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SUMMARY 

CIVILIAN POWER REACTORS 

Nuclear Systems and Concepts Analysis 

LP system changes as suggested by the Systems Analysis Task 
Force to correct treatment of Th02 discharges, narrowed convergence 
criterion and improved interface with the report writer have been 
made and debugged. Several other changes suggested by the committee 
are being debugged. BNWL-429 describing operation of the PACTOLUS 
code has been issued. 

A comparison of uranium metal fuels to urania fuels has shown 
an advantage for the metal of nearly 0.03 mill/kWh if exposures of 
10,000 ~~D/tonne can be obtained. Optimizing the design might show 
a greater cost advantage. 

The fuel cycle analysis chain of computer codes has been made 
ava1lable for offsite use by AECL and Purdue University. 

Power Reactor Design Stud1es and Evaluations 

Burnup calculat10ns using FCC and ORNL rather than Russian 
cross sections showed essent1ally no difference 1n initial keff 
needed to obtain 50,000 MWd/tonne. 

The pressure drop external to the core 1S now put into the 
design slmulat10n as a constant rather than as a fraction of the 
1n-core pressure drop. 

The reason for discrepancies in the D-l in-core pressure drop 
as calculated by the PNL design simulat10n and Karlsruhe have been 
ident1fied and are being evaluated. 

Gross heat capacity calculations have been completed for the 
maJor streams in the South Atlantic Slope BaSins, James River to 
Savannah River and and the Eastern Gulf of Mexico Bas1ns, Ogeechee 
R1ver to Pearl River. 

USAEC-AECL Cooperative Program 

Tensile test results for unirradiated control specimens and 
pre-crept 1n-reactor creep specimens show no strengthening wi th in
reactor exposures at 350 and 400 0C. The yield stress was reduced 
as a result of the in-reactor exposure under stress. 



4 BNWL-522 

Corroslon data are reported for six zirconium alloys exposed 
174 days in-flux and out-of-flux in the Engineerlng Test Reactor 
G-7 loop. The in-flux corrOSlon reslstance varled widely as a 
functlon of alloy. 

HTGR Graphite 

'I'he radlation-induced water vapor-graphite reactlon has been 
studled by attemptlng to observe the products of the reaction H2, 
CO, and C02. To date, no products have been observed by an analysis 
wlth a detectlon limit of 3, 2, and 4 vpm for H2, CO, and C02, 
respectively. Greater sensitlvlty wIll be required to determine the 
rate of the radlolyslS reactlon. 

Analyses of small quantltles of water vapor have been attempted 
by convertlng the water to hydrogen by reaction with calclum hydride 
or to acetylene by reactlon with calcium carblde. The gaseous 
products are analyzed by gas chromatography. The use of calcium 
hydrlde was unsatlsfactory because of the high blanks when no water 
was added. However, the use of calcium carbide looks promising. 

APPLIED AND REACTOR PHYSICS 

Plutonium criticality Studies 

Testlng and callbratlon has proceeded on small spherical (3.9 cm 
dia.) proton recoll counters for use In neutron spectrum measure
ments, Prellmlnary measurements were made of the fast neutron 
leakage spectrum from an undermoderated heterogeneous plutonium 
assembly comprlsed of layers of PU02-polystyrene and Lucitec 

As a gUlde for plannIng crltlcal experIments wlth mixtures of 
p lutoni urn containlng Pu-238, a serles of calculations we re completed 
for estImatlng crIticality of materlal, for use in experiments, that 
contalns about 18 wt% Pu-238, 65 wt% Pu-239, 10.4 wt% Pu-240, 5.4 wt% 
Pu-241, and 0.8 wt% Pu-242. 

The latest verSlon of the Brltish Monte Carlo Code, GEM-3, IS 
now operable on the 7090 computer. Crlticallty for a reflected 
assembly of Pu02-polystyrene in nearly cubic geometry was computed 
with good results. 

Containment tests, requlred for safety, were undertaken to 
determlne the abllity of the reactor room to meet original accep
tance tests. The leakage rate was found to be above the acceptable 
design limit; steps are being taken to Improve the containment. 

II 



.. 

• 

5 BNWL-522 

Phoenix Fuel Reactor Program 

New Al-Pu fuel plates and test-assembly hardware were completed 
and shipped to the MTR for the 1rradiation experiment. 

Preliminary fuel element and shim control rod specifications 
have been prepared and reviewed by Idaho Nuclear Corporation and 
BNW personnel. 

Six hundred uran1um oxide fuels, 12 cadmium poison follower 
rods, and 16 follower fuel sections are to be modified for a PRCF 
fuel experiment. 

A sununary ent1tled "Critical Experiments with Phoenix Fuel in 
an MTR Mockup," has been submitted for presentation of a paper at 
the 1967 winter Meeting of the American Nuclear Societyo 

Calibration of one interior and one peripheral shim in the PRCF
Phoen1x core has been completed. 

A PRCF load1ng with fully inserted control rods amenable to 
2-D analys1s has been suggested. 

Better agreement between calculated and experimental power 
profiles may be obtained by using THERMOS/BNW than by using THERMOS/ 
HAMMER. 

A document desc.ribing the 3-D codes WHIRLPOWER and POWERWRITER 
is 1n the final publ1cation process. 

The effect of variation 1n pressure head and variation of 1nlet 
coolant temperature on operating power limits is being studied for a 
Phoenix core in the MTR. Feasibility, from a thermal and hydraul1c 
viewpoint, of 1ncreasing the number of fueled plates in the shim rod 
follower from 12 to 13 is under investigation. 

A solid fuel monitor wand, which will be easier to fabricate 
and less susceptible to damage during handling, 1S be1ng considered 
for appl1cat1on in the MTR Phoenix fuel exper1ment. 

A number of heat transfer limited reactor core designs for a 
range of fuel volume fractions and pin diameters have been calcu
lated for poss1ble maritime application of the Phoenix concepto 
Enr1chment requ1rements and material balance corresponding to 
these cases are being found for fuel cycle cost analysis input. 

A listing of typical HFIR calculations has been received from 
ORNL . 
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High Temperature Reactor Physics Studies 

The GAS CYCLE-HEAT design tests on the High Temperature Lattlce 
Test Reactor (HTLTR) were stopped at a reactor temperature of 675 °c 
because of a failure of the control circuits. The reactor was then 
cooled. 

Inspection of the reactor showed essentlally no corrosion, but 
some graphlte bolts were broken in tenslon. These have been replaced, 
and many mlnor modifications have been made to the reactor and its 
systems. 

The vertical safety rods were modi fled as proposed. One was 
repalred after it was dropped durlng modlflcatlon work. 

The horlzontal control rods were installed while inverse multi
plicatlon measurements were taken. 

Preparatlons for NUCLEAR-ROD design tests are in progress. 

Negotlatlons have been completed to obtain pyrolytic carbon
coated U-233 02 microspheres. These wlil be used ln reactor loadings 
which are close to currently proposed hlgh temperature graphite gas
cooled reactors. 

REACTOR FUELS AND MATERIALS 

Fast Fuels OXldes and Nitrides 

Kinetic measurements on nitride synthesis via the carbo-thermic 
reduction of the oxide were made for U02 and U02-20 wt% Pu02. 

Experimental work was begun during the month using the 8-inch 
spray calciner to produce U02 - carbon mlxtures starting with UNH
sugar solutions. 

Two experimental mixed nitride fuel capsules continue to operate 
satlsfactorlly in the MTR after accumulating exposures of approxi
mately 21,000 Mwd/tonne. Two previously irradiated capsules were 
returned to Hanford for postirradiation examination. 

Basic Swelling Studies 

Capsule p-IO (450 oC, 5000 psi, 0.2-0.8 at.% BU) was discharged 
after successfully reachlng lts goal exposure. Two other capsules 
contlnue to operate as designed, and construction is complete on 
three more capsules. .. 

• 
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Spec1mens of uranium irradiated at low temperatures show much 
less sweillng after a 100-hour anneal at 15,000 psi and 900 0c than 
they dld after a similar anneal at low pressures. The high pressure 
treatment also caused densification of samples Wh1Ch had previously 
swelled due to high temperature irradiation. 

Nondestructive Testing 

A study has been initiated to determine the feasib1l1ty of using 
an automated system to adjust the parameter separating circuits of 
the multiparameter tester. Test circuits for applying the multi
parameter test techniques to a pulsed eddy current system are be1ng 
assembled, and a deta1led analysis is be1ng made of the funct10ning 
and adJustment of the parameter separating circuits of the multi
channel eddy current tubing tester. The effect of test coil replace
ment and lnstrument drift on the reproduc1bil1ty of instrument output 
is recelvlng special emphas1s~ 

U 1 t rasoni c, mechani cal, and electroni c apparatus has been 
assembled and steel specimens are being 1rradiated for the purpose 
of developing a test method to detect radiation induced shift in the 
nil-duct1llty-transition temperature of structural steels. Several 
electronic un1ts have been 1ntegrated into a single package, and an 
RF gate, peak amplitude pulse stretcher, and other C1rcu1ts are 
belng developed to provide an output signal of maximum utility. 

Analys1s of ultrason1c wave propagation in an attenuation media 
1S continUJ.ng. The present analysis uses damped period1c (Kautz) 
funct10ns 1n an att.empt to reduce computational errors. Changes to 
the EDPM program are currently being made to permit the use of add1-
tlonal Kautz pairs to el1m1nate residual errors. A linear method, 
based on a pulse analys1s in the tlme domain, has also been developed 
and 1S being programmed as a subroutine for computer processlng. 

Work 1.S cont1nulng on a remote tranS1ent method for measuring 
surface thermal lmpedance values. Th1S technique employs a h1gh 
1ntensi ty xenon flash lamp to exci te a heat wave in the sample sur
face. The energy absorbed in the sample causes a tranS.lent tempera
ture rlse at the sample surface. Transformation of this temperature 
transient Y1elds the surface thermal impedance directly when it 1S 
assumed that the dr1ving function is a plane heat waveG Circuitry 
to accomplish this transformation electron1cally has b~ assembled 
and is undergo1ng evaluation test1ng. 

Nuclear Ceramics 

Outgasslng of tungsten-encapsulated U02 (dur1ng float-zone 
melting) was elimated through use of a special grade of tungstenc 
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A serles of sintered U02 specimens was thinned to electron 
transparency by both mechanical and chemical methods. 

Preliminary measurements show that the melting point of 
cerium oxide (Ce02) is dependent on the atmosphere in the furnace 
and on the refractory metal used to heat the oXlde. 

Nuclear Graphite 

The mlcrostructural changes produced in graphite during oxidation 
at very high temperatures have been lnvestigated by electron micros
copy. A sample was heated by a spark-machining technlque while a jet 
of oxygen implnged on It In the vicinlty of the spark. There was 
eVldence of melting and vaporizatlon of the graphite, and reactions 
attrlbuted to atomlC oxygen were observed. 

Graphlte lrradlatlon capsule H-3-lS, was discharged and is 
undergolng dlsassembly. 

Graphite lrradiatlon capsule H-3-26, is operating 
at deslgn temperatures after being dlscharged In July. 
includes 1.7-inch dlameter samples of nuclear graphlte 
effect of sample Slze. 

satisfactori ly 
The capsule 

to check the 

A leak detected in the GEH-13-l4 capsule Just prlor to startup 
lS belng repalred. A delay of one cycle wlll result, and the capsule 
will begln lrradiatlon In late July, 

Approval for the irradlatlon of an entire subassembly of 
graphlte and thermocouple pins In EBR-II has been requested. The 
lrradiation is scheduled to start In late July and will continue 
for at least two cycles. 

In order to test a recently proposed model for polycrystalline 
graphlte, the denslty, resistlvlty, sonlC moduli, and CTE of nuclear 
grade SGBF have been determined and the samples subsequently stressed 
In tenslon to various fractions of the nominal tenslle strength. A 
second set of higher denslty samples lS belng prepared for the same 
type of testlng. 

Fast Reactor Dosimetry and Damage Analyses 

To date, surface saturatlon of flSSlon tracks and lrradiation 
damage have limited the accuracy of mlca detectors as fluence 
monltors for pressure vessel survelliance. Additional irradiations 
will be conducted to determine If the fluence range of the mica de
tectors can be extended to hlgher fluences. 

.. 

• 
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computer programs are being adapted and checked out which are 
capable of slmulating radiation damage behavior. These behavioral 
descriptions w1ll assist in the prediction, analysis, and inter
pretat10n of radiation damage experiments. 

