
(Mev) (Mev) (Mev) (Mev) {Mev) (Mev)
In11%(n,n") 1,50  4.60 1.20  5.80 1.10 3.0
Fe54(n,p) 2,40  6.70 2,10 8,20 1.90  6.10
Ni58(n,p) 2.50  6.60 2.30  8.00 2,00  6.00
s32(n,p) 2.70  6.60 2.52  8.10 2.48  6.10
A12T(n,a) 6,78  11.10 5,52 10,80 6,78  10.50
Cub3(n,2n) 12,3 15,7 12,2 16,9 12,2 15,2

¥Er, = lower energy limit; E, = upper energy limit.
##Dgta obtained from W, N. McElroy, et al, "Neutron Flux Spectra
Determination by Foil Activation, Vol. 1."
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Creep and Creep=Rupture Testing Facility

The building (321-A) assigned for use in this program has been scoped
for general physical layout. Worksheet drawings, based on this scope, have
been issued, and a project proposal and cost estimate are being prepared.
The prototype cell which was to be located in the 326 Building has been re-
designed for location in the 321-A Building. Radiation protection afforded
by the cell design has been reviewed by Environmental Health and Engineering
Department in order to establish operating procedures. With the exception
of tantalum, the materials to be tested after irradiation will not result in
any time limitation for the cell coperator. Development of parts for the
creep test rigs tc be used in the prototype cell is progressing on schedule,
Final assembly and bench testing will follow receipt of parts being manu-
factured off=site. A selection of equipment has been transferred to the
321-A Building tc complete the assembly of one of each type of creep rig to
be instalied. A conceptual drawing of radiological shielding for the sodium
loop faciliity, for irradiated specimen testing, has been prepared. Detailed
design will commence after receipt of the fabrication blueprints for the loop.

Damage Mechanisms

The objective of this program is to determine how interactions between
irradiation~induced defects interact with moving dislocations to modify the
mechanisms of plastic deformation in a metal. Radiation damage and the role
of interstitial impurities in alpha iron are currently being investigated.

During this period, the effort has been directed toward completing and
checking a high vacuum annealing system and writing a journal article on the
thermally activated flow techniques used in this investigation. One addi=-
tional test of the relations derived from this investigation on iron has been
made, It was shcwn that the data from dislocation velocity measurements on
Si-Fe performed by Stein and Low could be satisfactorily described by equa-
tions derived from our experiments and that tests conducted at different
temperatures obeyed the predicted relationship. Such temperature terms were
absent in the equations of Stein and Low.

ATR Gas Loop Supporting Studies

High Temperature Test Equipment

Preliminary estimates indicate that additional high-temperature creep
and tensile equipment than presently available will be required for the
experimental phase of the program.

Transfer Facility

Early completion of the transfer facility (five months prior to loop
startup per our request) has been incorporated intc the Fluor construction
schedule., The current schedule lists completion of the transfer facility
by November 1, 1967.

Critical Assembly

Design approvel and delivery schedule for the critical assembly have not
yet been received from INC.
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Test Assembly

A second exposure, 52 additional hours at 1600°F (870°C), was obtained
on the refractory test assembly in the vertical section of the model loop.
A summary of the total exposure for this assembly is presented in the fol-
lowing table. After removal from the loop, dimension measurements showed
evidence of additional small changes in the diameter of the outside con-
taining rings of the holder. No tightening of specimens in the holder oc-
curred during this exposure. The top retaining nut remained frozen.

Tensile tests at room temperature and 1400°F {760°C) were conducted on
Hastelloy=X specimens of the tapered head design. Tests were conducted to a
point beyond the ultimate tensile strength without specimen fracture, and
the deformation characteristics of this design were analyzed by means of com=
parative tensile data with buttonhead samples and by pre-post dimension
measurements. Results show that a significant portion of the machine cross-
head extension (+10%) is due to deformation in the tapered head at 14OQ°F
(760°C). A much smaller error (~1%) is seen at room temperature. These
tests point to the need for additional extensometry to obtain accurate
elevated temperature strain measurements with the tapered head specimen
geometry.,

Thermal=Hydraulic Analysis

The analytical thermal=hydraulic study of the test assembly has been
initiated, A computer program based on the heat transfer characteristics of
a single tensile specimen will be utilized to build up the thermal behavior
of the entire test assembly for specified operating conditiocns.

The table contains the temperature distribution data obtained from the
test assembly exposure in the model loop. These results show an axial tem-
perature gradient along the periphery of the assembly which is opposite in
sign to the anticipated gradient {(i.e.,, the gradient was expected to have
the same sign as the gradient along the centerline position). This temperature
distribution may reflect the basic flow pattern in the loop test section rather
than the flow characteristics around the assembly, since the gas flows from
a reduced throat section (1,5-inch diam.} into the test section (3-inch diam.)
with the assembly (3-inch diam.) resting directly over the throat. This con-
figuration is not typical of the ATR gas loop test section, which does not
have a reduced section. Observations of the oxidized tantalum specimens
(see Specimen Surface Behavior) after the second exposure in the model loop
appear to be of interest to the thermal-hydraulic analysis. Specimen oxidation
in the contaminated gas stream is quite likely controlled by the rate of
arrival of impurity atoms at the specimen surface, which may be related to
boundary layers, and hence to heat transfer coefficients. Using this rather
general, qualitative analogy, the observed oxidation pattern, which shows
more oxidation of the tapered buttonheads than of the gage section, may be
indicative of different heat transfer coefficients in these areas of the
specimen,

Test Section Liner

A literature review has to date revealed only cne study of irradiation
effects in niobium or niobium alloys at elevated temperature. The limited
study indicated a relatively small decrease (%15%) in in-reactor rupture life
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History of Test Assembly Exposure in Model Gas Loop

First Exposure

Temperature (nominal) 1T00°F (925°C)
Time at Temperature 135 hours
Pressure Drop 2 inches H20
Temperature Gradients (typical)
Tier Center Line Periphery Radial AT
c 1730°F (9kkoC) 1667°F (909°C) +63°F (+35°C)
A 171L°F (935°C) 1679°F (916°C) +35°F (+19°C)
Axial AT +16°F ( +9°C) -12°F ( -T7°C)
Number of Thermal Cycles L
Average Heating Time 5 hours
Average Cooling Time 3 hours
Gas Purity at 1T00°F (925°C) Operation
H,0 1 ppm
Hy + No 0.5 ppm
Second Exposure
Temperature (nominal) 1600°F (870°C)
Time at Temperature 52 hours
Pressure Drop 3.5 inches H20
Temperature Gradients
Tier Center Line Periphery Radial AT
o 162L°F (885°C) 1491°F (810°C) +133°F (+75°C)
A 1610°F (877°C) 1563°F (850°C) + L7°F (+27°C)
Axial AT +1L4°F ( +8°C) =72°F (-ko°C)
Number of Thermal Cycles 1
Heating Time 5 hours
Cooling Time ~3 hours
Gas Purity
Time Temperature Impurity Analysis
0 n350°F (177°C) Hs0 26 ppm
2 hrs ~1000°F (538°cC) Ho0 4 ppm
Hp 4 ppm
5 hrs ~1600°F (870°C) Ho0 1.5 ppm
Ho 1.5 ppm
Co ~0.5 ppm
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of Nb - 1 Zr at 1800°F (980°C) and 2000°F (1090°C). Several studies of
Nb irrediated at reactor ambient temperatures have been conducted, and
those experiments which included postirradiation annealing will be of
some value in understanding high temperature irradiation effects in Nb.
Since interstitial element ccontamination can have significant effects on
the properties of Nb and Nb alloys, studies of the effect of model loop
exposures on the properties of Nb will be conducted.

ATR and Model Loop Corrosion Surveillance

Design of the specimen holder for insertion of corrcsion samples into
the model ioop has been completed. This holder, constructed primarily of
Mo, Mo-TZM, and stainiess steel, will accommodate 21 samples {1.50-inch x
0,50-inch x 0.06-inch). The assembly will be placed in the heater dis-
charge section of the loop where specimen temperatures of 1900 to 2100°F
(1040 to 1150°C} can be obtained. Sample materials will inciude Has-
telloy X-280, Haynes 25, niobium, molybdenum, and tungsten, and evaluation
techniques will be based primarily on weight change measurements and
metallographic studies.

Specimen Surface Behavior

In the second exposure (52 hours) of the test assembly in the model loop,
the contamination level in the helium was quite high during the initial
portion of the exposure (as shown in the previous table). Post-exposure
examination revealed considerably greater specimen contamination in this
test compared to the first exposure (135 hours). Molybdenum specimens at
the inlet end exhibited a cloudy, glaze-like surface contamination which
eppeared tc be considerably thicker than the thin fiim observed after the
first expcsure. Presumably this surface contamination is solidified oxides
which were liquid at the test temperature. Molybdenum specimens in the
second and third tiers of the assembly, away from the gas inlet, showed
little or no evidence of contamination., Tantalum specimens throughout
the assembly exhibited & purple surface film, presumably an oxide. This
contamination was more severe at the gas inlet end. The degree of con-
tamination alsc varied along the length c¢f each specimen, being more severe
on the buttonheads than cn the gage length. Tungsten specimens, niobium
specimens, and the niobium allcy {SCb 291) holder exhibited little or no
visible contamination, However, the absence of a visible surface film
does not mean that specimens were not contaminated. Transparent oxide
films or the direct dissclution of oxygen rather than film formation would
escape detection by visual inspection, There is also the possibility that
"gettering”" by the tantalum and mclybdenum can affect contamination of
other materials or at various positions.

Neutron Dosimetry and Gamma Heat Probes

The standard practice cof using metal wire to measure reactor fluences
has until recently only required that the material remain intact and re-
coverable after exposure to service temperatures up to apprcximately 1000°C.
At high temperatures, prcblems can arise with metal monitors such as iron
and nickel with melting points arcund 1500°C, At temperatures above 1000°C,
the materials are subject to both corrosion and high-temperature reactions
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with other materials which they may contact. The determination of fluence
requires that the solid monitor be weighed and the activity of some particular
isotope be measured, The activity of the wire is generally expressed as
disintegrations per second per milligram of material counted. Since the
purity of the metal or alloy determines the quality of this activity, any
corrcsion or contamination by other elements would cause error,

The ATR gas lcop is being designed for a gas outlet temperature of
2000°F {1095°C). It zan be shown that even higher specimen temperatures may
be reached, depending on the heat-transfer characteristics of the specimen
assembly., Flux monitors, if they are not thermally grcunded, could reach
temperatures that approach their melting points. In order to provide methods
of measuring fluence at temperatures above the serviceable limits of present
menitcor materigls, monitors must be developed that will not melt, corrode,
or become easily conteminated by their environments.

One group of materials that lends itself tc high-temperature service
is the metallic oxides. Monitors prepared by mixing oxides of metals such
as ircon and nickel with aluminum oxide are presently being tested by the
Dragon Project in England. The material is formed into small pellets that
do not require a large irradiation space and are easily handled and counted.
The art of mixing has not been developed to the point, however, where the
same amount of metal is contained in each individual pellet. Calibration
of each pellet is required and is accomplished by exposing the pellet to a
reactor neutron flux for a short period of time, counting the induced
activity, and calculating the amount of metal that each pellet contains.

We have obtained scme of these pellets and have irradiated a portion of
them for calibration. After calibration they will be used for low-temperature
monitocrs along with the standard metal monitors to determine their usefulness.
Attainment of a local source of supply and of improved mixing and forming
methods is desired. Calibration of the monitors would then be reduced to
lot sampling as is the case with metal monitors.