Irradiation Damage to Reactor Metals 

LiqU1d metal capsule GEH-22-5, containing nickel-base alloys, 
has been sent to the ETR for charging in cycle 91. No change 1n 
operation from the previous liquid metal capsule 1S planned. 

A type 304 sta1nless steel creep specimen prestra1ned at 
450 OC , held at 760 0c without stress, and then creep tested at 
650 0C,d1d not result in improved creep res1stance. 

Opt1cal metallographic studies of irradiated 410 stainless 
steel In the annealed condi t10n were completed. 

Stress rupture tests on specimens tlncluding control specimens) 
of Inconel 600 and Inconel X-750 irradiated at 540 of (282 oCl have 
been completed. stress rupture tests on Hastelloy X-280 control 
specimens representlng those irradiated at. 1250 of {677 0C) have 
been initlated. 

A study of the effects of 2500 hours aging at 1250 of (677 0C) 
on the subsequent thermal and lrradlation stability of Hastelloy 
X-280 was init1ated. 

Seven of the 10 partlcipants in the intercalibration program 
have reported thelr results to PNL. Analysls of the data recelved 
indicates that interlaboratory comparlson of Ni and Fe activation 
results are comparable to data from the 1963 intercalibration pro
gram; however, d1fferences of up to 50% in cross sections used by 
varlOUS laboratories have been reported. 

Metallography, electron microprobe composi t10nal analysis, 
and electron m1croscop1C fractography examinations have been made 
at various locatlons across the thickness of a 4-inch thick, A302-B, 
pressure vessel steel plate. These examinatlons are belng conducted 
to establlsh the mechanism responsible for the large through-the
thickness fracture toughness gradients present in the plate. To 
date, the examlnat10ns have suggested two controlling mechanisms: 
(1) the higher toughness near the plate surface is due to smaller 
colonies of austenlte decomposition products than eXlst at the plate 
center, and (2) the low toughness at the plate center is the result 
of the large local variatlons in manganese concentration gi vlng rise 
to low toughness ln the manganese poor regions. 
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Spec~mens of AISI 304 and 348 sta~nless steels in the 
annealed and cold worked condit~ons have been tensile tested after 
irradiation to 1.7 x 10 22 total neutron fluence ~n the EBR-II. 
Annealed material showed ~ncreases ~n strength properties at tem
peratures to 871 °C. The m~nimum ductility found in annealed 304 
and 348 was 10% and 5%, respectively. Cold worked material showed 
l~ttle change ~n strength, but ductility was reduced by about one
half. The minimum observed ductility for cold worked mater~al was 
1%. 

The dynamic hydrogen permeation characteristics of A302-B 
pressure vessel steel have been ~nvestigated at 25 °c and 300 °C. 
The hydrogen desorpt~on behavior does not appear to be diffusion 
controlled at either temperature. 

Installation of the ~n-cell rect~linear crane ~n the prototype 
cell has been completed. 

The support system for the sodium loop has arrived on plant. 
Damage suffered in trans~t ~s being evaluated. Preliminary design 
work has started on the p~ping for the sodium loop test stands 
which w~ll be located behind a rad~ation shield. 

The a~r env~ronment creep test stands are now operating at 
1500 of (815 OC) and 1650 of (898 OC) w~th Hastelloy X-280 samples. 
One un~t for ~nert atmosphere test~ng has been assembled and is 
operat~ng at 1832 of (1000 0C) with Hastelloy X-280 samples. 

Repairs, modificat~ons, and the ~nstallation of an extension 
of the hor~zontal test section of the model loop have been completed. 
Rout~ne operation of the loop is be~ng resumed. 

The adherence and degradation of a superalloy oxide in reducing 
atmospheres is be~ng considered ~n relation to the ATR corrosion 
studies. Thus far, the oxide retention of prefilmed Hastelloy X-280 
samples lS found to be poor ~n low hydrogen partial pressure atmos
pheres as well as ~n 10- 4 torr vacuum atmospheres at 1100 °C. The 
loss of ox~de from a superalloy may provide a source of contaminant 
to the more reactive metals present ~n the ATR gas loop. 

A test to determine the feasibility of using polycrystalline 
~ron and molybdenum specimens ~n ultrason~c attenuation experiments 
indicates that the background scatter~ng from grain boundar~es is 
too high to resolve changes in attenuat~on due to dislocation multi
plication during y~elding. 

Careful high pressure-high temperature tests have revealed that 
NaK and unfired grade A lava (pyrophyllitel are not compatible above 
800 °c and react w~th a large evolution of heat. 
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A high pressure form of B203 with a monoclinic structure has 
been produced at 39 kbar and 680 °c which lS 20% more dense than 
hexagonal B203. 

ATR Gas Loop Operation and Maintenance 

The design of the ATR gas loop is approximately 90% complete. 
The critical path item for completion of the loop is the Hastelloy X 
heat exchanger. Based on current schedules, the stress analysis and 
design will be completed about september 1, 1967. 

PNL is actively engaged in preparing inspectlons and test proce
dures for the component parts to determine their compliance with the 
gas loop specifications. 

Metallic Fuels Development 

Three Th - 2.5 wt% U - 1.0 wt% Zr fuel elements continue their 
lrradiation in the P-7 hot water loop at the ETR. Exposures range 
from 9400 to 18,600 MWd/tonne with correspondlng volume increases 
from 1.3 to 3.4%. Dimensional measurements and visual examination 
of these elements in the TRA hot cell confirm the ETR basin measure
ments and examinations that are made each reactor cycle. These 
elements exhibit complete mechanical stabllity. 

Hollow core uranium fuel elements being tested In the ETR-M3 
water loop continue to operate successfully in their slxth reactor 
cycle of lrradiatlon. Estimated maximum exposure at the conclusion 
of this cycle wlll be 6500 MWd/tonne. 

ENGINEERING DEVELOPMENT 

Neutron Flux Monitors 

Detailed test plannlng furthered progress toward comprehensive 
ETR in-core evaluation of the improved U-234 - U-235 regenerative 
detectors along with several other types of detectors. 

Microwave and Infrared Detection of Coolant Impurltles and 
Measurement of In-Reactor Temperatures 

A successful reductlon of electrical interference noise through 
a new deslgn of several clrcuits readied the experlmental infrared 
hygrometer for detailed calibration. 
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PLUTONIUM UTILIZATION PROGRAM 

Fuels Development 

Recent fuel-rod examinations assoc1ated w1th the PRTR power 
calibrat10n have revealed fuel melting at an 1nd1cated maximum 
rod-power generat10n of 20.0 kW/ft. One of the two rods melted 
to approx1mately 10% of the rad1us; the other rod melted to approxi
mately 33% of the rad1us. Both rods were presumably 1rradiated 
under the same condit1ons. 

One commercially fabn.cated PRTR fuel rod conta1n1ng cold 
pressed and Slntered mixed oX1de pellets was rece1ved from the 
vendor. Nondestruct1ve examInation of the rod was started. 

Four fuel rods 1nstrumented to measure fuel-rod gas pressure 
and temperature cont1nue to operate sat1sfactor1ly .. 

An 1ntent1onally defected element conta1n1ng v1brationally 
compacted U02 fuel was successfully 1rrad1ated in the ETR at a 
maXImum linear power generat10n of 28 to 29 kWjft for nine effec
tlve full-power days. 

A redesign of a slmple autoclave, WhlCh 1ncorporates suggest10ns 
made by TREAT Facil1ty personnel, 15 presently under way. The auto
clave w1ll be used for tranSIent test1ng slngle fuel rods ln the 
TREAT Faci 11 ty, 

Comparlson of h1gh-speed mot1on pictures of v1brat1onally com
pacted U02 (5.01 at,% U-235) fuel rods and a v1brat1onally compacted 
U02 9.54 at.% U-2351 fuel rod undergolng transient irrad1ation under 
51mllar condltlons 1n TREAT showed a difference 1n fa1lure charac-
te rlstl cs. 

Nondest ruct1 ve examlnat10n of one v1brationally compacted U02 
(9.54 at.% U-235) fuel rod subJected to a power transient which 
resulted in a threshold fa1lure suggests that 1nit1al clad penetra
tion 1S a1ded by the release of entrained gases in the fuel at 
elevated temperatures. 

Installat10n of the vacuum weld1ng chamber has been completed 
except for control wir1ng. 

All equ1pment for the underwater fuel element handling facility 
has been received. 

A Dresden pluton1um-ox1de sample was prepared and added to the 
ser1es of Sh1pplngport Pu02 samples undergo1ng systematic gamma dose 
rate analyses. .. 
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Neutron and gamma dose-rate attenuations were measured for 
some common fuel fabrication containment materials. 

Reactor Physics 

Batch Core Power Test No.6, Transient Fission Product Poison-
1ng in PRTR, has been performed, and the results are being analyzed. 

Reactor phYS1CS ass1stance has been furnished to PRTR Section 
to a1d in the establishment of operational limits for the batch core 
in PRTR which w1ll assure no fuel melting. 

The contribution of the uncertainties in the value of the 
cesium-137 half-life and fission yield to the uncertainties of the 
cross section ratios derived from pluton1um-aluminum burnup data 
has been established. 

A calculation has been made of the burnup characterist1cs for 
a PRTR loading of irradiated U02-PU02 elements driven by Th-U 
metallic elements. 

Des1gn of the core hardware for the j01nt USAEC-CNEN program 
in the PRCF 1S essentially complete, and fabrication of components 
has begun, 

Fabrication of the U02-4 wt% Pu02 fuel rods has been completed. 
Initial measurements in the CAF will be in the O.8-1nch hexagonal 
lattice. 

Gamma scann1ng of fuel rods from EBWR has continued, using the 
PNL Gamma Scanning Facility. 

Gamma ray analysis of Zr-97 - Nb-97 - Mo-97 mixtures has been 
performed using a Ge(Li) high resolution spectrometer. 

A set of equations has been derived which yield the atom densi
ties of selected groups of fission products in reactor fuel as 
funct10ns of irrad1ation history, for correlation with gamma scan
ning measurements. 

A summary of a paper entitled "Temperature Coefficients of PU02-
U02 -H20 Latt1ces," has been submi tted to the American Nuclear Society 
for presentation of a paper at the November meeting. 

A second shipment of fuel irradiated in the EBWR has been made 
from ANL to PNL. 

The power operation of the EBWR Plutonium Demonstration Exper1-
ment has been terminated, and postirradiation experiments are being 
conducted . 
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Procurement actlon is ln progress to obtain 200 to 600 (4 wt%) 
pu02-U02 test fuel rods for use ln crltlcal experiments in the PRCF. 
The two-step procurement procedure lS belng used to obtain these 
rods cornrnerclally. 

Low and high exposure half-inch diameter Pu02-U02 rods were 
investigated at various square lattice pitches as posslble candi
dates for the lnltial PCTR water lattlce experiments. Preliminary 
4-g roup dl ffus.Lon theory calculatlons have been completed to deter
mine the crltlcal number of drlver columns for the PCTR and the 
degree of spectral equilibrlum wlthln the test lattice for the case 
of the water tank assembly loaded wlth low exposure mixed oxide rods 
in a L,OO-inch square pltch lattlce. 

Dlfficultles encountered wlth ENDF/B library processing programs 
contlnue to delay general use of the system. 

Modlflcatlons Slnce 1965 to date In the BNW Master Llbrary will 
be publlshed shortly. 

A system of three General AtomlC codes deslgned to generate 
multlgroup constants ln the slowlng down energy region is being 
adapted to local use. 

Codes to generate scatterlng kernels for waLer from the 
gausslan model now appear to work properly. 

Computer codes are belng wrltten for use ln analysis of garnrna
ray spectra and analysls of flsslon product data from fuel rods. 

A new set of ALTHAEA cross sectlon llbraries have been 
generated uSlng the latest plutonlum cross section information. 

Reactor Englneerlng Development 

Updatlng of the thermal hydraullcs deslgn code, REPP, and 
correspondlng modlflcatlons of the survey code, FULCYC, have been 
completed. 

An analysls was performed to determlne the adequacy of the 
fueling vehlcle air cooling system to cool the 8-rod FERTF fuel 
element durlng charge-dlschargeo Also, calculations were performed 
to determine the effectlveness of emergency water cooling systems. 
It was found that the normal alr cooling would be adequate for 
coollng of a nondefect element. The present emergency water cooling 
system was found to be adequate to prevent cladding and fuel melting; 
however f 1 t would probably not prevent rupture of the fue 1 rods. 

.. 
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Materlals Development 

Initlal examination with the electron microscope of three 
fractured tubes with varying amounts of hydrogen showed no change 
in the mechanisms of failure. 

Test Reactor Operation 

The PRTR operated to 66 MW to produce 539 MWd during July. The 
reactor power was reduced to 50.5 MW after metallurgical observation 
of rod from a test fuel element revealed that the previous power was 
approximately 5% above the desired limit. 

The total output from the PRTR is 1901 MWd, of which 1621 MWd 
have been accumulated by the 55 fuel element batch core. 

The Fuel Element Rupture Test Facility (FE RTF) was connected to 
process channel 1550 and returned to irradlation service. 

The amount of visible crud on the fuel elements continued to 
decrease. New 10- and 40-micron pore size filters were installed in 
the prlmary system to replace the 5-mlcron filters. Four process 
tubes were examined. There were no significant changes observed 
since the previous examination. 

A planned outage for maintenance actlvities requlred eight days 
ln addltlon to 11 unscheduled outages which required lO~ days. 

Initlal tests were begun for the use of the pneumatic accessory. 

EBWR Demonstration Program 

The last two capsules ln the group of 32 are being examined. 
These capsules operated wlth estimated initial llnear powers of 
14.9-16.7 kW/ft and to estimated burnups of 26,300-27,600 MWd/tonne. 
Examinatlon of production-run rods, irradiated to an estimated 
burnup of 27,500 MWd/tonne, is under way. 

NUCLEAR SAFETY 

containment Systems Experiment 

Calculations of the CSE containment vessel leakage rate were 
made uSlng each of the indi vldual point temperature sensors, and 
these values were compared with leakage rates based on the volume 
weighted average of all temperature sensors. These comparisons 
indicate that reduced numbers of sensors can under certain circum
stances glve an adequate sample of containment air temperature. 
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A second prellminar~ aerosol transport test was successfully 
completed in the 2000 ft CSE drywell vesseL Prellminary results 
lndicate the half lives in the gas phase was 12 ± 1 min for iodine, 
ceSlum, ruthenium, and uranium. Performance of equipment was 
satisfactory, and technlques were shown to be adequate. This run 
completed the prellminary testing, and preparations are under way 
for the next aerosol test whlch will be made ln the 30,000 ft 3 CSE 
contalnment vessel. 

Two blowdown tests were performed on the reactor simulator 
vessel. In both of these tests, coolant conditions were 500 of 
and 665 psig (saturatlon pressure). The blowdowns were from a 
bottom nozzle. In one test, a 3.438-inch ID orlfice was lnstalled 
at the end of the nozzle, and in the second test the full bore of 
the 8-inch nozzle was used (6.8"). The purpose of these tests was 
to test the adequacy of varlOUS mathematlcal models for predictlng 
the critlcal dlscharge of high temperature water following sudden 
rupture of a reactor coollng system. Transient data on the liquid 
level, total liquid welght In the vessel, vessel reaction forces, 
and pressure and temperature ln the vessel and discharge plpe were 
successfully obtalned. Prel~minary analysls of data indicates that 
the observed mass flow rate lS only about 60% of that predicted by 
two-phase crltical flow models. 

The facility used to conduct experlments on the decontamination 
of Phenollne 302 palnted surfaces was modified and callbrated and 
1S now ready to cont1nue experlmental operation. 

Radioactlve Waste SOlldiflcation 

Pot calcinatlon run PC-4 successfully solldified 650,000 curies 
of radloactlvity In a 12-inch diameter pot to produce 166 Kg of 
calcine havlng 2700 watts of self-generatlng heat and a pot center
llne to wall tT of 310 °C. 

Corrosion rates for 304-L stalnless steel ln PW-l:Nap03 melts 
at Meq/p ratlos from 1. 5 to 2.3 were less than 25 mlls/mo when ex
posed at the melting pOlnt plus 50 0C~ The relatively low corrosion 
rates lndlcate feaslblilty of In-pot me1tlng at these compositions. 

Heat evolution rates of 2.6 and 1. 1 kllowatts were measured 
with the In-cell calorlmeter for pots from runs PC-4 and PC-2, 
respectively~ These numbers are In good agreement wlth the values 
predlcted from materlal balance and decay curve. 

Flssion Product Aerosol Contalnment 

A spray removal run was completed using 5% hydrazine and a 
nozzle yielding a mass medlan droplet size of 140 p. For equal 
liquld throughput the removal half-time was only about 1/5 as long 

.. 
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as that calculated assuming that the partition coefficient alone 
was controlling the removal rate . 

An initial analysis of reactive spray removal rates showed 
that unless fine droplets and/or fairly high concentrations of 
hydrazine are used, preferably at high throughputs, it is unlikely 
that 5% hydrazine would double the washout rate in the 10-foot tall 
spray column. 

Reaction rate constants were measured for several reactants 
with methyl iodide. Rates for hydrazine were similar to those for 
Na2S203· 

Disposal of Reactor Off-Gas into Soil Systems 

Data on the depth to basalt (bedrock) at the proposed NRTS 
injection slte are being evaluated and placed in functional form 
for use in the flow system analysis program. 

Waste Solidification Condensate Treatment 

Laboratory studies showed that two-stage electrodialysis treat
ment followed by anion exchange is an effective method for treating 
WSEP acid fractionator condensate. A total decontamination factor 
for ruthenlum of greater than 100 was observed. The removal of 
ruthenium and nitric acid by ion exchange alone was also examined. 
Results for this method also look promising. 

Geophysical Exploration of Rattlesnake No. 1 Well 

Results of seven drill-stern tests indicate that communication 
does not exist to any significant degree between the many basalt 
flows in the section~ and if it does exist, flow will be from the 
shallower toward the deeper zones due to the higher potentiometric 
heads in the near-surface flows and interbeds. 

Columbia River Sedimentation Studies 

Radiochemical analyses of Columbia River estuary samples pro
ceeded on schedule. Retention of several radionuclides on plastic 
sample containers for reactor effluent water was found to be sig
nificant. 

Detection of Metal Overstress by Acoustic Emission 

Development efforts continued on the program to utilize acoustic 
emission as a means of detecting flaw growth in reactor pressure 
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piping. A system analysis study to consider various parameters and 
functional approaches for arriving at a practical monitor system is 
in progress. Three recent burst tests, using 3-inch dia. A-I06-B 
carbon steel plpe samples support two earlier hypothesls concerning 
acoustic emission. These tests provided good evidence that the 
continuous background signal which is commonly observed during 
crack growth is caused by the attend~t fracturing of the oxided 
surface layer. These tests also indicated that the continuous 
signal, when present, and also some of the burst or transient signals, 
are transmltted by surface wave propagation modes whereas most of 
the other transients appear to be transmitted via shear wave modes. 

A laboratory model of a hlgh temperature piezoelectric trans
ducer was assembled and tested for seven hours at temperatures in 
excess of 600 of. Transducer performance was encouraging, and 
satisfactory sensitivity was obtained throughout the test at fre
quencies up to 500 kHz. The material used for these tests was PZT-5 
which is known to have a limited useful life at temperatures above 
600 of. Subsequent models will incorporate piezoelectric materials 
wlth higher temperature operating capabilities if such material can 
be procured. 

ASSISTANCE TO CUSTOMERS 

The QAD shlelding codes have been operational on the local com
puters. A gamma ray cross section library is being prepared to be 
used In conjunction with these codes. 

Several of the required calculations for fuel irradiation 
hazards summarles have been or will be transmitted to the interested 
parties. 
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DIVISION OF REACTOR DEVELOPMENT AND TECHNOLOGY PROGRAMS (F. W. Albaugh) 

CIVILIAN POWER REACTORS 

Nuclear Systems and Concepts Analysis (D. E. Deonigi) 

Systems Analysis Task Force Activities 

Checkout runs of modified LP systems, incorporating changes 
suggested by the Systems Analysis Task Force, have been made through
out the month on the speclfied AEC Task Force Cornrnlttee cases 
(Cases 1 through 7). These changes include: (1) corrected treat
ment of Th02 discharges; (2) narrowed convergence criterion of op
timal LP solution; and (3) improved interface with the report writer. 

Further modifications to the LP system in progress include: 
(1) making total fissile plutonium the effective restraint; (2) pro
rating capital costs of reactor in operation at the end of the 
problem; and (3) adding a value to the final plutonium stockpile. 
Cases 1 to 7 will be rerun with these changes incorporated. 

previously suggested modifications to the computer code LPOUT, 
which generates reports of LP solution, have been made successfully. 
The modifications in progress include: (1) combining Pu-239 and 
Pu-241 into fissile plutonium to check the restraint; (2) adding 
reactor average load factor table to the report; (3) reporting 
plant capacity and electrical generation comparisons; (4) correcting 
reprocessing costs to reflect throughput on the same basis as fabri
cation costs; (5) reporting a reduced cost table; and (6) including 
actual worth in 1970 dollars of isotope shadow prices as output. 

PACTOLUS Modlflcations 

A short program which will simplify methods of handling PACTOLUS 
and FAST data cards has been written. This code wlll allow data cards 
for many cases to be stacked on a tape and executed when a list of 
deslred cases is supplied. These cases will be selected from the data 
t.ape, executed, and the output tape to DAEDALUS will be stacked and 
ready for use in a single pass. 

At the same time, FAST is being changed to write to a drum ele
ment rather than tape to save the rewind time of a tape. No time 
comparisons are yet avallable as debugging is still under way. 

In addition, it has been determined that the cash flow PACTOLUS 
should be referenced to some fixed point in each interval (year) 
unless the costs are passed to the POWERCO sUbsection with greater 
detail as to the tlmes that the various events occur. This will be 
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done by charging slmple lnterest to the end of each year for events 
that happen earller ln that year. The programming of this change 
1S under way. 

A report (BNWL-429) descrlbing the operation of the PACTOLUS 
code has been dlstributed to all Systems Analysis Task Force members. 

The PNL version of POWERCO, a subroutine of PACTOLUS, differs 
from the ORNL version in ltS treatment of interim capital replace
ments, and gives a slightly lower calculated power cost for the same 
yearly percentage of replacements. The PNL program depreciates the 
interlm replacements over the same number of years as the orlginal 
plant, and wrltes off the undepreclated portions in the last year. 
An equlvalent amount of orlglnal plant lnvestment is written off 
when replacements are introduced. The ORNL program defines capital 
replacements di fferent ly and treats them as expense items. 

POWERCO has also been modifled to permlt entry of plant salvage 
value, and the detaJ.led analysls prlntouts have been changed to pro
vide a more accurate split between flxed and variable costs. 

Further modlficatlons are planned to change the treatment of 
1nitlal core recovery, to permit recovery of D20 moderator costs 
and molten salt fuel carrier costs, and to treat property taxes and 
insurances as part of the plant contr1bution to power cost. 

Offsite Program Requests 

An updated FORTRAN II verS10n of the Fuel Cycle Analysls code 
for the IBM 7090 has been completed, and all Ilnks of the code have 
been stacked on one BCD tape in card lmage form. 

The complete tape wlll contain four files as follows: 

1. A gUlde to uSlng the tape. 

2. The Cha1n GUlde to descrlbe use of the Fuel Cycle 
Analysis code. 

3. The Fuel Cycle Analysls Code c 

4. Sample data to be run with the code. 

The guide to uSlng the tape, the Chaln GUlde, and sample data 
are being prepared and updated for inclusion on the tape. 

Uranium Metal Versus OXlde Fueling for Power Reactors 

An econorruc comparison of slightly enriched uranium metal fuel
ing to Sllghtly enrlched uranlum oxide fueling has shown a fuel cycle 
cost advantage of about 0.028 mill/kWhe for metal fuels over oxide 
fuels. This comparlson (see Table I) assumes a fabrication rate of 

• 
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TABLE I 

Effect of Fabrication Rate and Exposure on Fuel Cycle Cost 
For Uranium and Uranium Oxide Fuels 

Uranium U02 
Fuel Fabrication Rate, $/kg 60 40 20 10 80 60 40 20 

Minimum Fuel Cycle Cost, 1.163 1. 020 0.862 0.774 1. 227 1.127 1.019 0.898 
Mills/kWhe 

Exposure Required for Mini- 29 ,010 25,660 21,780 19,600 38,290 35,080 31,200 26,460 
mum, MWd/MT 

Fuel Cycle Cost @ 10,000 MWd/ 1.753 1. 426 1. 099 0.935 2.144 1.832 1. 520 1.207 
MT, Mills/kWhe 

Fuel Cycle Cost @ 15,000 MWd/ 1.372 1.142 0.912 0.798 1. 639 1. 424 1. 209 0.994 
MT, Mills/kWhe I\J 

I-' 

Fuel Cycle Cost @ 20,000 MWd/ 1. 227 1. 046 0.865 1.418 1. 252 1. 086 0.920 
MT, Mills/kWhe 

Fuel Cycle Cost @ 25,000 MWd/ 1.173 1. 021 1. 309 1.172 1. 036 0.899 
MT, Mills/kWhe 
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$20/kg for the metal and $60/kg for the oxide and final exposures 
of 10,000 MWd/MT for the metal and 35,080 MWd/MT for the oxide. 
Other input parameters are given in Table II. 