Fast Neutron Mechanisms

Preliminary testing and calibration of the mass spectrometer gas detection
system for the hydrogen permeation apparatus has been completed. Hydrogen
flows on the order of 1 x 10~! atm cc/sec can be detected with the present
equipment. This sensitivity is adequate for the initial higher temperature
{>400°C), steady-state hydrogen permeation experiments that will be conducted
on the relatively permeable ircon and nickel-base alloys. In addition, the
versatility of the present cycloidal-focussing spectrometer system is required
for projected surface effect studies in order to identify hydrogen compounds
formed by the reaction of effusing hydrcgen with carbide, nitride, or oxide
components of surface corrosion product layers,

A high sensitivity hydrogen leak detector will be required as the primary
sensing element in the gas detection system for lower temperature permeation
work, the more-demanding dynamic permeation experiments, and in-reactor
permeaticn studies. These specialized mass spectrometers are capable of mea-
suring hydrogen flows as low as 1 x 1010 atm cc/sec.
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Work is also progressing on the development of simple gas-metal ana-
logue systems that can be used for ancillary investigations of helium
bubble behavior and effects in fast reactor alloys. Bubble growth and
mobility, bubble-defect interactions; and other basic aspects of normal
bubble behavior are essentially independent of all but the P=V-T properties
of the occluded gas, provided that the particular gaseous element or com-
pound involved is neither appreciably soluble in nor reactive with the
matrix over the temperature range of interest. Thus, internally precipitated
water vapor bubbles can, for example, be used to simuiate inert gas bubble
behavior in iron, nickel, cobalt, copper, silver, lead, and many of their
alloys.

The advantages of such an analogue approach are numerous. In many
cases, one of the analogue gas reactants and a matrix component represent
a solid-state system that is amenable to heat treatment. Hence, some control
can often be exercised over both the size and the spatial distribution
(including intergranular versus intragranular distribution) of the resultant
bubbles. The internal bubble pressure can also be regulated in the case of
hydrogenous analogue compounds by varying the fugacity of the hydrogen in
the specimen environment.

An analogue approach is particularly valuable when possible vacancy
effects are of concern. Since the diffusivities of the interstitial com-
ponents of the normal analcgue gases are not a function cof either vacancy
availability or mcbility, it is possible to increase bubble pressure and
thus induce swelling without involving or in any way perturbing the vacancy
flux to the growing bubbles. The formation of strain centers in helium-
metal systems under conditions of restricted vacancy supply can alsc be
readily simulated inasmuch as interstitial elements are relatively mobile
and can react at temperatures substantially less than thcse reguired for
appreciable vacancy diffusion.

The initial experimental work in these areas is being conducted using
e hydrogen-cuprous=-oxide-water vapor analogue system. A special reaction
cell with provisicn for the filamentary dissociation of molecular hydrogen
has been constructed to facilitate hydrogen charging at low reaction
temperatures,

High Pressure Studies

Two internal documents, “Ultra-High Pressure Research - Its Present
Status and Capabilities" and "Effects of Pressure on Point Defects Present
in Irradiated Solids," have been written and distributed. These papers are
the first two in a series of six cutlining the applicaticns of ultra=high
pressure in irradiation damage studies.

The irradiation-induced phase transformation in ZrO, has been investi-
gated. It is known that the transformation from the monoclinic to the cubic
form occurs after the solid experiences, at 1 atmosphere, 10+ fissions/cc
from the uranium and thorium impurities in ZrOp. Zirconia has also been
transformed from the monoclinic to the tetragonal (pseudo-cubic) form under
the action of pressure alone. This raises the questions: what is the com-
bined effect of irradiation and pressure on the phase transformation, and will
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the transformation require a fewer number of fissions/cc under pressure

than at 1 atmosphere. In an attempt to answer some of these questions,
monoclinic ZrOp is being doped with small amounts of fissionable materials
and subjected to various pressures under irradiation. The high pressure
device, described previously, has been improved to conduct x-ray diffraction
analysis of a material under pressure, before and after irradiation. In
this manner, the required fission density for the transformation under iso-
baric conditions can be isolated. This information should verify the effec-
tiveness of a 'fission spike’ in promoting phase transformations at 1 atmos-
phere.

ATR GAS LOOP OPERATION AND MAINTENANCE (G. A. Last)
Evaluation of the Struther-=Wells Heater

The microstructure and hardness survey of the molybdenum heating elements
has been completed and is summarized in the following table. These data show
that some softening of the molybdenum occurred over the first four to five
feet of the heater length, but the wrought structure is still maintained. 1In
the last seven to eight feet of the heater, the molybdenum is completely re-
crystallized with only small variations in grain size. Metallographic
examination revealed nc indication of second phase particles resulting from
contamination by the helium gas, although the material contains some large
carbide particles which are typically found in commercial purity molybdenum.

Tensile specimens of standard molybdenum material were recrystallized at
2500°F (1370°C) in vacuum to provide a baseline for later tests on material
from the recrystallized section of the heater. Results of the room temperature
tensile tests are also presented below. The elongation values show that re-
crystallized standard material has a ductile-brittle transition below rocm
temperature. Experiments in the electron beam tensile furnace have led to a
specimen design for which acceptable temperature gradients can be maintained
at 2500°F (1370°C), Specimens for elevated temperature testing are now being
fabricated.

Shielded Filter

Several materials that would operate at 1600°F (870°C) without undue
swelling or reactions with the Hastellcy pipe have been examined as possible
substitutes for the iron beads specified for the shielded filter. Unfor-
tunately, the materials selected are costly and hard to procure. Based on
the data accumulated, it would be to cur advantage to insulate the Hastelloy
pipe to reduce the temperature of the shielding material. This concept
permits the use of either lead or iron shot and would result in a considerable
savings in shielding material. Insulating the Hastelloy pipe with approxi-
mately 3 inches of Min=K insulation reduces the shielding material temperature
from 1600°F (870°C) to about 200°F (93°C). These recommendations have been
transmitted to the Architect Engineer for his consideration.
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Microstructure and Hardness of Molybdenum Heating Elements

Micro-
Distance from hardness ASTM
Sample Inlet End, ft. Structure DPH Grain Size
Standard heat-
ing element
Fin - Wrought 280 -
Weld - Large grained, 177 -
two phase
Heater
Fin 2 0 Wrought 291 -
3 Wrought 240 -
6 Recrystallized 182 8
9 Recrystallized 182 8
12 Recrystallized 177 7.5
Fin 8 0 Wrought 283 -
3 Wrought 250 -
6 Recrystallized 180 8
9 Recrystallized 179 8
12 Recrystallized 175 7.5
Fin 14 0 Wrought 282 -
3 Wrought 253 -
6 Recrystallized 182 8
9 Recrystallized - 8.5
. 12 Recrystallized - -
Fin 23 0 Wrought - -
3 Wrought - -
6 Recrystallized. 178 8.5
9 Recrystallized 184 8.5
12 Recrystallized 180 7.5
Weld 0 Large grained, 171 -
two phase
! 12 Large grained, 177 =

two phase
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Room Temperature Tensile Properties of Standard Molybdenum
Recrystallized at 2500°F (1370°C) in Vacuum

Sample Yield Tensile Elongation
No, Strength, psi Strength, psi % in 1 in.
2 81,000 84,100 32
8 71,000 83,000 37
10 83,000 83,000 36

Gas-Cooled Loop Vendor Data Review

Review of contract submittals for the ATR gas loop continued. Major
efforts during the past month were devoted to a review of the gas purification
system, main instrument panel, and the transmitter panel. A meeting was held
at Johnson Service Company in Sausolito, California, on August 11, attended
by PNL, INC, Fluor, IDO, and Ebasco Services to present comments on the main
instrument panel submittals, and to assure that the vendor is aware of his
responsibilities for the entire instrument system. A meeting of the cognizant
agencies was held to make a complete review of the system and to resolve and
consolidate the comments to be presented.

METALLIC FUELS DEVELOPMENT (G. A. Last)

Irradiation of Thorium=Uranium-~Zirconium Fuel Elements

The irradiation of six tubular Zircaloy-2 clad, thorium - 2.5 wt% uranium,
1,0 wt% zirconium fuel elements continued successfully in the ETR-PT and M3
loops. The current conditions for the six elements are summarized in the fol-
lowing table. The volume increase of 2,5% for the element having the highest
exposure is only slightly greater than that required to accommodate the solid
fission product atoms.

Irradiation Status of Th - 2.5 wt% U - 1.0 wt% Zr Fuel Elements

BU Maximum Surface Heat Flux Specific Power Fuel Volume
Fuel TFissions/em3 Core Temp. cal/sec-cm? wvatts/gram Increase
No. _(MWd/ton) °c (Btu/hr-ft) (KW_ft) %
65 5,3x1020 465 L3 Lo 2.5
(15,200} (5.7x102) (120)
64 3.6x102C L2o 35 31 1.k
(10,300} (4.6x105) (95)
T1 1.9x1020 495 49 45 0.6
( 5,500) (6.6x103 (138)
T2 1,0%x1020 490 L6 L2 0.0
( 3,000) (6,2x107) (129)
70 0.9x1020 470 42 39 0,1
{ 2,700) (5.6x10°) (118)
85 0,5x1020 Lys 37 34 -0.5

( 1,500 (4.9x105) (103)
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Postirradiation Evaluation of Thorium-Uranium-Zirconium Fuel Element

Optical and electron metallography of a Th - 2.5 wt% U - 1 wt% Zr alloy
fuel element irradiated to 1.4 at.% burnup (11,850 MWd/ton) in the ETR
pressurized hot water loops is being compared with metallography of unirradiated
fuel, Both unirradiated and irradiated specimens were etched by ion bombardment
for 1/2, 1, and 2-hour periods. A superficial substructure has been observed
in the grains of the irradiated sample that is not evident in the unirradiated
sample. Additional metallographic examinations will be made to verify or refute
the existence of the observed substructure and to provide additional data on
the damage imparted to the fuel by its irradiation exposure. The accumulated
irradiation exposure has not produced microporosity or dimensional instability
in the fuel alloy.

Chemical burnup and uranium isotopic analyses have been made on a sample
of the fuel material. The uranium isotopic analyses before and after the
irradiation are as follows:

Uranium Isotope % Before % After
232 —_ 0,02

233 0.09 35.10

23k 1.07 2.73

235 93.20 Lk .99

236 0.2k 10.26

238 5.40 6.93
100.01 100.03

Burnup by the cesium fission-product method is 1.3 at.% compared to 1.5 at.%
calculated from the isotopic analyses. The accumulated ETR exposure data in-
dicated a burnup of 1.4 at.%. These three independent estimates of the burnup
are in good agreement and lend credence to the ETR exposure data.

High Exposure Uranium Irradiation Test

A fuel element irradiation test has been designed to operate uranium fuel
rods at high temperatures to burnups greater than 10,000 MWd/ton. The variables
to be studied include fuel composition, external restraint, and internal void
volume. The combined effects of the uranium plasticity and the restraints
from the cladding and system pressure are expected to cause the uranium
swelling to be accommodated by a central hole. Two uranium compositions are
being used: U + 350 ppm Fe + 800 ppm Al, and U + 150 ppm Fe + 100 ppm Si.
Fuel rods 0.450-inch diameter were fabricated by coextrusion with either
0.025 or 0.050~inch thick Zr-2 cladding. Central voids ranging from 5 to 20%
of the fuel volume will be provided. Fuel enrichment of L.5% is being used
to achieve the desired temperatures and burnup rate.

The fuel rods have been fabricated and beta heat treated. Metallographic
examination of both as-extruded and heat treated sections has been made, in-
dicating satisfactory quality and dimensions. The clad-to-core bonds are uni-
form, and no unusual conditions were observed in the beta treated uranium
structure. Current work involves preparation of the central voids,
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ENGINEERING DEVELOPMENT

NEUTRON FLUX MONITORS (W, G. Spear)

Regenerating Detectors

Arrangements were nearly completed for procurement of a new set of
0.25-inch diameter chambers for reactor in-core investigations to establish
a more complete definition of operational characteristics useful in the
commercial exploitation of the concept. This set will include detectors
with a regenerative coating (approximately 90% U234 ana 10% U235)9 with
conventional U23> coating, and with no fissile material. This selection
should provide valuable comparison data, adequate experimental control, and
thorough investigation of regenerating detector constant sensitivity and
relative gamma characteristics.