This analytical result was obtained by substituting uranium 
metal fuel at 80% TD directly into a typical PWR lattice designed 
for 90% TD uranium oxide fuel. The rod size used was 0.42 inch OD 
with a 24-mill clad and a moderator-to-fuel volume ratio of 1.89. 
A more complete study could potentially arrive at a more optimum 
core design for metallic fuels. 

The calculations were made with the JASON, ALTHAEA, and QUICK 
links of the Fuel Cycle Analysis burnup chain. Since fabrication 
rates and attainable fuel exposure are subject to considerable 
change, the fuel cycle costs have been tabled at several fabrica
tion rates and final fuel exposures 1n Table I. The assumptions 
used 1n the economic analys1s and a breakdown of the resultant fuel 
costs are given 1n Table II. 

As can be seen from Table II, the greatest savings is realized 
in the increased bred fuel credit obta1ned from the metal fuel. 
This 1S most probably due to the 1ncreased epithermal-to-thermal flux 
ratio which will improve resonance absorption in U-238. Also for 
the uranium metal case, the fast effect (c) has increased from 1.044 
to 1.063. 
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TABLE II 

Uranium Metal and Oxide Fuel Cycle Cost Comparison 

These results compare fuel cycle costs for a typical PWR 
fueled with uranium metal or oxide. The uranium is determined 
from the uranium prlce schedule, and the plutonium is credited at 
$lO/g fissile. 

Plant Capacity, MWe 
Exposure, MWd/MT 
Specific Power, W/cc 
Fabrication Cost, $/kg 
Reprocessing Cost, $/kg 
Final Feed Enrichment, wt% 
Interest Rate, % 
Thermal Efficiency, % 
Load Factor, % 
Denslty (heavy metal only), g/cc 

Fuel Cycle Costs, Mills/kWhe 
Depletion Costs 
Losses 
Fabrication 
Reprocessing 
Shipping 
Interest on Working Capital 
Interest on Total Fuel Inventory 
Bred Fuel Credit 

Total Fuel Cycle Costs 

Fuel Type 
Uranium U02 

1,000 1,000 
9,118 35,258 
221 221 
20 60 
20 20 
1.20 2.32 
12 12 
30 30 
80 80 
15.1 8.63 

0.6311 0.5775 
0.0381 0.0205 
0.3046 0.2363 
0.3297 0.0788 
0.0990 0.0256 
0.1047 0.1600 
0.2607 0.2224 

-0.6143 -0.2175 

1.1641 1.1258 

Power Reactor Design Studies and Evaluations (J. C. Fox) 

Steam-Cooled Fast Reactor 

Burnup calculatlons have been run with FCC using ORNL rather 
than RUSSlan cross sections in an effort to be completely consistent 
with the rest of the study. Differences in the initial keff re
quired to obtain a batch burnup of 50,000 MWd/tonne are quite small 
(- 0 . 002) . 

A set of PNL cross sections is being prepared for use ln FCC 
and comparison with the ORNL and Russian sets. 
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Current phYS1CS results, those presented at ORNL in June, 
have been added to the design and economics slmulations. 

Because of the wide difference 1n out-of-core pressure drop 
between the B&W Low Pressure Design and the Karlsruhe Intermediate 
Pressure Des1gn, the slmulat10n has been changed to put out-of
core pressure drop in as a constant value rather than as a frac
tion of the 1n-core pressure drop. 

The cause of the discrepancy in core pressure drop, as cal
culated by the PNL des1gn simulation compared to the value given 
in the D-l des1gn document, has been found. The difference comes 
pr1marily from the way the subassembly flow is orificed. Karlsruhe 
or1ficed the flow such that the bulk coolant outlet temperature 
from each channel 1S about the same, The PNL simulation assumes 
orif1c1ng such that all subassembl1es have the same flow. Since 
the pump1ng power must be based on the hot channe 1 pressure drop, 
the flow 1n that channel lS very cr1t1cal. However, the increased 
flow results in better heat transfer, thus a larger flow cross 
section, and poss1b ly lower pressure drop, for clad temperature 
llm1ted cores. The or1ficing des1gn philosophy to use is not com
pletely ObV10US; therefore, both approaches w1ll be studied using 
the PNL simulat10n and the one result1ng in the lowest core 
pressure drop w1ll be used 1n the parametr1c stud1es. 

Efforts are cont1nu1ng on formulat1ng an adequate clad design 
analysis. 

Thermal Slnk L1m1tatlon Study 

Gross heat capacity (l.e., the amount of heat required to raise 
the temperature of the stream 1 of) calculat10ns have been completed 
for the maJor streams 1n the South Atlant1c Slope Basins, James 
R1ver to Savannah R1ver and the Eastern Gulf of r1exico Bas1ns, Ogee
chee R1ver to Pearl R1ver. 

Streams studied 1n these areas 1nclude the Ronaoke, Pee Dee, 
Congaree, Savannah, Altamaha, Swannee, Apalach1cola, Choctawhatchee, 
Alabama, and Pearl Rivers. 

USAEC-AECL Cooperative Program (J. J. Cadwell) 

In-Reactor r~easurements of Creep in Zr-2. 5 Nb Alloy 

Control, unirradiated tensile tests of Zr-2.5 Nb were conducted 
for corre lat10n wi th data reported in the March 1967 monthly report. 
The results of these tests along w1th the results of the tensile tests 
conducted on specimens sustaining pr10r in-reactor creep are given 
be low: 

.. 
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Prior In-Reactor CreeE Unirradiated Control 

Test Temperature, °c 350 400 350 400 

Ultimate Tensile 
Stress, 10 3 psi 90.5 70.0 87.7 74.8 

Yield Stress, 10 3 psi 63.8 55.1 76.4 70.0 

Total Elongation, % 13 21 13 12 

Uniform Elongation, % 9 10 6 6 

Reduction of Area, % 80 90 81 86 

These results suggest that in-reactor exposure under creep stress 
does not result in strengthening but rather a decrease in strength 
under the conditions of these tests. 

In-Reactor Corrosion of Zlrconium Alloys 

Coupons of six zlrconium alloys were exposed in the ETR ~-7 loop 
for elght ETR cycles, 174 days at temperature. The G-7 loop coolant 
ana1ysls was pH-IO NH40H, ,-0.05 ppm 02. The estimated fluxes are 
1 x 10 13 and 1 x 10 14 n/cm2 sec, pl ~eV at the two in-flux positions. 
Specimens of the six alloys were also exposed in the G-7 loop at two 
out-of-flux positions with water transport times "01 sec and 1.,1 min 
from the flux. Weight gains at the in-flux and out-of-flux posltions 
appear in Table III. 

To summarize the results: 

· At the hlgh flux position (Quadrant 234), flux-induced 
oxidation occurred on all of the six alloys. The oxida
tion was most pronounced on the Zr-Cu-Fe and prefllmed 
Zr-Cr-Fe specimens; it was intermediate on Zircaloy-2, 
Zlrcaloy-4, and etched Zr-Cr-Fe specimens. The lowest 
attack occurred on Zr-2.5 Nb and Zr-3Nb-1Sn alloys. 

· At the high flux positlon, the effect of prefilmlng varied 
as a function of alloy. On Zr-2.5 Nb and Zr-3Nb-1Sn alloys, 
welght gains were higher on etched specimens than on pre
fllmed specimens. On the remaining alloys, weight gains 
were hlgher on prefllmed specimens. 

· At the low flux position (Quadrant 233), In-flux and out
of-flux weight galns were comparable for Zirca1oy-2, 
Zircaloy-4, Zr-3Nb-1Sn and Zr-Cu-Fe alloys. In-flux 
weight gains on the Zr-Cr-Fe alloy were slightly accelera
ted on etched specimens and greatly accelerated on pre
filmed specimens. Weight gains on Zr-2. 5Nb speClmens were 
lower in-flux than out-of-flux, in agreement with the 
general behavlor of this alloy in 2-cycle and 4-cycle ex
posures. 



TABLE III 

In-Flux and Out-of-Flux Weight Gains on Zirconium Alloys 
After 174 Days in pH-10 NH40H 

Out-of- Re actor Quadrant 
p reautoclave~ BNWe. Out-of-Flux 233 

Weight Galn Autoclave -vl mln --1 lxl0 20 c sec nv-
Alloy Condltlon mg/dm2 mg/dm2 mg/dm2 mg/dm2 mg/dm2 

Zircaloy-2 Annealed E 13.7 
95! 

13. 8 15.8 
Zlrcaloy-2 Annealed 17,8-19.9 9.8 8.1 
Zircaloy-2 80% cold work E 15.0 

Zircaloy-4 Annealed E 
i25! 

14.5 14.0 
Zircaloy-4 Annealed 17.2-18.0 4.3 9.5 

Zr-1. 2Cr-0. 08 Fe " E 16.3 14.4 22.2 
Zr-l.2Cr-0.08 Fe " 14.0-14.4 i65! 18.0 393.0 

Zr-1. 2Cu-0 .28 Fe " E 125.1 79.5 44.4 69.3 
Z r- L 2 Cu - 0 . 2 8 Fe " 19.2-20.5 91.8 94.3 105. 7 

Zr-3Nb-1Sn Quenched, Aged E 16.2 14.4 
Zr-3Nb-1Sn " " 20.0-21.9 5.2 3.3 

Zr-2.SNb Quenched,20% CW,Aged E 29.0 
i3~ 

21.8 11. 4 
Zr-2.SNb " " " 13.4-14.6 23.4 3.4 

Zr-2.SNb Quenched,30% CW,Aged E 30.5 17.2 11.6 
Zr-2.SNb " " " 12.7-14.0 14.8 6 .6 

Zr-2.SNb Annealed, 20% CW E 18.9 16.0 14.7 12.7 
Zr-2.SNb " " 11.9-12.8 11. 8 9.5 

~ Zr-2.SNb specimens prefilmed 400 oC, 3 days, 100 psi steam; all other alloys prefilmed 
400 oC, 3 days, 1500 psi steam. E denotes speclmens exposed as-etched. 

b Weight gain at 174 days; autoclaved, pH-I0 NH40H, 280 °c at Battelle-Northwest. 
c Estimated fluxes; data from flux monitors not yet available. 
d Film thicknesses determined metallographically. 

Quadrant 

1.7Xl~1i 
m9:/ dm2 

121. 0 
222.8 
124.6 

78.8 
99.5 

117.6 
712.8 

379.9 
883.0 

44.0 
27,7 

52.5 
28.1 

51.1 
35.3 

52.4 
41.0 

c nv-

N 
0'\ 

ttJ 
Z 
~ 
t-i 
I 

U1 
N 
N 
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. Fretting attack was obvious on several samples at the 
I-min out-af-flux position. Weight gains on unfretted 
samples and weight gains determined metallographlcally 
were in reasonable agreement at the two out-of-flux 
positions. 

The 8-cycle data reported here are the last in a serles of 
experlments conducted in the ETR G-7 loop on the six zirconium 
alloys. Two-cycle and 4-cycle data from the series appeared ln 
previous monthly reports. In the 2-cycle and 4-cycle tests, in-flux 
oXldatlon was only slightly accelerated on etched specimens. In-flux 
oxidation was pronounced on prefilmed Zr-Cr-Fe, Zlrcaloy-2, and 
Zlrcaloy-4 alloys. The 8-cycle weight galns are generally hlgher 
than 2-cycle and 4-cycle extrapolatlons would predict. The devla
tlon from 2-cycle and 4-cycle data was pronounced for Zr-Cu-Fe, 
Zr-Cr-Fe, and Zircaloy-2j it was less pronounced for Zircaloy-4: 
Zr-2.5Nb and Zr-3Nb-lSn data deviated only slightly from the earlier 
trends. 

The general upturn ln in-flux corrosion rate may lndicate a 
radiation-induced transltion or, alternatively, a change in the 
character of the G-7 loop environment. Low corrosion rates at out
of-flux positions, at the low-flux in-pile posltlon, and on certain 
alloys at the hlgh flux position tend to discount loop contaminatlon 
as the explanatlon. An alloy-dependent radlation-induced transltion 
appears to be the more likely explanation. However, the G-7 loop 
operation, i.e., decontamlnation, resin changes, and water chemistry, 
is belng examlned for unusual factors WhlCh might contrlbute to the 
accelerated oXldation. 