Because of the emphasis on fast flux reactors, investigations are in
progress regarding candidate isotopes for application of the regenerating
concept to in=-core measurement of fast flux.

Beta Current Generator Detectors

Laboratory tests conducted at the 1.8 x 102 Ci gamma facility (Co60)
verified that a balanced gamma response characteristic was achieved between
the two electrode elements of the new dual-chamber detector, The matched
response is important to the achievement of gamma compensation, which will
be obtained by subtraction of the carbon signal from the boron-11 signal.
This dual-chamber detector concept for in-core reactor neutron flux measure-
ment is being developed to provide fast response and long=-life operational
characteristics. The Bl captures thermal neutrons and transmutes to B12,
which decays by the emission of a 13.4 MeV betas to C1l2 with a relatively
short half-=life of about 20 milliseconds. The beta particle emission
generates an electrical signal current proportional to the thermal neutron
flux level,

Planned initial laboratory tests will determine the detector neutron
characteristics at low flux levels (about 10° nv). When these tests are
completed, high flux level in-core testing will be conducted to ascertain
the operational characteristics.

Microwave Detectors

Change in the resonant frequency of a microwave cavity, due to the change
in dielectric constant caused by neutron bombardment of an appropriate gas,
can be used as a measure of the neutron flux density. The neutron (n,p)
reaction and subsequent ionization of the gas by the resulting charged
particles create, within the cavity, a plasma with an electron number density
proportional to the neutron flux density, where the dielectric constant of
the plasma is proportional to the electron density.

Inasmuch as the electric field within the cavity tends to concentrate
within the walls of any capsule used to contain the gas, techniques are being
sought to establish a gas=tight seal between the cavity and waveguide, It
now appears that appropriate facilities are available for the brazing of the
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required metalized ceramic seals, which have been ordered., Test cavities
have been designed for use with the seals. Successful cavity sealing will
permit acceleration of the planned reactor in-core experimentation. For
future effect, attention is being given to application of the microwave
techniques for fast flux measurements.

MICROWAVE AND INFRARED DETECTION OF COOLANT IMPURITIES AND MEASUREMENT OF
IN-REACTOR TEMPERATURES (W. G. Spear)

Microwave Detection of Impurities in Coolant Gases

The dielectric constant of a gas is a function of the constituents of the
gas, If a gas, such as helium, is mixed with water. vapor, the dielectric
constant of the mixture will depend upon the relative amounts of helium and
water vapor. Since the resonant frequency of a microwave cavity is inversely
proportional to the dielectric constant of the media contained within the
cavity, the shift in frequency of the cavity can be utilized in measuring the
amount of water vapor at a given pressure and temperature. For experimenta-
tion, a microwave generator is stabilized to the resonant frequency of the
designed sample cavity through use of a reference cavity. The amount of de-
tuning of the sample cavity is then measured in a simple fashion to give an
indication of water vapor present.

Short-term tests are being performed using the developed variable pressure
saturator to introduce controlled amounts of moisture into the helium gas
stream, For these tests, a standing wave ratio meter is used as a tuned volt-
meter to provide a measurement of moisture. A water vapor change of approxi-
mately 8000 ppm gave a full scale reading, with changes as low as 400 ppm
being detected at levels of 1200 ppm, where the 1200 ppm level was the
minimum operational level of the saturator. The actual value of the corres-
ponding microwave frequency shift was not determined due to difficulties in
measuring shifts of this magnitude. In planned experimental work, measure-
ments at both lower and higher concentrations of moisture will be made along
with determination of the frequency shift values, with future effort planned
at higher temperatures and for long-term stability determinations,

High Temperature Measurements

Measurement of extremely high temperatures subjects the sensor and its
associated lead-in wires to an environment in which limited accuracy and short
life is expected. The requirement to monitor high temperatures in nuclear
reactors in a.reliable fashion with long=-lived sensors dictates that new
techniques be used.

A method to accurately monitor reactor in-core temperature as high as
1500°C (higher, using special metals) would be to measure the temperature-
induced frequency shift of an inserted microwave cavity. By selecting the
proper excitation mode and cavity geometry, the temperature may be related to
one linear cavity dimension. A completed cavity design should permit achieving
a sensitivity of about 360 kHz per degree Centigrade change in temperature
(or about 3 parts in 105 frequency change per °C temperature change). This
variation in frequency should be detectable using heterodyne techniques and
phase sensitive detectors. Laboratory tests for the technique are not complex
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and will permit verification of the linearity of temperature change with
freguency shift over the extended range of temperature monitoring contem-
plated. For the initial step, fabrication of the high melting point
cavities and waveguides has been resolved.

Infrared Technique

Calibration of equipment (variable pressure saturator) used to add
controiled amounts of water vapor to a gas stream was completed. The
equipment proved effective in producing dew points between 10°F and 60°F,
where these dew points correspond to gas inlet pressures of T5 lb/in2 and
8 1bs/in2, respectively, above atmospheric pressure.

The Mark I hygrometer calibration data were obtained using the developed
rotating filter wheel and several balancing wedge filters, where the best
filter yielded a calibration extending, in a smooth fashion, from dew points
of -50°F, with %5°F sensitivity, to +55°F, with a resulting %1°F sensitivity.

This hygrometer derives its signal from the 2.6 micron water vapor
absorption band, which is very close to an absorption band at 2.7 microns
for carbon dioxide, The instrument showed considerable sensitivity to carbon
dioxide, a fault to be corrected by modification of the rotating filter wheel,
Two other filter wheels peaking at 2.5 microns should provide the desired
sensitivity to water vapor, while avoiding the carbon dioxide absorption
band, In addition, a filter wheel is being assembled for operation at the
1,8T-micron water vapor absorption band. Absorption strengths are less in
this region, but there is no interference with absorption bands of other
gases. Furthermore, lead sulphide detection sensitivity is more uniform in
this region, and suitable optical materials for lenses and filters are fully
available.

PLUTONIUM RECYCLE PROGRAM (F. G. Dawson)

FUELS DEVELOPMENT

The results of a joint BNW=ANL program on the transient irradiation be-
havior of Zircaloy clad, vibrationally compacted U0, fuel rods in the Transient
Reactor Test Facility are described in a paper submitted for publication in
Nuclear Applications. The paper, entitled "Transient Meltdown Irradiations
of Vibrationally Compacted UOp Fuel Rods in TREAT," was authored by
R. C. Liimatainen, M. D. Freshley, and F. J. Testa. In these transient ex-
periments particular emphasis was placed on determining the extent of
cladding~fuel=water reaction, the peak pressure produced during transient
meltdown, the rate of pressure rise, and the particle size distribution for
the fragmented fuel and cladding. These experiments provided data for a com-
parison between the transient irradiation behavior of vibrationally compacted
UOs fuel rods and fuel rods containing UOp sintered pellets.

The PRTR irradiation program, which was outlined in the fiscal 1967
through fiscal 1970 Plutonium Utilization Document 1), has been presented

(1) BNWL-298, Program Analysis and Plans, Plutonium Utilization Program,
FY=1967 through =1970, dated July 1966.
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in detail in a topic report entitled "Plutonium Utilization Program:

PRTR Irradiation Plans™ by M. D. Freshley, R. E. Sharp, and R. E. Skavdahl.
This report is currently being prepared by Technical Publications for dis-
tribution. The PRTR irradiation plan includes fuel element irradiation
tests to be conducted in the Plutonium Recycle Test Reactor with the Batch
Core Experiment and in the Fuel Element Rupture Test Facility. Individual
fuel rod reactivity measurements will be made in the Plutonium Recycle
Critical Facility. The Batch Core Experiment will provide statistically
significant performance data on vibrationally compacted, mixed-oxide fuel
elements operating at maximum fuel temperatures being considered for power
reactors and to maximum fuel element burnups of 15,000 MWd/MTfue1. These
tests will provide needed information concerning the feasibility of operating
full core loadings of plutonium-bearing fuels of specific powers to burnups
of interest for commercial power reactor applications.

Irradiation testing of nondefected and deliberately defected fuel rods
will be conducted in the FERTF at maximum rod powers to 28 kw/ft with fuel
temperatures above melting. Because a commercial power reactor should be
capable of accommodating in-core lesker fuel elements, a study of the defect
behavior of oxide fuel rods constitutes an important part of the fuel element
testing program. Another important objective of the program is to provide
a direct comparison of irradiation behavior of pelleted and vibrationally
compacted oxide fuel rods operating under high performance conditions, i.e.,
meximum linear rod powers in the range of 20 - 28 kw/ft and with significant
fuel melting. The FERTF fuel testing program will be performed in three
sets of experiments conducted at nominal maximum linear rod powers of 20,
24k, and 28 kw/ft. Each set of experiments will be conducted in essentially
the same way with the only significant difference being maximum rod power.

One thoria-filled, pressure test element is still being held by Plu~
tonium Fuels Engineering. With this exception, all fuel and test elements
for the Batch Core Experiment in the PRTR have been shipped. An inventory of
hardware and fuel component items for replacement elements has been accom-
plished, and work is being initiated to procure needed material.

PRTR Fuel Rod Pressure Test

Three instrumented UO, - 2 wt% PuOp fuel rods were charged in PRTR.
Fach rod is equipped with a thermocouple and a pressure sensor to indicate
the temperature and pressure in the gas plenum during reactor operation.
Two of the rods located in one 19-rod cluster are positioned near the center
of the reactor core. The other instrumented fuel rod is contained in a 19=
rod cluster located near the periphery of the batch core,

Mark I-~R Pellet Fuel Rods

The order placed with General Electric Company for design and fabrication
of 77 Mark I-R high power density fuel rods containing pelleted UOp = PuOp
fuel is progressing on schedule, These rods will be irradiated in the PRTR
to provide a direct comparison of the irradiation behavior of pelleted and
vibrationally compacted oxide fuel rods operating under high performance
conditions,
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Fifty-three fuel rods have been completed by General Electric Company
and will be shipped to Battelle-Northwest Laboratories this month. The
remaining 24 fuel rods are scheduled for delivery in September.

Plutonium Characterization Studies

The determination of the low energy gammas and x-rays emitted by the
three Shippingport plutonium samples has continued during this reporting
period with limited success, Several problems have been encountered,
primarily electrical noise, which has limited resolutions to 4 keV (FWHM)
at 60 keV., This has to be improved to between 2 and 3 keV (FWHM) at 60 keV
before this phase of the program can be continued. The resolution of our
present detector-dewar, electronics system is limited because of the fol-
lowing reasons: (1) The noise level of our present pre-amplifier is
approximately a factor of two too high because the imput transistor, a
Field Effect Transistor, has to be replaced. (2) Moisture condenses and
collects at the electrical connectors inside the detector sample chamber
of the dewar. (3) The solid state detector, itself, does not meet speci-
fications. These problems are being worked on.

EBWR DEMONSTRATION PROGRAM
Irradiation Testing of EBWR Prototype Fuel Rods

Three capsules, the last of a group of 32, are still under irradiation
in the MIR and have attained a maximum burnup of 25,100 MWd/tonne of fuel
{6.23 x 1020 fissions/em3). The maximum goal burnup is 27,500 MWd/tonne of
fuel. The double-clad capsules (see table below) contain short lengths of
EBWR fuel rods. The Zircaloy-clad rods (1.07 cm OD) were made by the vibra-
tional compaction technique and utilized pneumatically impacted UOp -

1.5 wt% PuOp fuel., The following capsules were charged into the MTR in
February 1964, and have operated at an estimated maximum linear power of
535 W/em (16.3 kw/ft):

EBWR UO2 - 1.5 wt% PuOp Capsule Tests

Capsule No, Fuel Bulk Density Estimated Current Burnup
GEH=1k4- (% of theo.) MWd/tonne of fuel fissions/cm3
523 8l 23,600 5,88x1020
524 8l 25,100 6.23x1020
529 8l 21,400 5.33%x1020

Thirty-~three production-run EBWR rods, 1.07 cm OD by 148 cm long
{includes a plenum, 14.6 cm long), are presently in reactors. Irradiation
Fuel Element No, 6501, a 21-rod bundle, in the PRTR will continue when the
reactor resumes operation. Present burnup on Fuel Element No. 6501 is
2690 MWd/tonne of fuel (0.7 x 1020 fissions/cm3, and goal burnup is
10,000 MWd/tonne of fuel. Rods can be removed and replaced in the bundle.
The other 12 rods are being tested elsewhere in 3-rod cluster form, Cluster
goal burnups to 27,500 MWd/tonne of fuel are planned. A total of 58 - 64
full=size rods are to be irradiation tested, and, of these, 25 have been ir-
radiated and discharged.
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REACTOR PHYSICS
Do0 Moderated Systems

Correlation of Theoretical and Experimental Lattice Parameters

An attempt is being made to theoretically predict the lattice parameters
for a UO2 fueled - D20 moderated and cooled 19-rod cluster,which will corre-
late the experimental values. Results of previous studies(19 in correlating
the thermal utilization, f, for the 8-inch lattice, showed a 3% discrepancy
between theory and experiment. The analytical (theoretical) results for
these studies were obtained assuming Zircaloy cladding and process tube. The
experiment, however, was performed using aluminum for the clad and the
process tube. A subsequent calculation whereby the aluminum replaced the
Zircaloy resulted in a value of f which compares favorably with the measured
value,

The scope of the study was extended to include a T-inch and 9-inch
lattice and to compute values of k_ to compare with experimental values.,
The comparison of preliminary calculated values of f and k_ to experiment
are shown in the following table. The theoretical results were obtained from
calculations using the THERMOS and HRG codes. The theoretical and experi-
mental values of f and n are in reasonably good agreement, whereas a 3% dis-
crepancy in k_ results. This discrepancy is apparently resulting from the
computation of the product pe. The Bell correction was utilized in determining
the mean chord length 2, which is used in the spatial self-shielding correction
in the HRG code. Other means of obtaining this factor are currently being
investigated along with their effects on k .

Photoneutron Effects

Calculations have continued to determine the effectiveness of gamma rays
in producing photoneutrons in deuterium using transport theory methods. Cal-
culations have been completed for various 19-rod clusters at room temperature
in the PRTR.

Results show that a uranium-carbide (UC) cluster which is 1light-water
cooled and heavy-water moderated is 25,82% as effective in producing gamma
rays in deuterium as is a point source. A Pu-Al cluster which is heavy-water
cooled and moderated is 7.20% as effective in producing gamma rays in deu=-
terium as is a point source. These values are compared to 28.06% or 17.58%
which was reported previously for a 2 wt% PuOp - UO2 cluster with heavy or
light water coolant, respectiveiy.

(1) J. R. Worden, W, L. Purcell, and R. C. Liikala, "Modifications to the
Computer Code, THERMOS, and Comparative Studies on Scattering Kernels,"
Physics Research Quarterly Report July., August, September 1965, BNWL-193,
October 15, 1965.

(2) J. R. Worden, W. L. Purcell, and R, C. Liikala, "Sensitivity of Thermal
Reactor Parameters to Scattering Model," Physics Research Quarterly
Report, January, February, March, 1966, BNWL-284, April 15, 1966,
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Batch Core Experiment in the PRTR

Fuel loading and critical testing have begun for the Batch Core
Experiment in the PRTR. Measurements have been made of fuel worths, boron
worths, moderator level coefficients, and some void coefficients in the
range of 6 to 55 fuel clusters and boron concentrations from 0 to 25 wppm
B1O, Analysis of these results is in progress. There is qualitative agree=-
ment between the measurements and previous predictions.

Axial flux traverses have been made in the PRTR using bare gold foils.
The results of counting have been analyzed using the computer code FDCRLP
and then fitted to cosine distributions using the computer code GLEX. The
cosine fits are very good at the center of the fuel, with slight deviations
at the ends due to reflector effects. The peak=to-average flux ratios ob-
tained from these traverses are given in the following table:

No. of Fuel Boron-10 Moderator Peak-Average Fiux
Elements Concentration Level Measured Calculated
9 0  wppm 98.5 in. 1.26 1.25
12 3.5 99.75 1.27 1.26
16 6.9 9k.55 1.32 1.29
23 10.1 95,15 1.32 1.30
31 14,2 96.7 1,31 1,31
55 14,2 72.2 1.86 1.78

Cell traverses using lutetium foils are being made.

A paper summarizing the analytical and experimental results of the Batch
Core Experiment conducted in the PRCF has been accepted by the American Nuclear
Society for presentation at the November meeting.

Additional calculations for the FERTF have been made at the request of
the Fuels Development Section of the Materials Department. These calculations
determined the power generation rate in the FERTF with a borated stainless
steel basket and UOp fuel rods, as a function of U235 enrichment in the fuel.

Determination of boron concentration in DpO moderator solutions has con-
tinued in the Thermal Test Reactor (TTR). All samples taken from the PRCF
during the Batch Core critical experiments have been evaluated for boron con-
centration by reactivity measurements in the TTR., Measurements have begun on
samples taken from the PRTR during critical tests.

Ho0 Moderated Systems
Critical Experiments with PuO2 - UO2 Fuel Rods

Critical experiments have continued in the PRCF using H20 moderator and
1/2-inch diameter, 2 wt% PuOp2 - UOp fuel rods containing plutonium which has
2k wt% pu240, The lattice pitch is 0.85 inch. The temperature coefficient
of reactivity has been measured over the temperature range 22°C to 45°C,
Dysprosium-aluminum pins have been activated to determine spatial distributions
of thermal flux in several different unit cells; the cells contained a fuel rod,
a teflon rod (to simulate a void), a cadmium sleeve, or H20. Reactor noise
experiments have been performed to measure the quantity B/%.
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Calculations have been performed using the series of computer codes
THERMOS ;, HRG, and HFN to obtain analytical results which can be compared
with the results of the critical experiments which involve fuel elements
containing verious concentrations of Pu240, The calculated critical mass
is 3.3% high, and the calculated effective multiplication factor is 0.45%
(4,5 milli-k) low for the loading containing 24 wt% Pu2l0, For a loading
of fuel rods which contain 8 wt% Pu240  the calculated critical mass is
2,2% low, and the calculated effective multiplication factor is 0.40%
(4.0 miili-k) high. For both ioadings, calculated radial distributicns
of thermal copper activation are in good agreement with measured distribu-
ticns and calculated worths of peripheral fuel rods agree to within ~5%
with measured worths.

Graphite Moderated Systems

PCTR Experiments on LX Pu02 = UO2 in a Single Rod Geometry

A series of k  measurements are being made for square graphite lattices
containing 0.5-inch diameter fuel rods at spacings of 2.0 inches, 4.0 inches,
and 5.0 inches. The fuel contains 0.9 wt% PuCp - UOs. The plutonium has a
Pu2h0 content of 7.3 wt%, and the uranium is depleted to 0.23 wt% U235,

The experimental phase of the 4.0-inch lattice is in progress now, A
6h~cell square arrsy has been loaded into the PCTR, and reactivity measure-
ments have been made using the central four cells as the test cell. The un-
poisoned lattice has been flux matched to give a neutron energy distribution
in the test cell that is typical cf the distribution in an infinite array of
cells. Fcil activation measurements have been made in the test cell to deter-
mine the relative absorpticn rates of the cell components,

Reactivity measurements have been made toc determine the worth of the
central test ceil, the worth of copper on the boundary of the test cell, and
the worth of copper in the cavity created by removal of the test cell. Flux
measurements have been made on the surface of the cavity and in the copper.
The flux and reactivity data will be used tc evaluate a recently developed
technique for measurements in an unpcisoned iattice. The reactivity data
also ylelds a preliminary estimate of the mass of copper which will be re-
quired at the cell boundary to reduce the neutron multiplication to unity.
The next step will be t> ccmplete the standard experiment to determine the
correct mass of copper.

PCTR PuO2 Particle Size Studies

Reactor experiments are plannzd to study the reactivity effect of
lumping Pu02 in various sized particles. Fuel rods are being febricated
which will contain 2 wt% Pu0o in PuOp - UCp. Two isotopic concentrations
of Pu2l0 will be studied, and the concentration of U235 will be that of
natural uranium. The Pu0Op particles will be obiate spheroids with major to
minor axis ratio less than 1.5 and will cover & size range of 0 micron
(solid solution) to 700 microns in diameter.

The experiments will be conducted with both graphite and light water
moderator. The graphite phase of the study will be coordinated with the
L.0-inch single rod Pu02 - UOp liattice which is in the reactor now. Initial
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design of a water tank for the experiment in the PCTR test cavity has been
completed, and drawings are being prepared for its fabrication.

The first delivery of fuel rods is in preparation and should be received
next month.

Neutron Physics

Slow-Neutron Scattering

Work has continued on the analysis of scattering law data for HoO at 20°
and 95°C previously obtained with the triple-axis spectrometer., Reduction
of data to scattering law format is nearly complete. The identification of
measurements which were invalid due to systematic errors caused by subtle
order effects is in progress. A formal report is being prepared on these
results.

Data reduction has continued on scattering law data taken on Hy0, D20,
and ice using the rotating-crystal spectrometer. ©Several inconsistencies in
the results obtained from overlapping experiments have been identified and
are being investigated. Attempts to fit the observed scattering law results
with assumed phonon frequency distributions have been started using the
LEAP/ADDELT calculational programs.

The first draft of a paper describing a method of high-resolution mono-
chromatization of slow neutrons has been completed. Subsequently, it has
been realized that certain crystallographic principles may be used to show
that an appreciable fraction of the '"forbidden" reflections which are vital
to the success of the method are in fact strictly forbidden by crystal
symmetry. These points are now being developed for inclusion in the paper.

Fast-Neutron Cross Sections

A draft of an article which compares the experimental neutron total
cross section results on deuterium with theoretical predictions has been
completed.,

Work has continued on the processing of previously obtained total cross-
section results for publication. The work of combining the results of
individual runs is essentially complete. Detailed examination of these
results to remove input errors and inadequate corrections for systematic
effects is in progress,

Cross Section Evaluation

Work has continued on the evaluation of nuclear data on a dozen isotopes
for the AEC Evaluated Nuclear Data File/B., In the course of this work it has
been determined that the BNW results of Foster and Glasgow on the n-p total
cross sections are represented quite accurately by the semi-phenomenoclogical
predictions of Gammel (Fast Neutron Physics, J. B. Marion and J, L, Fowler,
Editors, Part II, pp. 2221-2222, 1963). On the other hand, the BNW results
on the n=d total cross section obtained with the same experimental technique
as used for the n-p measurements and the same sample that was used in the
precision measurements at Livermore show significant areas of disagreement
with the Livermore and some other measurements. These discrepancies are still
being studied.
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A recent publication from Harwell {AERE-R5166) makes a drastic revision
in the value of o (2200 m/sec) for Pu24l derived from controlled transmuta-
tion measurements in & reactor spectrum. The presently reported value of a
is 0.356 *0,017. The originai Harwell value of 0.388 %0.023 was the only
input value in the least-squares adjustment of Westcott, et al, which re-
sulted in a recommended value of 0,379 #0.021. It is apparent that a revised
adjustment using the new value would result in a much lower output value for ap.

Code Development®

BNW Master Library

Updating of the BNW Master Library continued with the following isotopes
receiving extensive mcdifications:

1. U236 was updated by using the resonance parameters contained in BNL-325,
Sup. 2, Vol. 3. The cross secticn data above 1 keV was obtained from
the ENDF/A library with the source listed as AWRE O 30/64. The infinite
dilution resonance integral for this version was 310 barns with 0.45 eV
cutoff. The recommended value in BNL-325 is L0O barns, but this value
could not be obtained with the recommended resonance parameters.