Hydrogen analyses and oxidation data from a 4-cycle prefllm 
test (Quadrant 243) will appear ln the next monthly report. 

HTGR Graphite (R. E. Nightlngale) 

Radiation-Induced Graphite - water Vapor Reaction 

Attempts to measure the rate of the gamma-radiation-induced 
reaction between TSX graphite and water vapor have contlnued. Al
though the water-vapor concentration was raised to approximately 
6000 vpm, the oxidation rates in the temperature range 500 oCT 
'700 0c remain low, e.g" 10-6 hr- l . The very small weight changes 
measured during the reaction were influenced by minor Changes in gas 
flow rate, probably as a consequence of buoyancy effects. 

Attempts have been made to determine the reactlon rate from the 
concentration of gaseous products and the gas flow rate. Samples of 
the effluent gas were taken during runs in which the graphite tem
perature was as high as about 695 oc, the flow rate about 200 cm3/ 
mln, and the water-vapor concentratlon up to 5800 vpm. Chromatographic 
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analysls showed no H2, CO, or C02 ln the samples measured, wlth 
detectlon limits of 3, 2, and 4 vpm, respectlvely. An H2 concen
tration of 3 vpm corresponds to an oXldation rate of about 2.2 x 
10-6 hr-l for an 8-gram graphite sample or approxlmately a factor 
of from 2 to 10 greater than the rates recently measured by weight 
changes. It therefore appears that an analytlcal method of 
appreclably greater sensitlvlty wlll be required to determine the 
reactlon rates by means of the product gases and hence to charac
terlze accurately the reactlon of graphite with water vapor as 
promoted by ganuna radiat1on, 

Quantltati ve Determlnat10n of Water Vapor 

Manyreactlons, both thermal and radiation induced, occurring 
between 1mpurltles ln the helium coolant in HTGR, as well as re
act.ion of lmpur1 ties W1 th the graphi te, have water as a re act ant 
or a product. It 1S therefore necessary to have a method for quan
tltatlve deterrninatlon of water at as low a concentrat1on as possible 
ln order to study the effect of lmpurlt1es on the graph1te oxidation. 

Methods of analysls based on conversion of water to hydrogen on 
calclum hydride or to acetylene on calc1um carbide followed by 
standard gas-chromatographic methods of determinat10n of hydrogen 
or acetylene have been attempted. The calclum hydrlde used con
t1nually gave off hydrogen. USlng samples of 10 micrograms of 
water, the blanks were greater than the samples. This a.pproach 
was therefore dropped 1n favor of a method using calcium carb1de. 
Blank exper1ments average only a small percentage of the total water 
in our sample. However, recover1es are low, usually about 30% for a 
water sample of 2 to 60 m1crograms, Wh1Ch would necessitate cal1-
brat10n of the carbide columns. The low recovery is belleved to be 
due to holdup of water by calcium hydrox1de present as an 1mpurity 
in the calclum carb1de. Attempts are now being made to 1ncrease the 
recovery to the p01nt where quantltaclve analyses are possible. 

LiqUld Metal Fast Breeder Reactor (R.E. Nightingale) 

Sto1chlometry Efiects ln OX1de Fuels 

Twelve U02 - 25 wt% Pu02 fuel specimens with O/M's of 1.92, 
1.97, 1.99, and 2.00 were fabr1cated. Each irrad1ation capsule 
contalns an M02.00 standard and an M02-x specimen. Post1rradiation 
measurement of the melt rad1us In each pin will provide an accurate 
relat1ve measurement of the effect of stoichlometry on integrated 
thermal conductlv1ty of the oxide. 

Compositlon gradlents WhlCh arise 1n nonstoichiometric oxide 
fuels during lr radlatlon wi th no center melting are being studied. 
Capsules contalnlng U01,90' U02.00, U02.02, U02.05, and U02c15 
were lrradlated at approxlmately 20 kw;'it and rapidly discharged 
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to retaln the steady state oxygen dist.ribution. All capsules were 
returned for metallography and sampllng to determine radlal com
positlon distrlbutions. 

Cooling Rate Effects in Molten Center Oxide Fuels 

Varlatlons ln structure and fission-fragment distributlon in 
molten center U02 fuel elements discharged from the reactor at 
dlfferent controlled rates are being studied. A computer solution 
of the transient-heat-flow problem was achieved uSlng the TIGER V 
Program. Results were expressed ln terms of the rate of movement 
of the solid-llquid interface in response to a given power transient. 
For a rapid scram, the interface moves rapldly inltially, then more 
slowly; and as solidification approaches completion, the rate agaln 
lncreases. For a 1.375-inch diameter fuel core wlth 60% of the 
radius molten at steady state, complete solidiflcatlon occurs 60 
seconds after power generatlon termlnates. Other cases including 
varlOUS steady-state heat ratings, fuel sizes, and power translents 
are being programmed. Results will be used to design In-reactor 
tests for studYlng solidiflcation rate effects on fuel structure 
and impuri ty distribution, 

APPLIED AND REACTOR PHYSICS 

Plutonium Critlcality Studies (E. D. Clayton) 

Studies of Neutron Spectrum 

Spectral lnformation is important for interpretation and analysis 
of critlcality data. To date, several spherlcal proton recoil pro
portional counters have been obtained in England for use in neutron 
spectrum measurements over the energy range of approxlmately 50 keV 
to 1 MeV. With the proper pulse shape discrimlnatlon circultry it is 
expected that the useful energy range can be extended down to perhaps 
10 keV. The dlameter of these small spherical counters is 3.94 cm. 
The counters contaln a very weak plutonium source on the anode Wlre 
at the center of the sphere for purposes of callbration. 

Most of the work done thus far with the proton recoil counters 
has been for the purposes of testing, callbration, and measurement 
of system resolution. The energy resolution for the counters is ex
pected to be about 10% at the energy corresponding to the alpha 
calibratlon peak in the one atmosphere detector (359 keV). The 
resolution of this peak in the calibration tests performed so far 
has been about 30%, WhlCh is greater than desired. In order to more 
fully examlne the problem of energy resolutlon, nltrogen will be 
added to the filling gas in two of the counters. This will permlt 
an additlonal calibratlon point by means of the N-14 (n,p) C-14 
reactlon as well as another measure of resolution. 



30 BNWL-522 

PrelIminary measurements of the fast neutron leakage spectrum 
were performed on an undermoderated plutonIum assembly comprised 
of layers of Pu02-polystyrene and LUCI te. The base dimenSIons of 
the core (a rectangular parallelepIped) were 36.3 cm by 31.0 cm. 
The estImated critical height for the assembly was 34.9 cm. The 
assembly was reflected on two sIdes (ends) by one inch of Luclte, 
The core contained four 2-inch slabs of Pu02 polystyrene material 
(2.2 wt% Pu-240) at an H/Pu of 15, WIth two inches of Lucite 
between each fuel layer; the average core H/Pu ratio was 35. Ade
quate countIng statIstICS were obtained for the spectrum measurements 
while the assembly was stIll several dollars subcritical. 

The data from these measurements are under study. Computer 
codes are being prepared for rapid, effICIent analyses of the data. 

COInCIdent wIth the further callbratlon and testIng of these 
counters, steps are beIng taken to obtaIn electronIC CIrCUItry for 
pulse shape discrImInation between neutrons and gamma rays to extend 
the useful range to lower neutron energIes. 

Mixed Fuel Systems of Pu-238 - Pu-239 

The critIcalIty of a mixture of plutonIum isotopes containing 
-18 wt% Pu-238 will be studIed in experiments performed with the 
Remote Split-Table MachIne and Pu02-polystyrene compacts to provide 
a homogeneous thermal system Apart from the application of the 
data to crItIcalIty safety In production of Pu-238, the data will 
be extremely useful for checkIng computational methods and cross 
sectIon sets. As a gUIde In plannlng the experiments, a series of 
calculatIons were performed to estimate critical dimenSIons and 
masses of the plutonium on hand for the experiments. The experiments 
WIll be performed wi th about 5.3 kg plutonIum that has the following 
isotopic content: Pu-238 - 18.2 wt%, Pu-239 - 65.2 wt%, Pu-240 -
10.4 wt%, Pu-24l - 5.4 wt%, Pu-242 - 0.76 wt%. The calculations were 
made WIth the HFN code WIth multigroup constants obtalned from the 
Gamtec-ll code. The Pu-238 cross sectIons were taken from the 
Battelle master lIbrary. An effective Pu02 denSIty of 6.45 g/cm3 
was assumed in conformIty with preVIOUS Pu02-polystyrene fuels. 
The results of these calculatIons are presented In the following 
tab le: 
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Crlticality of Homogeneous Hydrogen-Moderated 
Mlxtures Contalning Pu-238 

BNWL-522 

Ratio of Bare Spheres water Reflected Spheres Hydrogen to 
Pu (total) Critical Critical Critical Critical 

Atoms Radius (cm) Mass (kg Pu) Radius (cm) Mass (kg Pu) 

30 24.90 36.40 19.86 18.48 
50 25.10 23.33 20.06 11. 90 

100 24.60 11. 33 19.73 5.84 
150 24.34 7. 40 19.63 3.88 
200 24.37 5.60 19.77 2.99 

250 24.52 4.58 20.02 2.49 
300 24.80 3.96 20.37 2.19 
350 25.15 3.55 20.79 2.00 
400 25.58 3.27 21.26 1.88 
450 26.03 3.06 21. 76 1. 79 
500 26.52 2.92 22.29 1. 73 

Based on the results of the calculations, taking into consideration 
the quantity of materlal on hand, Pu02-polystyrene blocks will be 
prepared wlth an H/Pu ratio of ~400 (~50 g Pull). Calculations have 
been made regarding heat generation from alpha decay of the Pu-238, 
and it may be necessary to apply some forced air cooling of the 
assembly core. 

Theory and Analysis 

'I'he latest version of the British Monte Carlo Code, GEM-3, is 
now operable on the IBM-7090. Calculations are presently being made 
to determlne the code's applicabillty and reliability for computlng 
crlticality of complex geometries and interacting arrays. A calcu
lation was made for a plexiglas reflected rectangular parallelepiped 
for which critlcallty had been determined at the Plutonlum Critical 
Mass Laboratory. The core material was PU02-polystyrene with an 
H/Pu of 15 contalning 2.2 wt% Pu-240. The measured critical dlmen
sions were: 23.01 x 23.01 x 20.12 cm. For this system, a keff of 
0.9962 ± 0.0139 was computed by means of GEM-3 code using the UKAEA 
7ES184 Pu-239 cross section data. 

Containment Tests of Reactor Room 

Containment tests required for safety are being conducted to 
determine the abllity of the reactor room to meet original accept
ance tests involving internal pressures of up to 4.5 Ibs/in2. After 
stopping leaks in the air supply valve, the exhaust stack valve, and 
in the steam outlet, the leakage rate was materially reduced but is 
still above the acceptable design limit. Further tests will be con
ducted on completion of painting and treatment of walls and further 
sealing around pipes and other inlets. 
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Phoenlx Fuel Reactor Program (D. D. Lannlng) 

MTR Phoenlx Experlment 

An lrradlatlon test element has been prepared to test plu
t.onl urn fuel plates under the operatlng condl tions proposed for 
the MTR Phoenlx experlment. Three serles of plates have been pre
pared, The flrst plates utillzed cast cores WhlCh resulted in un
acceptable vOlds and lncluslons. The second set of plates utilized 
extruded cores and had exceptlonally unlform plutonium distributlon 
and very few lnternal vOlds. These plates used both 6061 and 1100 
cladding. The 1100 clad plates utlllzed a 6061 lnsert at the core 
ends to minlmlze dogbonlng. Use of the lnsert resulted In an un
bonded lnterface between the 6061 frame and lnsert, and attempts to 
seal the interface by weldlng were unsuccessful. The third series 
of plates utlllzed extruded cores and 6061 cladding only. Again, 
the plutonium dlstrlbution lS very unlform and dogboning is essen
tlally nonexlstent, SlX 9-lnch plates and twelve 3-foot plates were 
prepared and shipped to Idaho Nuclear for hydraulic testlng of the 
assembly. A complete set of external hardware was also fabrlcated 
and shlpped wlth the test assembly. Charging of the element will 
be delayed pendlng the results of destructive tests belng performed 
on selected plates by BNW and hydraullc tests being performed by 
Idaho Nuclear. 