2. pu2k?2 was also updated, but the 2200 m/sec capture cross section was
assumed toc be 30.0 barns fcliowing the measurements of Auchampaugh,
et al, at Livermcre; Pattenden at Harwell; and Young at Phillips,
The resonance parameters were obtained from the values published in
AERE-PR/NP 9 and Physical Review Voli, 146, No. 3. The cross sections
above 1 keV were assumed to be identical to those of PuglO which is the
nearest even plutonium isotope. The resonance integral obtained from
the above record was 1175 barns for a O.45 eV cutcff. The measured
integrals average 1280 barns with an error of 60 barns. Several changes
will still be made to this isotope from the available fission cross
section datsa, This change should not affect any calculations because of
its similarity ve Pu<“Y,

3. N1% vas updated using UNC=5002 as the scurce, Previous versions of
nitrogen aiso used the same reference but had been updated under the
limitation of only 50 points representing differential elastic scattering
data. The current record has 69 such points with improved structure in
the resonance region.

b, €12 vas updated with more differential scattering data. The source of
cross sections was KFK-120. Differential scattering coefficients were
cbtained from UNC-5002. Accuracy for the total cross section ¢f carbon
in the resonance region is significantly improved.

5. In the updated versicn of Pu2lO the resonance region has several new
parameters for fission widths, and the new record wili reflect these
changes. The new data was obtained from LA - DC - 9622, The cross
sections above 1 keV were obtained from AWRE 9i/6L4. The fission cross
sections in this energy region need to be re-updated to reflect the

#Partially funded by 02.
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"PETREL" data which is much higher than the Aldermaston record in the
energy region of 1 keV to 100 keV. The Aldermaston record drops to
0,001 barn fission where the Los Alamos data remain approximately

0.1 barn,

The valley at 10 eV has an experimental measurement for sigma total
of approximately 32 barns, and the single level parameters have always es-
timated a value of approximately 10 barns. To account for the vast dif-
ference, a very large potential scattering term was assumed as recommended
by S, Pearlstein at BNL. ‘

Pu Cross Sections Update

The last major effort of updating the resonance and thermal energy cross
sections for the plutonium isotopes on the BNW Master Library was in 1963,
(At that time known as the R.B.U. Basic Library.) New cross-section data for
these isotopes have been measured and reported in the interim. Also, new
evaluations of the 2200 m/sec constants for the fissile nuclides have been
made. In addition, changes have been made to the Master Library to improve
the fit of partial cross sections as a function of energy. The new cross
section data and descriptions are included now on the BNW Master Library.

The thermal cross sections for Pu239 and Pu2ll (below 5.0 eV) are now
more accurately described as a function of energy. Also, some "spurious"
points have been removed. The comparison of the g values at 20°C shown in
the following table along with resonance integrals for infinite dilution
reflect the effect of these changes.

The resonance cross sections for Pu2h1 and Pu2h2 have been updated. New
resonance parameters which are used in the Breit-Wigner single level formu=-
lation of the cross section are on the library. The comparison of the
resonance integrals for infinite dilution as shown in the table reflect these
changes.

The thermal cross sections for Pu2h2 have been updated. The 2200 m/sec
values of o5 and og now on the library are 30,0 and 8.9 barns, respectively.
These values are the results of recent measurements of the 2200 m/sec total
cross section. These new data yield a slightly different g value than the
previous data as shown in the table,

The effects of updated cross sections of plutonium on the theoretical
prediction of reactivity and burnup are being investigated.

RBU Code

A comparison of RBU calculation with an HRG calculation showed that RBU
had an incorrect formulation of the resonance parameter cross sections. This
has been corrected and a test case will be run with RBU.

Another comparison of the RBU Monte Carlo and THERMOS calculation was
made for a cell containing a boron rod in water. Ideal gas and scattering
cross sections were used in both codes. The average cross section of the
boron in the rod agreed to within 0.1%, while the average water cross sections
are within 1.2%. There is a 10% disagreement in the ratio of the flux in the
water to the flux in the boron rod. RBU had a higher flux in the boron rod.
The difference is believed to be caused by the assumption in THERMOS of
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isotropic scattering in the laboratory system. A simular system using the
Nelkin Model for water showed a 5% change in the flux ratio when a correc-
tion for anisotropic scattering was made. The change should be larger for
an ideal gas so it is believed that the RBU Monte Carlo calculation is
probably correct., PROGRAM S will be used for this problem with Pl scat-
tering to try and get a more accurate number for comparison with RBU,

FUEL CYCLE ANALYSIS

Fast Reactor Economics

Preliminary analysis of the Allis-Chalmers fast reactor calculations
indicates that plutonium from thermal reactors is a better fuel (per gram
fissile) than the plutonium produced in a fast reactor blanket. Based on
U235 at $12/g, plutonium from a fast reactor blanket is worth $17 to $18 per
gram fissile and plutonium from thermal reactors, $19 to $20 per gram fissile.,
Recycled plutonium is worth slightly more than that from the first cycle plu-
tonium discharge. Further calculations will be required to determine how
much of this is due to the higher value of Pulkl relative to Pu239 and how
much is due to the "free" fertility of Pulk0, If Pu42 getracts from the
value of plutonium (that is, has a negative value as in thermal reactors),
it is masked by the increased value of Pu2“0 or Pu24l, As a rough measure
of the breeding potential of various fueling schemes, the data in the
accompanying table are presented.

Four=-Group ALTHAEA Chain

The remaining bugs seem to have been eliminated from the T090 (four-
group) chain, and the QUICK and PLOTTER codes are functioning properly.

ALLIS-CHALMERS FAST REACTOR STUDY

Net Change in
Fissile Inventory,

Core Blanket kg /Mwe~-yr
Enriched UO» (1) Depleted UO»2 -0.33
Depleted UO2, Blanket PuOp Depleted UOp +0.06
Depleted UOo, PWR PuO2  (2) Depleted UOs +0,11
Depleted UOs, Recycle PuO2{3)  Depleted U0, 40,12
Depleted UOs, PWR PuO2 2)  Depleted U Metal +0.20

(1) Blanket plutonium compositions 96% Pu239, 4% Pu2k0,
(2) PWR plutonium compositions 58.5% Pu239, 23% Pugho, 14% Pu2h1, 4.5% pu2l2,
(3) Recycle plutonium compositions 47% Pu239, 23% pu2h0, 17% pulbl, 13% pu2k2,
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REACTOR ENGINEERING DEVELOPMENT
BWR and PWR with PuO2 Fuel Study

The computer code REPP, a thermal and hydraulic core sizing routine
for light-water moderated reactor power plants, was completed. The present
problem is linking REPP into the chain of nodes used by the Advanced
Concepts and Fuel Analysis Section so that a complete analysis of BWR and
PWR may be accomplished.

REPP uses a fourth order polynomial to determine fuel temperatures
at ten various locations along a fuel rod. This adds some flexibility in
fuel design, such as annular fuel pins, and contributes to an easy method
of integration of the heat transfer equation for cylinders. Three sub-
routines were written to provide an exact solution to the polynomial and
the proper root is selected as the fuel temperature.

Reactor Components Development
FERTF Support Work

The test, to evaluate the charging and discharging forces of the new
FERTF fuel element basket, was completed.

The test consisted of bowing the pressure tube in small increments and
charging and discharging the basket at each step, measuring the force for
each operation. The tube was bowed with a single point load at the center
of the tube with the tube restrained at the top of the top shield and bottom
of the bottom shield.

The basket has an outside diameter of 3.150" to 3.171", and the pressure
tube has an inside diameter of 3.254" to 3.258" in the vicinity used for this
test. The pressure tube was bowed 0.250" at the midpoint before there was
any detectable friction when inserting or removing the shell. When the bow
was increased to 0.325", the fuel element shell, with 26 pounds added (to
simulate the weight of the fuel}, would not slide down the tube under its
own weight. From the test results it is indicated that a 0.330" bow is the
absolute maximum to be tolerated, if the tube dimensions are similar to those
described above.

Detailed data on the test were forwarded to Fuel Element Design and
Evaluation Unit.

Rupture Loop Particulate Removal Study

Detailed design is complete for entire system and all necessary auxiliary
equipment is on order. Separator fabrication has been delayed by HAMTC strike
and offsite fabrication is now planned.

Scope design of the loop to test the FERTF axial flow separator was
completed, The loop will be a recirculating type with the pump suction and
separator discharge connected to an atmospheric pressure storage tank., The
tank is sized and baffeled such that particle carry-over will be minimum,

Instrumentaticn to measure flow and pressure drop is included in the loop.
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MATERIALS DEVELOPMENT
PRTR Pressure Tube Evaluation

The PRTR reactor safeguards program includes an experimental and ana-
lytical evaluation of the failure behavior of the pressure tubes and a
study of the effect of reactor environment on these properties.

Tube 5696 was selected for destructive examination because of its
exposure and because there was evidence of superficial damage to the inside
of the top of the tapered portion of the pressure tube.

Zirconium hydride analysis of a specimen obtained near the damaged area
revealed 27 ppm. This low concentration would indicate the mark on the tube
has not acted as a site for accelerated hydriding.

Investigation of the effect of temperature on the response of strain
gage circuits mounted on the OD and ID of a PRTR tube specimen indicated
apparent strains of about 400 micro-strain and 100 micro-strain, respectively,
at a temperature of about 175°F (80°C). This experiment is the third of
three required for determination of the anisotropic elastic constants of a
PRTR tube specimen.

PRTR Activity Monitoring

Monitoring the PRTR moderator system activity in the water during the
recent critical tests has shown a marked increase in the Co®0 concentration.
The Co60 concentration was 0.08 x 10-3 uCi/ml before boric acid add%tion.
After one week of boric acid additions totaling 7 ppm boron, the Co 0 concen-
tration was 1.7 x 10=3 uCi/ml. As the boron concentration was increased to
14 ppm boron and 24 ppm boron, the Cob0 concentration was 2.9 x 10-3 uCi/ml
and 4.1 x 10-3 uCi/ml, respectively. Total a and B counts were obtained for
the first and second week after boric acid addition. Both a counts were
negligible, The B counts were more than 90% accounted for by the Co O emission.
It appears that the boric acid is replacing Cob0 deposited in the moderator
system and causing the Cob0 to go into solution. The lack of gormal system
purification during this period may have contributed to the Co 0 buildup
observed. The operation of cleanup ion exchanger at the conclusion of the
critical tests should decrease the Cof0 concentration., The absorption of
activity on reactor component surfaces will be the subject of later studies.,

Chemical Shim Studies

The procedure for total solids analysis of borated PRTR moderator water
is being investigated. The total solids analysis is utilized in detecting
off-standard water quality and the presence of corrosion products in the
moderator system, The addition of 150 ppm boric acid to the moderator system
has made the total sclids analysis temperature dependent. When borated water
is evaporated to dryness at 120°C in a vacuum drying oven, the boric acid is
removed, but when evaporated to dryness at 105°C, the boric acid is only
partially removed. The tests in progress will determine the lower tempera-
ture limit to assure complete removal of the boric acid. The total solids
analysis will then measure the material other than boric acid present in the
water sample,



Ceramic Fuel Dissolution Studies

Ceramic fuel dissolution work during the past month has been centered
on {a; determining PuOp dissclution rates, (b} familiarization work with
liquid ammcnia solvents, and {c¢) determining corrosion effects in concen-
trated acid sclvents,

Following the experimentai results obtained in June which showed that
the dissoclution rates for Pu0p sintered at 1650°C were much lower than
those obtained with PuOp fired at 900°C efforts were made tc find more
effective procedures. Emphasis has been placed on using more concentrated
H3POi at higher temperatures. Phosphoric acid of about 99% concentration
preduced by heating 85% H3POy at 210°C for one hour gave higher dissolution
rates. Use of this acid at 200°C resulted in a dissolution rate for sin-
tered Fuls of 0.165 gm/cm?/hr.  Inhibition with 6 gm/liter Fe{NO }3°9 Ho0
reduced stainless steel corrcsion by a factor of ten to 0.12 mii/hr but
alsc lowered the dissoclution rate to 0,024 gm/cmgfhro The latter was still
more than four times as effective as the uninhibited 85% H3PQ, at 155°C.