Prellmlnary speclflcatlons for the PhoenlX fuel element and 
shlm rod have been prepared and revlewed with INC and BNW personnel. 
Revislon of these speclflcatlons is being prepared for second-step 
reVlew by all lnterested personnel. Flnal specificatlons will be 
prepared upon the completlon of fabrlcatlon and standards development 
and completlon of phYS1CS tests. 

Use of the 6061 cladding for plates ellmlnates the use of a 
brazed sh1m rod fue 1 section assemb ly due to the close melt tem
peratures of the braze materlal and 6061, 

Fuels Fabricatlon and Development 

SlX hundred uranlum oxide fuels, 12 cadmium poison follower 
rods, and 16 follower fuel sections are to be modified for a PRCF 
fuel experiment. The fuel and follower design work has been com
pleted. Development work for the dlsassembly, machlnlng, welding, 
and assembly of components 1S ln process. All new component parts 
are on order. 

PRCF-Phoenlx Fuel Experlments 

A summary entltled "Crlt1cal Experiments wlth Phoenix Fuel in a 
MTR Mockup" has been subm1tted for presentat10n of a paper at the 
1967 Wlnter Meet1ng of the Arner1can Nuclear Society. 
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Calibratlon of one interlor and one perlpheral shlm in the 
PRCF-Phoenlx core has been completed, with the remalnlng SlX shims 
banked at 63.6% wlthdrawn T The callbratlon was accompllshed by 
1ncrementally lnsertlng the lnterior shlm (Shlm B) from 63.6% to 
38.9% whlle lncrementally withdrawing the perlpheral sh1m (Shim E) 
from 0% to 100%. Preliminary examinatlon of the dlfferentlal worth 
measurements for the peripheral shim yielded a total worth of ,,9$. 
The last 2% withdrawal, from 98% to 100%, exhiblted a reversal of 
worth, equal to -18.1 cents. This phenomenon is believed to be 
the result of moving the lower end of the fuel follower out of the 
h1gh thermal neutron flux Just below the core, whlle the upper part 
of the fuel follower was being moved into the region at the top of 
the core where the flux is severely depressed by the banked shlms. 
The total worth of the interlor shlm appears to be about tW1ce that 
of the peripheral shlm, or about 18$. 

Borated polyethylene sheeting will be used to slmulate equi
Ilbrium xenon poison1.ng 1n the core. Measurements of the reactl Vl ty 
worth of a single sheet of the plastic (23.5 x 2.5 x 0.005 1nchesl 
attached to the center plate in the center fuel element, agaln 
pOlnted up the sensltlvlty of this core to small disturbances to the 
fuel element posltions. Successive measurements, each of WhlCh re
qUlre removal and re1nsertion of the center fuel element, produces 
values of -20¢, -13.7¢, and -8.2¢, respect1vely. Thus, it appears 
that react1vity measurements which requ1re removal and replacement 
of fuel elements wlil have 1nherent uncertainties of the order of 
5-l0¢. Th1S problem will receive further study. 

PRCF-PhoenlX Fuel Calculat10ns 

A survey of the exper1ments completed 1nd1cated the desirabil1ty 
of per formlng at least one add1 tional experimental loading such that 
cme or more symmetrlcally-placed control rods can be fully lnserted 
wlth the fuel followers removed. The goal of such an experlment 
would be to determlne the crit1cal Slze of a conf1guratlon 1nvolvlng 
control rods WhlCh would be amenable to a two-dimens1onal calculat1on. 
The abllity to calculate in two dimensions allows the use of more 
than two energy groups, whereas our three dimensional code 1S cur
rently Ilmited to only two energy groups. A strong group structure 
dependence was found for the cri t1cal approach experlments, and 1 t lS 
expected that a slm1lar effect will be found for the PRCF serles. 
Hence, the dlfferences ln keff due to collapslng to two groups must 
be known on cores w1th control rods 1f comparlsons of three dimen
slonal, two-g roup calculatlons are to be meaningful. The indi ca ted 
experlment 1S currently planned for the last set of PRCF exper1ments. 

In orde.r to best satlsfy the requlrements for the diffuslon 
theory approx1mation, a homogeneous model for the core was selected. 
To compute thermal spectrum averaged cross sectlons for the entlre 
core, includlng the aluminum side plates and the thin water reg10ns 
between fuel boxes, two related THERMOS calculations pere performed. 
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Flrst, spatlal fluxes were computed over the meat, clad and coolant 
sl ab unl t cell. Next, anothe r s lab geometry calculation was per
formed for the water between boxes, the slde plate, a smeared 
reglon of water and alumlnum representing the alternating aluminum 
plate edges and coolant channels, and, finally, the active reg10n. 
In the last reg10n the entlre meat-clad coolant unit cell was 
homogenlzed, but the nuclel densities were adJusted according to 
the reglon-averaged flux rat10s obta1ned from the first case. The 
result1ng averaged cross sections are then correct for the entire 
core unlt cell, includlng the structure and coolant located beyond 
the fuel plate ends. Indeed, the spectrum is suff1ciently softened 
by the lncluS10n of these reg10ns so that the m1croscopic absorption 
cross sectlon of Pu-239, for example, 1S 1ncreased by S%. 

MTR-phoen1x Fuel Calculatlons 

Investlgat10n lnto the large dlfference In the magnltude of the 
powe r peaks between the PRCF experlment and the MTR 3-D calculations 
has cont1nued. Because the thermal group parameters for the fuel 
have the greatest effect on the power peaklng, an alternate source 
for these parameters was sought. 

The origlnal MTR calculatlons were performed using thermal 
group parameters from the HAMMER system verS10n of the THERMOS code. 
ThlS code was used because 1t calculates a cell diffusion coefficient 
1n additlon to the normal cell output parameters. The alternate 
source chosen for the thermal parameters was the BNW modif1catlon to 
the THERMOS code. 

The BNW version of the THERMOS code calculates a cell diffusion 
coeff1c1ent In a d1fferent manner than the HAMMER verS10n of the 
THERMOS. For unlt cells cons1stlng of thln slabs, as is the case 
for the MTR fuel plates, the thermal d1ffuSlon coeff1cient from 
THERMOSjBNW 1S approx1mately 2.S times as large as the d1ffusion 
coeff1cient from THERMOS/HAMMER. The d1fference 1n the other cell 
parameters from the two codes was 2% or less. 

US1ng the thermal parameters from THERMOSjBNW 1n a 3-D calcula
tion slmulatlng the PRCF control rod poslt10n, but w1th M.TR fuel 
composltlons, It was found that k increased approx1mately OeS mk 
wh1le the peak-to-average power ratio (PIP) decreased from 3.07 to 
2. 70. 

Comparlsons were then made between the measured and newly 
calculated power dlstr1butlons In selected fuel plates. These 
comparlsons exhibl.ted the same 10% decrease 1n the power peaks ,at 
the bottom water reflector-fuel lnterface as was found in the PIP 
rat10, I t was found also that the power peak be low the core 1n the 
sh1m fuel was traced more accurately both In magn1tude and shape. 
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Thus, lt appears that more investlgatlon lnto the calculation 
of the thermal diffuslon coefficient is ln order. The actual value 
of the coefflcient seems to have little effect on the eigenvalue 
but have large effect on flux shapes next to moderating regions. 

Code Converslon. A compiler/optimizer error was found in 
THERMOS/HAMMER whenever stacked cases were run in WhlCh the number 
of mesh points was varied from case to case. The error resulted in 
the number of mesh pOlnts in the last case of the stacked set being 
used in all cases in the set as the index limit in the calculatlon, 
the total macroscoplC cross sectlon, and the total source in the 
cell. 

ThlS error has no effect if the last case of the stacked set 
happens to have the largest number of mesh intervals. However, if 
the last case has fewer mesh intervals than all other cases, very 
small negative values for the neutron denslty will occur at each 
mesh lnterval greater than the number of lntervals ln the last case, 

Changes have been made to the THERMOS programs to alleviate 
this condition, and the program tape lS ready for use. 

A document entltled "WHIRLPOWER/POWERWRITER - Two Group, Three 
Dimensional Codes to Calculate Normalized Flux and Power Dlstribu
tions" is ln final publication process. 

MTR Core - Thermal Hydraulic Analysls 

Present conslderatlon sets the MTR operating power for a 
Phoenlx-fueled core at 29 MWt " The thermal and hydraulic limits 
used in the analysls were based on past operating experience of 
the reactor and are more stringent than authorlzed limits, A 
pressure head of 60 pSla and a pressure drop through the core of 
40 psi were maintained in the investigation. The maXlmum allowable 
values are 75 pSlg and 50 PSl pressure loss. Since bOlllng burnout 
and inclplent nucleate bOlling are strong functions of the system 
pressure, the effect of pressure head variation on reactor power is 
belng investlgated. Prellminary estlmates indicate a maXlmum 
operatlng power or 40 MWt may be attainable. 

In the first set of prelimlnary speclficatlons, the fueled 
section in the shlm rod follower was deslgned for 12 fueled plates 
wlth 0.126 inch coolant gaps. In an effort to increase fuel quan
tity and heat transfer surface area in the core, a prellminary 
analysls was conducted to determine the feaslbillty of increasing 
the number of plates from 12 to 13. ThlS could be accomplished by 
uSlng coolant gaps, conslstent wlth the stationary fuel element, of 
0.119 lnch~. It was found that this allowed 0.065 lnch coolant gap 
each for the two outslde coolant channels. Although the coolant ln 
the outslde channel is subjected to heat flux from only one heated 
surface, the 0.065 inch channel gap did not meet heat transfer 
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requirements~ However, 1ncreas1ng the gap to 0.085 inch thickness 
provIded the necessary heat transport conditions. Th1S requ1res 
removlng 0.020 Inch from the end plate reduc1ng the thlckness of 
the end plate from 0.237 1nch to 0.217 Inch c 

MTR Core - Mechanlcal Des1gn 

A d1fferent flux monItor wand IS be1ng considered which con
SlStS of a so11d alum1num 0.115 1nch dlameter rod w1th a 0.020 inch 
d1ameter Pu fuel core. The orlginal des1gn consisted of a fuel 
cored 0.050 inch dlameter W1re wlthln an alum1num tube, with coolant 
flow In the annulus between the Wlre and tube. The solid wand will 
be eaS1er to fabricate and less suscept1ble to damage dur1ng handllng. 
Calculations show that adequate coollng of the SOlld wand w1ll be 
prov1ded by the coolant flow along the slde of the wand that is open 
to the flow channel between the fuel plates. The wand 1S 1nserted 
down beside the fuel sIde plate between the second and th1rd fuel 
plate from the concave slde of the fuel box. 

MTR-Phoenlx Exper1ment 

An lrrad1atlon test element has been prepared to test plutonium 
fuel plates under the operating cond1t1ons proposed for the MTR
phoenlx experiment, Three series of plates have been prepared. The 
flrst plates utillzed cast cores Wh1Ch resulted in unacceptable 
voids and Inclus1ons. The second set of plates util1zed extruded 
cores and had exceptlonally unlform pluton1um distribution and very 
few Internal vOlds. These plates used both 6061 and 1100 cladding. 
The 1100 clad plates ut1llzed a 6061 insert at the core ends to mini
m1ze dogbonlng. The use of the Insert resulted in an unbonded 1nter
face between the 6061 frame and 1nsert, and attempts to seal the 
interface by weldIng were unsuccessful. The third ser1es of plates 
utIl1zed extruded cores and 6061 claddlng only. Again, the plutonIum 
dlstrlbutlon IS very uniform and dogbonlng essentially 1S nonexistent. 
SlX 9-lnch plates and twelve 3-foot plates were prepared and shipped 
to Idaho Nuclear for hydraulic testing of the assembly. A complete 
set of external hardware was also fabr1cated and shipped wIth the 
test assembly. ChargIng of the element w1ll be delayed pending the 
results of destruct1ve tests belng performed on selected plates by 
BNW and hydraulIc tests being performed by Idaho Nuclear. 

Prelim1nary spec1ficat.ions for the Phoenix fuel element and 
sh1m rod have been prepared and revlewed W1 th INC and BNW personnel. 
Revislon of these spec1fications is being prepared for second step 
review by all Interested personnel. Final spec1ficat1ons will be 
prepared upon the completIon of fabr1cat1on and standards development 
and completion of phySICS tests. 

The use of 6061 claddIng for plates el1mlnates the use of a 
brazed shIm rod fuel section assembly due to the close melt tempera
tures of the braze materIal and 6061. 
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Applicatlons 

CNSG Studies. Physics information on Phoenix fueled loadings 
of varlOUS pressurlzed water reactor designs has been calculated 
and transmltted to personnel conducting economic evaluations of 
these loadings. The designs are prototypical of the Consolidated 
Nuclear Steam Generator. A rough draft of a report describing the 
phYS1CS calculations and results is being written. 