Liquid ammonia familiarization work was begun during August with the
prime cobjective being the use of sodium metal-ammonia soluticns to reducze
ceramic fuel materials. Emphasis has been placed on learning safe handling
techniques. During this familiarization work rusted steel specimens and
maganetite have been exposed to scdium metal-ammonia solution to obtain
gualitative informaticn on their behavicor in a highly basic reducing en-
vironment. Atmospheric steel corrosion products are reduced. The rust
cosor rapidly changes to black., Subseguent exposure to air ieads to the
reformation of the reddish brown FepO3. Treatment of magnetite under pressure
at 100°C results in scme Fe30}, reduction. The primary reaction appears to be
the formation of scdium amide. The latter reaction will seriously affect the
feasibility of this process unless the formation kinetics for sodium amide
can be changed.

Corrcsion studies have been directed toward determining general and
nonaniform effects 1in concentraved azid soivents. Average corrosion losses
inder guiescent .oaditions o snoonel-600 and AISI 446 stainless steel in
155%C concentzated suifuric acid were 0,033 and 0.039 mil, respectively, in
seven days, Expcsure of these allcys to a 90 vol% concentrated HpSOL =
5 wol% concentrated HNU3 - 5 vol% concentrated H3POj, solution at 140°C for
seven days resulted in corrosion lcsses of 0.03 mil and 0,007 mil. A seven=
day test of an Inconel-600 - carbon steel galvanic couple in 155%C concen-

trated sulfuric acid resulted in an accelerated attack on the carbon steelj
about 70% of the carbon steel specimen was dissolved. Only mincr corrosion
losses were found on Inconei-600 - AISI 304 stainless couples after seven

T

days in 155°C concentrated sulfuric acid and 140°C 90 vol% concentrated HoSOL -
5 vol% coatentrated HNO3 - 5 vol% concentrated H3POj solutions.

TEST REACTCR OPERATION

Operating Experience

The batzh core critical tests were completed in August. Work directed
toward the stari of power operation included the following:
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The process tubes in position 1053 and 1550 were reconnected to the
primary system. These tubes were left empty of primary coolant during
the critical tests.

Due to the critical test program, the primary system was drained twice
in August. The primary system drain and refill were accomplished without
difficulty. ‘

The primary activity on the core blanket system was directed toward
eliminating air in=leakage. The seals were replaced on the core blanket
blower. The 35 lines from the penetrations in the bottom primary shield
have been returned to service. The sample lines from the process tube
expansion bellows are being returned to service at month-end. The silica
gel in drying tower No. 1 was replaced, eliminating the flow restriction
present in that tower.

The cartridges for the moderator side leg filter were replaced for the
third time in August. The activity being removed by the filter is
predominately cobalt O with some fission products included.

The boron shim system was completed. The flow control system was con-
nected to BIX-5 and checked for proper operation. BIX-5 was deuterized,
and the moderator cleanup ion exchange unit was saturated with boron.

Indicated helium loss for the month was 114,000 scf. Heavy water loss

for July and August was 1239 pounds.

Maintenance Experience

The major accomplishments in August were the completion of the reflector

conversion to light water &nd the completion of the boron shim system.

Improvement Work Status

Work Completed

Diesel Well Pump = Remcte Start

Emergency Visual Alarms

Containment Valve Addition (Helium)
Integration of Neutron Probe and Flux Recorder

Work Partially Completed

New Instrument Power Suppiy

Traveling Flux Wire Probes

Reactor Hall Crane Work Platform

Effluent Monitor System Calibration Modifications
Instrumented Fuel Element Instailation

Relocate IX-k

Helium Compresscr Compensating Pump

RL Annex Ventilation Enclosure

Second Moderator Temperature Probe

Design Work Completed

Helium Supply to Core Blanket
Dp0 Addition to Primary from Qutside C.V.
Rupture Loop Bypass for In-Reactor Section
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Design Work Partially Completed

Analysis of HX-1l and Primary Pump Supports
Improvement of pH Monitor

Process Engineering and Reactor Physics

The critical test resuits were generally as expected. Nine elements
were required for the initial critical loading as compared with seven
elements in the PRCF, This difference is probably due mainly to the in-
creased absorptions in warious stainless steel assemblies in the calandria
in the shroud tubes and in the primary ccolant (A96.4% Do0). The annular
gas gaps within the shroud tubes also contributed to the reactivity loss.
About 21ppm BLlO were required to balance the excess reactivity of the 55-
element core, as compared with a predicted 25 ppm B0, Most of this dif-
ference can be attributed %o the increased absorptions mentioned earlier.

Measurements of the reactivity change due to lcss of coolant for the
entire 55=element core showed a loss of reactivity with loss of coolant,
measured 9 milli~k, as compared with a predicted 5 - 8 milli-k.

Several c¢f the Archive samples of borated moderator have been tested
in TTR, with excellent results. ‘

All of the scheduled power test descriptions have been prepared and
issued, with the exception of the Oscillator Test which is routing for
approvals.

Two single-rod THERMOS calculations were carried out on 5 wt% PuOp -
ThOo, fuel rods for the Fuel Element Design and Analysis Unit.

Moderator water quality has remained satisfactory throughout PRTR
critical testing, even though cleanup has been very limited in order to
maintain the boron concentratiosns needed for testing. Laboratory analyses
indicate s conductivity generaily below 1 micromho/cm and a pH in the range
5.5 to T.5.

PRIR Test 12k (Fission Gas Pressure Measurement in HPD Fuel Elements
During Irradiation) has been issued, and the two instrumented fuel elements
have teen charged in the reactor.

Document BNWL-CC-T4O was issued to report the results of the In-Reactor
Monitoring of Zircaicy-2 PRTR Pressure Tubes,

Technical Guidance = Project CBB-001 - Increased Power Level

Beron shim system construztion (Phase II} is complete {except for the
deferred installation of the borcn analyzer).

The chemical shim cleanup ion exchanger piping was tested and filled
with moderator Dp0. The system was placed into service, with the exception
of the ion-exchanger, and checked for operability with flow through all
valves and flow measuring devices.

The injection pump will be replaced when the new one is received early
in September,

Scheduled Phase I items are complete,
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Technical Guidance = Project BCP-007 - PRTR Waste Handling

This project is to provide improved waste handling capability and control
of reactor systems during accident situations. Design of the 14 items is 95%
complete. All engineered equipment items are on order, and some valves have
been received. No progress on construction because of the strike.

Technical Guidance -~ Project BCP=-013 = PRTR Contamination and Waste Control

. This project is to provide improved contamination and waste control
during accident situations at PRTR. (Formerly BCP-007 Phase II) The work
includes a new "C" Cell sump pump, charcoal filters for vent units, manhole
#3 monitor, sump level indicators, air sampling station, remote Dp0 transfer
and a pumpout fitting at manhole #2. The project is requested to be Battelle-
managed. The project proposal, calling for eight items for PRTR at a cost of
$65,000, has been approved by Battelle and is awaiting approval of the AEC
review board.

Technical Guidance - Project CAH-119 - PRTR Storage Basin Addition and
Experimental Facilities Modifications

This project is to provide a storage basin addition and equipment for
experimental work and additional storage space. The building portion of the
project is essentially complete with minor exceptions and additions remaining.

AMF has been instructed to proceed with the underwater equipment contract
and to supply galvanized carbon steel or stainless steel for immersed parts
and to comply with other contract requirements.

Technical Guidance - Project AEC-193 - Fire Protection Improvements

This project is to provide sprinkler protection in the 309 Building in
all areas except the contrcl room and contaimment wvessel. Detailed design
for detectors, alarms, and sprinkler risers is being done by Vitro.

Title II comment drawings of underground lines, sprinkler risers, and
sprinkler system scope were received and comments returned during the month,
Design and construction of the actual sprinkler system is to be done by a
sprinkler system contractor.

Reactor Safeguards

A description of the plans for PRTR approach-to-power tests and initial
power operation was forwarded to the AEC in further support of our request
for approval to start the tests.

Additional information relative to the PRTR batch core experiment was
compiled and transmitted to the AEC in response to questions received from
the Division of Reactor Licensing. This information should enable Division
of Reactor Licensing to complete the review of document BNWL~-CC-3L4L5, "PRTR
Final Safeguards Analysis, Supplement 8, Batch Core Experiment," and lead to
AEC approval to resume PRTR power operation,
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NUCLEAR SAFETY

CONTAINMENT SYSTEMS EXPERIMENT (J. M. Batch)

Experimental Facilities

Construction activity remained at a standstill due to the continuation
of the strike against Battelle-Northwest. Notification was received from
the vendor of a change in the shipping date of the reactor simulator vessel
from September 9 to October 24. Design and fabrication estimates were ob-
tained for a 1000 c¢fm air cleaning system for the containment vessel. The
system would allow the use of commercial sizes of particle and charcoal
filter modules plus condensers, demisters, and scrubbers. Scope drawings
wvere prepared to obtain cost estimates on possible modifications of the high
temperature heating loop to allow blowdown of the reactor simulator vessel
through the lcop piping and then into the containment vessel, and also to
provide a pressurizer vessel and circulating pump to increase the experimental
capabilities of the system.

Aerosol Studies

Studies of the behavior of aerosols were continued using the stainless
steel aerosol tank in the Aerosol Development Laboratory. Run 67 involved
release of elemental iodine in & dry air atmosphere and had the primary objec-
tive of examining the effect of air velccity on airborne concentration versus
time, Because of an unexpectediy short airborne half-time, the iodine existed
mainly in nonreactive chemical forms during the period of air speed variation,
and any airborne concentration changes due to air speed were obscured.

__Runs 68 and 69 involved injection of stable xenon labeled with 5.3 day
Xet33 to test mixing effects and sampling equipment for xenon in air and in
steam-air atmospheres. Data from sample points at 0.3 and 0.9 vessel radius
are being fitted tc thecretical curves representing solutions of the diffusion
equations to obtain a measure of molecular plus eddy diffusivities. Bulk motion
¢f the xenon in the vessel far overshadowed the molecular diffusivity of about
0.1 cm2/sec for xenon in air. The observed total diffusivity is estimated to
be in the corder of 1.0 cmZ/sec. Generally similar results were obtained in
Run 69 with a steam-air atmcsphere at 80°C, but the results have not yet been
analyzed. Run 70 released hydrogen icdide (HI} into a steam-air atmcsphere,
Results are not availabie.

The penetration of xenon through the CSE backup traps for the aerosol
sampling system was measured for air flow rates of 0.85 and 12.0 liters/min.
The penetration is less than 2% for a l-hour period at 12 liters/min for a
trap containing 110 grams of activated coconut charcoal at ~77°C.

The retention of xenon on the charcoal paper and charcoal bed of Maypack
samplers was observed during Runs 68 and 69, There was no retention by the
charcoal paper; however, the charcoal bed retained about 9% of the incident
xenon during a 5-min sample period with air at 26°C. The corresponding re-
tention with a steam-air sample at 81°C was aboat 1%.
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The feasibility of collecting xenon tracer gas leakage as an inde-
pendent check of the leakage calculated from pressure-volume-temperature
measurements was determined. The xenon storage system had a known leaky
fitting. The leak was bagged with plastic and sweep air was drawn through
the bag and xenon collected in a trap. The collected xenon tracer was
counted and the leakage rate determined from the known specific activity
of the stored gas. The leakage rate calculated from P-V-T measurements
was 72 cm3/hr, and from xenon counting, 67 em3/hr.

Aerosol Generation

Both rapid and slow release rates of aerosoi components into the contain-
ment vessel are being planned. Test runs were completed of rapid release
methods in which up to 100 grams of elemental iodine were released in less
than 10 minutes. For the slow releases, the goal is to release iodine at a
uniform rate of about 330 mg/min for a release duration of 300 min. Uniform
release rates were obtained for periods of 100 ming sweep gas flow rate and
generation temperature are being varied toc achieve the desired release rates,

A scintillation crystal detector system was set up to count the 80 Kev
gamma rays from Xel33 in the charcoal-filled stainless steel xenon traps.

Blowdown Tests

Nine blowdown tests were conducted on the SM-2 vessel with 250°F and
200 psig water and 8=inch rupture discs. A pressure transducer was installed
in the top of the vessel to monitor the vapor phase pressure, Oscilloscope
traces of the pressure transducers were triggered successfully by a technique
using a wire cemented to the upstream rupture disc., Data from these traces
have not been completely analyzed yet.

In several tests the blowdown was initiated by increasing the pressure
between the two rupture discs instead of releasing pressure.

Decontamination

Containment system decontamination efforts during August have been
centered on determining the effectiveness of vapor phase cleaning procedures
on painted surfaces. Low efficiencies were obtained with steam suspended
solutions of H3POL-HBr and alkaline permanganate followed by HNO3. Iodine
decontamination factors were two or less. The alkaline permanganate-HNO3
process alsoc led to blistering of the painted surfaces.

CSE Instrumentation

A Norwood 0 = 500 psi strain gage pressure transducer has been calibrated
and installed on the SM-2 vessel to measure vapor pressure during blowdown
tests,

Tests were conducted on electrodes that were proposed for use as conduc-
tivity probes to measure the liquid level in CSE. The Auburn mcdel WCC-1138-K
Alumina insulated electrode failed after four hours exposure to 3000 psi and
6U9°F temperature., Inspection of the failed electrode indicated that the
Alumina insulator had cracked along the skirt on the low pressure {ambient )
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side. Also, the electrcde to Alumina sealing compound was eroded or dis-
solved in the same area. The Auburn model F-140 Alumina insulated electrode
has since been tested in the same environment over a period of 800 hours
without failure. Resistance of the electrode from the tip to the base when
completely submerged in water was found to be 43K ohms.

The Namak Inc., high=speed thermocouple probes have been received and
are being evaluated for accuracy in the Standards Laboratory. The pressure
vessels will require modifications to permit the use of these thermocouples.

PRESSURE VESSEL CRACK MONITORING (J. C. Spanner)

Detection of Metal Overstress by Acoustic Emission

A report (BNWL-CC-763;, summarizing progress in developing a system to
monitor crack growth in reactor pressure piping by sensing acoustic emission,
was prepared and issued in accordance with a distribution list furnished by
the AEC-DRDT program monitor. This report covers the period March thru June

1966.

Work has been initiated to develop a conceptual design of the prototype
monitoring instrumentation system for full scale applicaticn to pressure
piping surveillance by acoustic emission. The objective is to define a
complete instrument system to receive data from multiple transducers, analyze
the data for significant content, and present this information in a directly
usable feorm. It must also either directly identify the signal source location
or provide the information recessary to calculate source location.

A bonding material capable of withstanding lcng service at high tempera-
ture is needed for transducer mcounting. Several epoxy cements are being
tested to determine their long term reliability at elevated temperature
{600 = 650°F). To date, cne epoxy meterial {W. T. Bean Type H)} has withstood
two weeks ¢f exposure at 600°F satisfactcrily.

A series of tests is in progress to study acoustic emission from crack
formation and growth in double cantilever beam specimens. The objective is
to substantiate earlier indications of emission patterns characterizing crack
formation and growth. Specimens cf various thicknesses fabricated from 304=L
stainless steel and A2i2 carbon steel are being used, So far, the same general
pattern as before has generated from crack formation. In addition, however,
it has been found that increased amplification of the signals obtained from
a high sensitivity accelercmeter shows that considerable acoustic emission
signals are generated by extensicn of a preformed crack. Earlier tests at
lower gains showed strong signals during crack formation but very little
activity during crack growth. The combination of a high sensitivity transducer
with additional moderate amplification appears advantageous from the stand-
point of signal tc noise ratic as compared to a lower sensitivity transducer
with high (105 - 106} ampiificatica.

An improved self-aligning electrostatic transducer is being developed
for detection of accoustic emissiocn. The transducer housing units have been
redesigned and prototypes are belng fabricated onsite, This transducer will
feature an electrostatic shield, low capacity, and a spring loaded, self-
aligning hot electrode and should be capable of operating at temperatures to
1000°F or higher with little change in efficiency as a function of temperature.



81 BNWL-321

A special low nocise, charge sensitiwve preamplifier has been fabricated
for use with the electrostatic transducer in an effort to alleviate the
problem of low sensitivity. Initial evaluation of this preamp indicates
that gains of up to 3000 can be cbtained through a frequency range of 100 Hz
to 2 MHz. This amplifier can alsc be used to advantage with other types of
transducers.

REACTOR SAFETY ANALYSIS AND EVALUATION (R. G. Wheeler)

Subsize Vessel Failure Analysis

Two subsize A-212-B test vessels, 18 inches long, were cbtained from the
ETR reactor after an exposure of two reactor cycles in the M3 position, A
longitudinal slot, 1.C-inch iong, 0.06-inch wide, and 0.2-inch through the
0.25-inch wall thickness, was machined in the tubing samples. One test was
made at 56°C, the other at 72°C. The specimen at 56°C failed by full length
cleavage when the hoop stress reached £0,500 psi. The specimen at 72°C
failed in a partiaily duectile manner at a hoop stress of 71,000 psi. Thus,
the nil ductility transition temperature 1s approximately 73°C for A-212-B
pressure vessel steel after two ETR reactor cycles or an approximate total
flux of 5 x 1018 nvt (E »1 Mev).

The acoustic emission iistening technique was applied t¢ these tests to
study the emission patterns. The tests were recorded and are now being
played-back for analysis.

COLUMBIA RIVER SEDIMENTATION STUDIES (J. M. Nielsenj

Special sampling of watzr, suspended sediment, and bottom sediment in the
Columbia River, ccntinued during the prolonged shutdown of all reactcrs, will
also be extended tc inzlude the period of their reactivation. These samples
should provide unique data for determining the release and uptake of several
radionuclides by river sedimsnts.

WASTE SOLIDIFICATION CONDENSATE TREATMENT (G. J. Alkire)

Experiments on the two-step scavenging treatment of glass melter conden-
sates were continued. A selection of the cptimum concentration of ammonium
phosphotungstate (AWP) was based upon the premise that a decontamination factor
of 20 for Cs would permit storage of the treated supernate in asphalt without
deleterious radiolysis effects. An AWP ccncentrazion of 0.005 M was selected
for further use.

+
In the mixed hydrous cxide step, 0.05 M Mn 2 was added tc the AWP super-
nate, and precipitation was effected at pH 10. This concentration was selected
on the basis of prev:ious work.

For these concentrations the two-step procedure was investigated for
optimum mixing and quiescent times. A statistical analysis showed that AWP
samples which were mixed vigcrously for one hour and then centrifuged gave
results comparable to samples which were mixed and/or quiescent for longer
periods. For the mixed hydrcus oxide step only 5-minute mixing was required
prior to centrifugation.
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The statistical analysis also revealed the following:

1. In the AWP step only Cs remcval was highly reproducible, i.e.,
97.6 * 0.6%. Ru, Ce, and Zr removals varied to a much greater
extent, i.e., 18.1 £ 5.0%, 29.7 * 7.6%, 0.8 * 1.8%, respectively.

2. In the AWP step only Zr remcval appeared to be appreciably affected
by longer contact times; however, the additional removal was very
slight so that longer time periods involved were not warranted.

3. In the mixed hydrous oxide step Ce and Zr removals were highly repro-
ducible as expected, i.e., 98.7 ¥ 0.5% and 97.1 * 0.9%, respectively.
This is attributed to the colloidal nature of these radionuclides at

pH 10. On the other hand Cs removals were quite variable (67.8 * 12.0%),
as observed in previous studies. Once again, Ru removals were fairly
variable, being 65.3 * 7.2%.

4. Over-all removals for the two steps were very good statistically for
Ce, Cs, and Zr, i.e., 99.0 t 0.4%, 99.2 * 0.4%, and 97.1 * 0.9%,
respectively. Ru variation was still fairly large, but better than for
either step alone, i.e., 76.5 * L.2%.

Future work will be directed toward determining whether the K ion can be
substituted for NHY4 ion in the AWP precipitation and maintain satisfactory

Cs removals.

FISSION PRODUCT AERCSOL CONTAINMENT

Removal of Organic Iodide with Hydrazine (L. C, Schwendiman)

The efficiency of sprays containing hydrazine for removing airborne
methyl icdide was determined for three hydrazine concentrations, An initial
aeroscl temperature of T5 - 80°C was used. Four liters of the hydrazine
solution was recirculated through the spray nozzle for a period of 60 minutes
in twec experiments and 90 minutes in a third. The following table shows the
remcval efficiencies obtained.

SPRAY REMOVAL EFFICIENCY FOR CH3I

Spray Composition, Run Duration, % CH3I

Run wt % min. Removal
SC-18 10 NoHL, 5 NHLOH 60 88
5C-19 20 NpHY, S5 NHLOH 60 93
SC=20 5 NpHy, 5 NHDOH 90 T7

In Run SC=20 the change in concentration with time was measured by sampling
the gas phase every 15 minutes. The decrease in concentration of methyl iodide
was exponential with time, exhibiting the characteristics of a first order re=-
action with a half=life of 50 minutes. A large excess of hydrazine was present;
hence, the reaction rate was contrcllied by the concentration of methyl iodide
as was anticipated. To reduce the methyl iodide to 1% of the original concen-

tration wculd have required about 5 hours of spraying with the 5 wt% hydrazine -
5 wt% ammonis.
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The fraction of methyl iodide removed in a given time for a given
hydrazine concentration was not significantly different at 80°C than at
room temperature., This cbservation is somewhat unexpected; however, it
must be remembered that although the starting temperature was 75 - 80°C,

the final temperature was about 50°C in these experiments.
b

Physical Chemistry of Hydrazine-Methyl [cdide Reaction (L. L. Burger)

The study of reacticns in the heterogenecus system, hydrazine, water,
methyl iodide, and sodium hydroxide, continued with the objectives of deter-
mining the rate controlling step and characterizing the reaction mechanisms.

Some experiments were performed to measure the temperature dependence
of the rate of methyl icdide removal from the gas phase over solutions of
hydrazine, Results are shown in the following table.

VARIATION OF REACTION HALF-LIFE FCR OUOSOhEBNaOH
SOLUTION AND SURFACE AREA CF 5.65 cm® AS A FUNCTION
OF WEIGHT PER CENT HYDRAZINE AND TEMPERATURE

Wt% Temperature, Half-Life,
Hydrazine e min.
50 5C.L 6.7
50 29.7 7.3
17.5 50.1 2h.5
iT.5 29.7 L2

These results showed a rather small temperature dependence for the re-
action over 50 wt% hydrazine solutions. 4 more significant increase in rate
with temperature was shown for the 17.5 wt% hydrazine sclution.

The possibility of increasing vransfer rates to the liquid surface by
adding ethanol to the hydrazine was investigated in a single experiment. No
significant change in rate of remcval of CH3I was ncted when 35 wt% hydrazine,
0.05N NaOH were used, Other crganic compounds will be considered which are
more surface-active than ethanci for this purpose.