Changes were made to REPP program to supply the option of 
holding the mass flow rate constant when searching for a heat
transfer-limited reactor core. 

Heat-transfer-Ilmlted cores for fuel volume fractions from 0,40 
to 0.50 and pin diameters of 0.25, 0.35, and 0.43 inch have been 
calculated. The initlal enrichment requlrements and end-of-life 
lDventorles are being found for reactors covering the above range. 
Fuel cycle costs will then be determined. 

Cores with geometries similar to the origlnal CNSG-II core 
have also been analyzed. One of these lS to be used as the base 
case and has U02 and poison plns, the other has Pu02 and no pOlson 
pins, 

HFIR. Data sheets, both input and output, for the ORNL methods 
used to calculate HFIR systems have been received. Work is now under 
way to carry out simllar calculations using PNL methods in order to 
check the applicabillty of our methods to compact flux trap reactors. 

High Temperature Reactor Lattice PhYS1CS Studies 
(R. E. Heineman) 

Reactor Construction 

At the end of June all maJor construction on the High Temperature 
Lattice Test Reactor was complete. Design testing was under way on 
the heatlng and gas cooling system. The project was, therefore, 
officlally closed out with the exceptlons to be completed wlth 
accruals to the proJect. The reactor heatup test was termlnated on 
July 2, because of a failure in an electrical control circult. The 
reactor temperature was 675 °c. The reactor was then cooled to room 
temperature for an lnspectlon of all components and to prepare for 
nuclear design tests. 

The drive assemblies on three vertical safety rods were modlfied 
to match the fourth unit which was tested during the heatup design 
tests. These modlfications have been completed and are ready for 
flnal adJustments. The vertical safety rod housings were modified 
to accept the "rod-in" llmit detector. Durlng the course of this 
work one drive and lts housing (but not the rod) fell from the top 
of the reactor to the floor. There was some minor damage to the 
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houslng and the lnner Ilner and to the allgnment of the drive 
ltself. The liner was replaced; the houslng and the drive unit 
were repalred. A chaln hoist belng used to support the rod during 
modificatlon of the houslng was shown to be at fault. 

The reactor operatlons personnel lnstalled the active portions 
of the control rods. Inverse multlpllcatlon measurements were 
taken durlng thls work since the rods contain enrlched uranium 
fuel. The control rod drlve units were mounted on the reactor 
shell and coupled to the rods. Shlm collars were fabrlcated for 
the control rod drlves. These act as a positive stop to avoid 
damage of the diaphragm in the event of over-run of the system and 
limlts. The rods were being checked out at the end of the month. 

The two osclilators were brought to the reactor building at 
the conclusion of the heatup and cooldown tests. The layout work 
for attachlng them to the reactor shell was completed. Wlring for 
the power and control circults was essentlally complete. 

After the horlzontal control rods were lnstalled, an lnter
ference was found between the rod drlves and the rear hatch. A 
modlflcatlon to the hatch was completed. 

Two leaks were located on the reactor shell at two of the VSR 
penetratlons. Repalr was rather difflcult because the welding was 
almost lnaccesslble. Leak checks wlll be made followlng the lnstal
latlon ot the vertical rods. 

Reactor Equlpment 

Oscillators. All work on both oscillators was completed, and 
the oscillators were dellvered to the reactor bUllding for installa
tion whenever space ln the reactor cell 1S available. 

Horlzontal Control Rods. Durlng the installatlon of the active 
portions of the control rods, several outer graphlte sleeves were 
broken. The break occurred at a thread relief point, and the instal
latlon procedures were modlfied to accommodate this weak point. The 
break could be expected to occur only during transfer of the rod and 
not durlng normal operatlon, 

Vertlcal Safety Rods. Installation and testing of one gas Jet
type in-llmit sWltch was completed satlsfactorily using the proto
type houslng ln 314 BUllding. Installation procedures were prepared 
together wlth the Jet units. Installatlon was completed on three of 
the rods. 

Whlle work was belng done on VSR #1, a chaln hoist supporting 
the rod assernb ly falled, and the unit fell from the top of the 
reactor to the floor. Significant damage was done to the rod 
houslng and rod channel extenslon. Some damage was also done to 
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the stepping motor and drive. The complete unit was returned for 
disassembly, examinatlon, and repair. The upper houslng was 
stralghtened, and the top flange was repalred; the rod gUlde 
channel was badly damaged and was replaced; the stepplng motor was 
removed and returned to the factory for repair; and the brake re
lease cy11nder was damaged and was replaced wi th the one from the 
prototype assembly. 

Programmed Measurement and Control System (PMACS). Some 
contact outputs in PMACS are failing, apparently because of under
ratlng of contact capaclty. Arc suppression circuits were recom
mended to eliminate this problem. A failure of the ADC was also 
noted durlng this report period. Intermittent failure of a dlode 
in the converSlon circul t was causing the problem, and it was re
placed. 

The flux monltoring eqUipment in P~illCS was checked in prepara
tlon for nuclear tests. However, a failure of the flux digitizers, 
WhlCh convert ~~ amp currents from the lon chambers to digital 
lnformation, terminated the testing. The flux digitlzers were re
turned to the vendor for repair. One has been returned, and the 
other lS ready for shipment. 

An ammeter has been lnstalled to read current through the main 
gas blower with a readout to PMACS. Simllarly, a vibration monltor 
has been lnstalled as recommended by the manufacturer. 

Reactor Operations 

The hlgh temperature heating and cooling test run was terminated 
on Sunday, July 2, due to loss of control on the heaters. The 
reactor temperature was 675 Oc at that time. An inspectlon re
vealed that dlodes and fuses had been burned out ln the electrical 
con trol clrcui ts. The loss probably resulted from high amblent 
temperatures (140 OF) in the outside substation, located in full 
sun. These control circuits have been removed and lnstalled in the 
basement 0 

The reactor was cooled and the doors removed for inspection of 
all lnternal components on July 9. Several graphite bolts from the 
rear bus bars were observed to have broken. Subsequent inspection 
shows that bolts on the front bus bars had also broken. Inspectlon 
and laboratory tests showed that the bolts had failed in tension by 
high stress. They had been inadvertently fabricated with the grain 
orlentatlon Opposlte to that of the bus bars. Replacement bolts 
were fabricated and lnstalled. 

Some Kaowool and other dust was noted in the fuel channels 
during the inspection following the test. The remainder of the 
graphite, insulation, and doors appeared ln excellent condltion. 
Leak tests were made and slgnificant leaks were found in two of the 
VSR wells. These have been rewelded. 
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Followlng the heat run, all holes in the graphite with mar
glnal dlmenslons were honed wlth a speclal tool designed for the 
purpose. All graphite sleeves and plugs were lnserted, as well 
as the horlzontal control rods. 

As a result of the test run, minor modiflcations were made 
to the controller on the process water pumps, to the piplng on 
the gas dryer, and to the flange on an expanslon bellows on one of 
the bus bars. 

A relay coordinatlon study for the HTLTR primary power system 
was also completed. The relays and Clrcult breakers have been set 
and tested at the 318 BUlldlng and substatlon C3S4 in such a way 
that the bUlldlng serVlce is not lnterrupted in the event that the 
breakers on the heater power system open. 

A reVlew of the programs used in the tests, GAS CYCLE, HEAT, 
COOL, and varlOUS LOG programs, was completed. Work has been done 
ln flve areas: (1) Debugglng gas and heat system programs, 
(2) Implementing changes to the gas-heat system programs, (3) Writlng 
a valve callbration program to be used ln conJunction wlth the gas
heat programs, (4) Wrlting the ADC callbratlon routine, and (5) De
veloping sampled data techniques. 

Debugging Gas and Heat System Program. The trouble with log
glng the four average temperatures, WhlCh was reported last month, 
was cured. Durlng several days of operatlon, no trouble was traced 
to this fault. 

A mistake in the flxed point automatlc control calculation in 
the gas system programs was found and ellmlnated. The trouble 
showed up as ln intermlttent failure WhlCh caused certain valves 
under automatlc control to fly open or closed. An add and clamp 
routlne was shortened to gain more core area. The shortened routine 
falled to account for all the posslbllltles of sign and overflow 
wlth the "ADD" lnstructlon. 

Another bug affectlng automatic control was found and eliminated. 
After a llttle less than four hours running time, the valves would 
not go into automatlc control upon request. This had never shown up 
before because all the tests were for less than four hours. This was 
ellminated by allowing 17 bits for elapsed tlme rather than the full 
18 bits. 

A bug that hasn't been elimlnated seems to be affecting only one 
group of valves. The valves deslgnated 1-, 2-, and 3-TCV12 will not 
go into automatlc control. 

Changes ln the Gas-Heat System Programs. A few changes ln the 
gas-heat programs were initlated because long term operation showed 
them to be necessary. There are three changes in the gas system and 
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three in the heating system programs. 

Operator control of the protected process water pumps Vla the 
keyboard will be elimlnated. The room is needed for other, more 
important, functions. Also, there is a hazard that the operator 
will not turn a pump on through the teletype keyboard after the 
system program has stopped and has been started again. The operator 
will have to start and stop a selected pump manually. 

Presently, the gas system program automatically switches to the 
emergency cool state if the analog position feedback for any digital 
valve falls to read properly. This will be changed so that the 
operator gets an error message. 

Before conslderable operating experience with the gas system 
was obtained, it seemed that valve IPCV12 could be automatlcally 
controlled with feedback from pressure transducer IPT12. ThlS has 
proved to be untrue. A section of the gas system program would 
change lPCV12's setpoint to reduce gas flow to the reactor when the 
coollng water from the main heat exchanger became too hot. When a 
method lS found WhlCh will decrease cooling gas flow when the maln 
heat exchanger is too hot, it will be incorporated in the program. 

The heating system 1S not as well balanced as was initially 
expected. For this reason, maximum heater limits, which can be 
changed lnd1vidually through the teletype, will be put on each 
heater bank. Presently there is one limlt for all four heat banks. 

To gain room for the above change, the rundown routine wlll be 
removed from the heat system program. The rundown routine stepped 
the heater control signal down to zero ln 0.25% (of full scale) 
steps. This wlll be changed so that the control signal is set to 
zero. The heater power will not change abruptly because of the 
capacitance 1n the long llnes from the heat DAC's to the heater con
trollers. Since the power does not drop to zero when the control 
slgnal does, a timer wlll be added so that the heater breaker will 
not close until the control slgnal is zero. 

Valve Calibration Routine. Because of the play in the mechani
cal linkage that positlons the valves, an auxiliary valve callbration 
routine is needed. Design of the routlne has been started. ThlS 
routine may be requested to calibrate one valve" When the callbra
tion routine lS called, the gas system programs must be active. 

ADC Calibration Routine. The ADC calibratlon routlne in the 
original form has been debugged. Changes to calibrate the hlgh pre
cislon RTD channels at all nine scale ranges were introduced into the 
program. These changes have not been debugged yet. 
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Sampled Data Techn1ques. A computer program was wr1tten 1n 
Fortran, to run on the PDP-7, which w1ll 1nvert modified (or 
ordinary) Z-transforms. Because the program so greatly simplif1es 
what has previously been a d1ff1cult task, the techn1que has been 
written 1n a form suitable for subm1ssion to the Proceedings of the 
IEEE as a letter. 

Reactor PhYS1CS 

Startup and Calibration Exper1ments. The 10ad1ng of the hori
zontal control rods has been completed. Even with all of the HCRs 
1n and open, the reactor 1S so subcrit1cal and the fuel so spread 
out that no accurate statements may be made. However, f rom the 
approach curves it appears that the react1 V1 ty change from open-to
closed Ithe bank worth) is approx1mately equal to 10ad1ng four HCRs 
1n the1r open pos1tions, as would be expected. 

Counts taken while ra1sing a vertlcal rod 1nd1cates that one 
VSR is approx1mately equal to the worth of the 8 HCRs operated as a 
bank. 

While setting up for th1S test, 1t was d1scovered that no counts 
could be obta1ned using the BF3 prov1ded w1th the oral mon1tor. This 
is due to the h1gh f1ll1ng pressure of the tube. The high pressure 
produces pulses Wh1Ch are too small to drive a long cable. A new 
chamber, w1th a lower fill1ng pressure, 1S being obtained to replace 
the or1g1nal BF3' 

Deslgn of the exper1mental osc1llator coupl1ngs, front and rear 
support tables, and associated equipment was completed. Fabricat10n 
of the support tables was started. Des1gn of the osc1llator carrier 
str1ps and support buckets was started. 