The gas phase reaction between hydrazine snd methyl icdide in the
absence of an aqueous hydrazine surface was investigated., In the earlier
experiments a liquid surface was available which could act toc remove some
of the products or to provide a phase in which reaction could proceed more
rapidly than in the gas phase. The rate of removal of methyl iocdide from
the gas phase was measured in a vessel in which only gaseocus methyl iodide
and hydrazine were alicwed ts react, The initial partial pressure of hydra-
zine was about 12 mm, and the partiai pressure ¢f methyi icdide about
0,004 mm of Hg. The methyi icdide decreased 11% in 73 minutes. In com-
parable gas concentrations over hydrazine solutions, the methyl iodide is
removed with a half=time of about T minutes., This experiment emphasizes the
importance of the liquid-gas phase reaction,

A study of the reaction of methyl iodide and hydrazine in alkaline
agquecus solutions was started. Initial experiments using methyl icdide
tagged with radioiodine suggest that acetone present in the tagged methyl
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iodide influences the rate of reaction. Previous experiments had indicated
that the aqueous phase reaction was first order with respect to hydrazine,

The results shown in the following table show that the acetone apparently
causes the reaction rate to be much less sensitive to hydrazine concentration.

SUMMARY OF THE REACTION BETWEEN METHYL IODIDE AND
HYDRAZINE IN AQUEOUS SOLUTION AT ca. 22°C

(CH3I) Initial

(Nth) (NaOH) (C3H6O) Approximate T1/2
M wt % M M M min.
5.2 16.7 0.08 0.085 Not determined 0.4
0.47 1.5 0.050 0.112 3.4 x 10-T 4
0.235 0.75 0,050 0.112 3.4 x 1071 4
0.235 0.75 0.050 0.224 6.8 x 10-T 8.7
0.12 0.38 0,050  0.224 6.8 x 1077 8.8

These are preliminary data and further investigations will be undertaken.
Acetone is commonly present in tagged methyl iodide as received; hence, any
influence on the reaction rate should be determined to assure valid laboratory
results.

DISPOSAL OF REACTOR OFF-GAS INTO SOIL SYSTEMS (W. A. Haney)

Before beginning computer sclution of gas injection problems involving
confining layers, a rational approach to faster solution has been sought.
It was found by numerical experimentation that using one acceleration factor
(over-relaxation factor) throughout the problem is probably better than
allowing the factor to change. The best approach appears to be: (1) deter-
mine the best factor with a coarse grid; (2) refine the grid and determine the
best factor for the smaller grid size; (3) extrapolate a curve of acceleration
factor vs., grid size to the final desired grid size for solution of the
problem; and (4} choose the factor. This approach appears to save considerable
solution time over methods used in the past.

The seismic exploration program performed for IDO-AEC at NRTS was com-
pleted, and results were transmitted to the Waste Management Branch. The
area surveyed, about 1000 ft south of the LOFT site, is that chosen for
preliminary gas injection tests and for the actual reactor off-gas injection
several years in the future. The shallow-refraction survey covered an area
of about 1 mi2 on a 600-ft grid. Depths of the basalt from ground surface
varied between 8 and 60 ft., Generally, good quality records were obtained
from the shooting.

RADIOACTIVE RESIDUE PROCESS DEVELOPMENT (A. M. Platt - G. J. Alkire)

High Level Wastes

The final report on the propcsed experimental and operational plan for
the waste sclidification and evaluation program was reviewed with particular
emphasis on the experimental designs for laboratory and plant scale "hot"
runs.
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Work was continued on a response surface study of the effect of various
additives on the closure temperature and drip temperature in the waste
solidification process. Special cubic response surfaces were selected, and
the contours are being mapped for graphical presentation. Reports on both
the phosphorous~boron-silicon system are being prepared.

Waste Solidification Engineering Prototypes (WSEP)

An exploratory rising-level glass run with a modified, simulated PW-1
feed perfermed in the WSEP equipment in B-Cell was aborted because of corro-
sion failure of the 310 stainless steel pot. Relatively uniform corrosion
rates within the pot of 100 to 200 mils/day were experienced at the 950°C
temperature used. Corrosion failure of the 304-L stainless steel thermo-
couple well occurred at an even greater rate than with 310 stainless steel,
Laboratory data have confirmed the attack of 304-L stainless steel but have
indicated attack of 310 stainless steel 1 to 2 orders of magnitude lower than
that experienced. The utility of the double-containment feature of the
prototype pot furnace was demcnstrated by the containment of the 30 liters
of molten waste that leaked from the failed pot without damage to any equip-
ment, Successful demonstration of separate addition of modified feed and
liquid glass-making additive to the pot was accomplished. Self-cleaning
of the total off-gas line and pot neck by controlled reflux techniques was
demonstrated.

The film feeding technique made possible the predicted 30 liters/hour
feed rate achieved into the l2-inch-diameter pot.

Testing of the modified ultrasonic station for pot wall thickness mea-
surements 1s nearing completion, and the unit is working satisfactorily.
Testing of the gamma scanner system, the pot decontamination and storage
systems are well under way. Final clean-up of remotability testing of WSEP
in-cell equipment is nearly done,

Installiation of the WSEF phosphate glass equipment in the Engineering
Development Laboratory 102 is complete and is ready for the forthcoming
design verification tests.

The addition of 55 liters/hour of water to a hot (900°C) pot furnace
susceptor as an emergency cooliing technigue was demonstrated to be safe.

The operation of the G.E.-412 ccmputer was reasonably satisfactory
during the recent WSE pot calcination cold run. While there was only one
failure of the machine itself during the four-day run, the data reduction
and data presentation programs are still in need of refinement. Areas of
improvement include the calculaticn of tank depletion rates, furnace power
input, and the establishment of reasonable upper and lower limit alarm wvalues.
The one failure of the machine apparently stemmed from an electrical power
surge experienced about 3:45 a.m., August 9, the transient causing the machine
to branch to a nonexistent core location, where it stopped.

Since the next most probable run that will be made with the WSE facility
will be a spray calciner run, the 412 computer has been reprogrammed accordingly
with a previcusly prepared program. An initial check proved the spray calcina-
tion data logging program tc be operable, but, again, considerable refinement
is indicated in the same areas as was apparent in the pot calcination program.
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Process Chemistry

Effects of Aluminum on Waste Melt Characteristics

An investigation of the effects of varying aluminum concentrations in
wastes during spray solidifier and BNL phosphate glass processing is in
progress. The aluminum concentration in radioactive wastes which will be
processed in WSEP will be somewhat higher than in the PW-1l and PW-2 com=-
positions on which flowsheet development was based. Much higher aluminum
concentrations which are of long-term interest are included in the study.

Amounts of aluminum expected tc be present in the WSEP radicactive waste
solutions did not significiantly affect the melting point or slump point of
spray solidifier product. The slump point of BNL phosphate glass product
was increased and flowsheet modification would be required to accommodate the
higher aluminum ccncentration.

Corrosion studies have not defined a cause for the failure of the 310
stainless steel receiver pot used during the recent ORNL rising liquid glass
run RLG=B, Corrosion rates at 950°C for 310 coupons were about 100 mils/mo
in melt prepared from feed solutions used in the run and 4 - 10 mils/mo in a
sample of product from the run. A specimen of steel taken from the RLG-B pot
and exposed to molten RLG-B product at 950°C corroded at about 14 mils/mo.

Platinum ~ 0.5 rhodium wire specimens (as received and after cold working)
were exposed to four waste melt compositions for 215 hours at 1200°C, Melt
compcsition parameters were sulfate, phosphate, and lithium concentrations,

The exposed wires show no intergranular attack., Jodele (2. Metallkde, 27,
271 [1935]) has reported that Pt-P alloys containing >0.003 wt% P are brittle
at 850°C due to the formation of a brittle fusible eutectic. To see if the
brittle phase can be formed under reducing conditions in a phosphate melt, a
length of Pt - 0.5 Rh wire has been exposed at 1200°C for 190 hours to a
phosphate melt containing one wt% carbon. A pull test at 850°C will be made
on the wire,

Product Evaluation

Melts representing products from the current flowsheets for processing
PW-1l and PW-2 by the BNL phcsphate glass, ORNL rising level glass, and PNL
spray solidifier processes were prepared in the quenched and annealed forms.
X-ray diffraction patterns of the solid products were obtained. The phosphate
glass products, even when annealed, were almost completely amorphous. The
microcrystalline ORNL and PNL process products had very complex diffraction
patterns with marked patiern differences between quenched and annealed forms.

CUSTGMER

ASSISTANCE TO GENERAL ATOMIC

Fuels Development (W. L. Hampson, Jr.)

Pu02 - Graphite Ccmpacts

Twelve rods containing PuOp = graphite compacts for critical tests are
being prepared. These rods consist of six paris with three different PuOp
concentrations and two separate isctopic (Pu240) compositions. Four sets of
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compacts were prepared using improved blending and sampling techniques.
Difficulty in obtaining leak-free final closures has been encountered.

Pin holes and cracks occurred in the weld of the 6061 Al components, using
4Lohk3 filler metal. With the exception of welding, process development is
complete, and the remaining sets of compacts are being prepared.

U, S. NAVAL RESEARCH LABORATORY

Calculation of the Fast-Neutron Spectra and Damaging Rates at the OMRE and
Yankee Pressure-Vessel Positions (R. E., Dahl)

Spectral analyses have been completed at the pressure=vessel position of
the Organic Moderated Reactor Experiment (OMRE) and the Yankee Reactor. The
purpose of the analyses is to provide a basis for correlating damage from in-
core experiments on pressure-vessel steels to reactor pressure vessels. These
calculations were made to assist the U, S. Naval Research Laboratory (USNRL)
in the pressure=vessel surveillance program.

The neutron spectra were calculated at the reactor midplane and extended
out through the pressure vessel of each reactor. The spectral analysis was
made using a multi=-energy, multi-region, one-dimensional transport-theory code,
with the reactors represented by cylindrical geometry. The spectra were cal-
culated using 21 energy groups with fine group structure in the fast-neutron
range, E >0,18 MeV,

Results of the calculations indicate that the fast-neutron spectrum at
the OMRE pressure vessel is similar although somewhat "softer' than the spectrum
calculated at the upper grid plate {reported in the July 1966 monthly report).
This is to be expected because the neutrons must pass through several inches
of iron thermal shields and organic moderator before reaching the pressure
vessel, whereas only moderator separates the upper grid plate from the reactor
core, The ratio of the integrated flux above 1 MeV to the integrated flux
above 0,18 MeV at the grid plate is 0.62; at the pressure vessel the ratio is
0.55,

The fast-flux ratio [¢(E >1.0 MeV)/¢(E >0.18 MeV;] calculated at the inner
edge of the pressure vessel of the light-water-moderated Yankee Reactor is 0.54.

The spectral-averaged cross section for iron based on E >1 MeV has been
calculated for the OMRE grid plate, OMRE pressure vessel, and the Yankee
pressure vessel, The values are 157, 140, and 169 mb, respectively. In a
fission spectrum, the value is 121 mb. Thus, if a fission spectrum is assumed
for the above reactor positions, the flux wili be over-estimated by 30% at the
OMRE upper grid plate, 16% at the OMRE pressure vessel, and 40% at the Yankee
pressure vessel.

Irradiation damage to steel test specimens that have been irradiated in
in-core positions of the Low Intensity Test Reactor {LITR) can be correlated
directly to pressure-vessel positions (SM1A pressure vessel, for example) if
the neutron exposures are normalized to the integral flux above 0.5 MeV. The
following table is a comparison of damage indices between diverse spectra
based on the integrated flux above 1.0 MeV and 0.5 MeV,

¥
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Damage Index¥ (Ki/Kj)

Reactor EL = 1.0 MeV EL = 0.5 MeV
LITR-18 0.85 0.94
OMRE-Upper Grid Plate 0.85 1,03
OMRE-Pressure Vessel

Position 0.89 1.03
Yankee-Pressure Vessel

Position 0.91 1.03
BGR-WLL 1.07 1.02
SM=1A Pressure Vessel 1,0 1.0

*Damage Index is the ratio Ki/Kj where
K = displacements per em3 per sec per integral flux
above Ej, and the 3 reactor position is the SM-1A
pressure vessel,

The damage indices between diverse spectra based on ¢(E >0.5 MeV) vary
only 9%; whereas, if the damage indices were based on ¢(E >1 MeV), the varia-
tion would be approximately 22%.
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