233 U 02-Th02 Experlments. In order to better dupl1cate the type 
of latt1ce proposed for h1gh temperature graph1te-gas-cooled 
reactors, the 1nltlal u233_Th02 exper1ments have been rev1sed. The 
latt1ces w1ll have the fuel ln small diameter fuel columns with low 
denslty rather than the densely packed 1" rods which were first to 
be used In the HTLTR. The pi tch of the fuel holes will be about 7/8". 

Agreement was reached w1th Oak R1dge National Laboratory to 
convert the u 233 02 fm1xed 1 part U-233 w1th 3 parts Th) into micro
spheres and coat w1th pyrolyt1c graph1te. This involves the con
struct10n of a u-233 fac1lity which w1ll take about three months. 
Delivery of the coated partlcles should begin around December 1, and 
exper1ments uSlng them could start around January 1, 1968. 

Due to the h1gh cost, lt was declded not to produce Th02 micro
spheres but to use fused Th02 instead. Th1S type of Th02 would 
consist of 1rregular partlcles of close to theoretical dens1ty that 
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could be screened to give particle sizes within known tolerances. 
The larger u23302-Th02 particles will be able to be separated from 
the Th02 by screening. 

Contact with General Atomic on these proposed experiments was 
maintained, and a GA review of the lattlce, experiments to be done, 
and schedule is ln progress. 

As previously reported, the Nordheim scheme for evaluating 
resonance lntegrals has been incorporated into the GAMTEC II code. 
The new code GAMNIT has been debugged and is presently in operation 
evaluating u23302-Th02 lattice arrays that are of interest to the 
HTLTR experimental program. With the addition of the Nordheim 
integration scheme, GAMNIT has the capability of generating multi
group constants reflecting the improved treatments of resonance 
capture for the broad and lower energy resonances. 

REACTOR FUELS AND MATERIALS 

Fast Fuels Oxides and Nitrides (R. E. Nightingale) 

Synthesis of Mixed Nitrldes by a Carbothermic Reduction Method 

Klnetic measurements on nitride synthesis Vla the carbothermlc 
reduction of the oxide were made for U02 and U02 - 20 wt¢ PU02. The 
reaction under study is: 

(U,PU)02(s) + 2C(s) ,... ~ N2 (g) = (U,PU)N(s) + 2CO(g). 

The reactions were carried out under a constant flow of nitrogen, and 
the rate was followed by monitoring and recording the fraction of 
carbon monoxide in the exhaust gas. 

Mlxed nitride syntheses were carried out in a 4" x 3/4" molyb
denum boat lined wlth tungsten foil, The solid reaction mlxture was 
prepared by ball mllllng 80 g U02, 20 g Pu02' and 10 g graphite for 
24 hours, presslng the powder lnto pellets, and crushlng the pellets 
into a -60, ,...100 mesh powder. Ten-gram portions of stock materlal 
were then reacted at a set temperature in a graphlte furnace to obtaln 
the kinetic data. 

To date, kinetic measurements have been taken at five tempera
tures between 1430 and 1625 °C. The reaction appears to be pseudo 
1st order and to vary wlth temperature in a nearly Arrhenius manner. 
The measured rate constant at 1430 °c is 6.1 x 10-3/min and at 
1625 °c is 2.5 x 10-2/min. The calculated Arrhenius activation 
energy is 6.2 kcal, and the calculated reaction half lives are 113 
minutes at 1420 °c and 31 minutes at 1625 °C. 
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Rate studies for the synthesls of uranium nitride were carried 
out in 1" OD x 4" alumlna cruclbles in a molybdenum-wound furnace. 
Micronized U02 was mllled wlth 9 wt% graphlte of 1-5 micron particle 
size to make the reaction mixture; a 4-5 gram synthesis batch was 
used. 

Rate measurements were made at flve temperatures, but the data 
haven't been completely analyzed. However, one rate measurement at 
1420 °c gave a flrst-order constant of 1.9 x 10-3/mln . 

Klnetlc measurements will be completed as soon as possible, and 
comparison of uranlum nltrlde and mlxed nltride reaction rates will 
be made. The klnetic effect of physlcal properties will also be 
investlgated lf rate data for the two nltrldes dlffer widely. 

UN-PuN Synthesis* 

Experlmental work was begun durlng the month uSlng the 8-inch 
spray calclner to produce U02-carbon mlxtures starting with UNH
sugar Solutlons. Flve experimental runs were made using feed solu
tlons of varylng sugar-to-uranlum ratios. In general, the uranium 
and HN03 content was held essentlally constant at 1.51M and 1.5M, 
respectively, while the sugar concentration was steadily lncreased 
from 240 to 420 gil. In four of the runs the calciner vlbrator was 
not operated during the run or subsequent cooldown. The powder ln 
the collection pot was sampled and removed. Then the calciner was 
vibrated, the filters were blown back, and the recovered powder was 
sampled. In one run the calclner was vibrated continuously during 
the entire run to minlmlze powder holdup on the hot walls. Quanti
tative analytlcal results are not yet avallable on the uranium and 
carbon content ln the powders. However, some results are avallable 
on preliminary 19nition studies where the powders are held at 950 °c 
ln alr for 2.5 to 4 hours and the welght loss determlned. These 
lnitial results and vlsual observatlons are summarlzed as follows: 

1. At sugar concentrations of 240 and 320 gil, very fine 
unlform powders were produced and 19nition tests 
indlcate about 5 and 8.5 wt% carbon, respectively. 
These carbon contents are expected to be sllghtly low 
Slnce a black resldue of carbon remalns after ignition 
and subsequent dissolutlon of the resldue in HN03. 

2. At sugar concentrations of 360 and 420 gil, the powders 
conSlsted of a heterogeneous mlxture of fine black 
powder and brownlsh agglomerates roughly 1/16 to 1/4 inch 
ln diameter. 

*Although related to the Fast Reactor Oxides and Nitrides Program, 
this study lS supported by the AEC Speclal Studies Account. 
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3. About 10 to 25% of the powder is held up on the 
calciner walls and filters when the filter blowback 
system and vibrator are not operated during a run. 
Ignition tests indicate that this powder contains 
about 0.5 to 1% carbon. Thus, frequent filter blow
back and vibration will be required to minimize 
carbon burnout. 

Irradiation of Mixed Nitrides 

Two experimental fuel capsules (GEH-14-745 & 746) containing 
mixed nitrides (UN-20 wt% PuN) contlnue to operate satisfactorily in 
the MTR. The capsules have accumulated a maXlmum exposure of approxl
mately 21,000 MWd/tonne while operating at maximum heat generation 
rates that have ranged from 25 to ",32 kW/ft. These capsules are 
scheduled to be discharged from the reactor on July 31. 

Two previously irradiated capsules (GEH-14-743 & 744) were 
returned to Hanford for postirradiation examination. The capsules 
accumulated exposures of ~2000 and 5000 MWd/tonne, respectively. 

Basic Swelling Studies (R. D. Leggett) 

The purpose of this program is to characterize and understand 
the behavior of fissionable materials 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 tlme include uranium with and without dilute alloy 
additions. 

Irradiation Program 

Capsule p-IO was discharged after operating successfully at 
design condltlons of 450 0c and 5000 psi. The capsule contains 
specimens of several dilute uranium base alloys and high purity uranium. 
The status of capsules currently active is indicated below. 

Capsule Control Control 
No. Temp.oC Pressure (psi) Burnup ( at. %) * Status 

P-IO 450 5000 0.2 - 0.8 Discharged 
P-ll 550 5000 0.2 - 0.8 Construction completed 
p-12 625 5000 0.2 - 0.8 " " 
P-13 700 5000 0.2 - 0.8 " " 
P-14 700 500 0.2 - 0.8 Under irradiatlon 
P-16 625 1000 0.35- 0.7 " 

*Different burnups are achleved in a single capsule by including 
specimens of various enrlchments. 

" 
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The above irradiatlon capsules will provide data needed to 
evaluate the effects of temperature (alpha and beta phase), 
pressure, burnup, burnup rate, and minor alloying additives on 
the lrradlatlon behavior of uranium. 

High Pressure Postirradiation Annealing 

The second postirradiation high pressure-high temperature 
anneallng study has been completed. The results of the test are 
listed below. 

Denslty Measurements of Samples Subjected to 
Postirradiation Anneallng at 15,000 psi, 900 bC for 101 Hours 

%/::,V/Vo 

Sample Burnup Denslty at 20 °c R = % burnuE Sample 
No. Desor:etion % Be fore (1) After Before (1) After 

QC2 

QA2 
QB2 
QC12 

PC2 
PA2 
PB2 

pIA14-2 

T12 
T22 

u-u diffu- Control 
Slon couple 

J. 
0.46 
0.46 
0.46 

1," 
2 dla. x Control 

;k" 
4 long 0.37 
cyllnders 0.37 

Same as 0.37 
above but 
vacuum annealed 
at 600 0c for 
~ hr prlor to 
pressure test 

Split tube 
0.030" thlck 

0.15(2) 
0.15 

16.52 

16.42 
16.56 
16.99 

18.92 
18. 77 
18.81 

17. 72 

18.15 
16.87 

16.55 

16.31 
16.51 
16.87 

18.95 
18.55 
18.43 

18.62 

18.38 
17.69 

(11 Before pressure test but after irradiation. 
(2) Irradlated at 575 °c, 1000 psi. 
(3) Hlgh purlty-high carbon (400-500 ppm). 
(4) Hlgh purity-low carbon (10 ppm) . 

Not applicable 

" 
11 

" 

3 
2 

19 

32 (3) 
85 (4) 

6 
8 

5 

23 
50 

From the table lt can be seen that the application of pressure 
at hlgh temperature has actually densified the samples which have 
prevlously swelled due to lrradiation at high temperature and con
slderably retarded the swelling of samples irradlated at low tem
perature, Optlcal metallography and electron microscopy is currently 
under way to study the nature of the aligned tearing which was present 
in the tubular speclmens before the test and also the bubble size 
distributlon in the cylindrical specimens. Of special lmportance 
will be the comparlson of the bubbles present in sample P1A14-2 to 
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those 1n PA2 and PB2 because of the similar R values obtained from 
such d1fferent anneal1ng histories. 

The U-U diffusion couples are also being photographed in 
ant1cipat1on of a high temperature anneal at one atmosphere c 

Th1S anneal will hopefully reveal the position of the fission 
product gases so that measurements of diffusion coefficients can 
be made. 

Nondestructive Testing (J. C. Spanner) 

Eddy Current Test Methods 

Bas1c Studies. A study has been started to determine the 
feas1b1l1ty of uS1ng an automated system to adjust the parameter 
separating c1rcuits of the multiparameter eddy current tester. 
Test circuits for applying the multiparameter test techniques to 
a pulsed eddy current system are being assembled, and a detailed 
analysis 1S being made of the functioning and adjustment of the 
parameter separating circuits of the multichannel eddy current 
tub1ng tester. The effect of test coil replacement and instrument 
drlft on the reproduclb1l1ty of instrument output is receiving 
spec1al emphasis. 

A project has been undertaken to determine the feasibility of 
replacing the present manual method of separation of parameters in 
the multiparameter eddy current test by an automated method. 

The present manual method of separating four parameters re
quires handsetting the values of 16 coefficients (potentiometers) 
1n the matr1x equation (P) = (a) (c); where the slgnals, (c), are 
operated upon by the coeffic1ent set, (a), to produce parametric 
outputs, (Pj. With this method, large amounts of t1me are required 
to optimize the settings for the four parameter cases. 

The phys1cal problem has been arbitrarily split into two seg
ments; an automat1c coefficient analyzer and an interface from the 
analyzer to the test apparatus. 

W1th regard to the analyzer section, automatic calculation of 
a truly Ilnear case is felt to be a reasonably straightforward 
problem from a deV1ce standpoint. However, the parameter vectors 
descr1bed are merely linear approximations to the true locus of 
var1at1on. This requires an optimization of results on some 
criter10n such as "signal-to-noise" or least-squared value of 
amplitude of undesired signals. Work is focusing upon selecting 
the best means for performing this opt1m1zation. 

The problem of 1nterfacing equipment cannot receive a great 
deal of attention until a firm selection of the type of equipment 
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for the analyzer sectlon has been made. If the automatlc method 
appears feaslble, a prototype system wlll be designed and con
structed for evaluatlon. 

The multlparameter pulsed eddy current laboratory test 
arrangement now conslsts of a pulse generator, two R-C simulatlng 
networks, a d1fferential slgnal ampl1fler, an orthogonal exponent1al 
signal analyzer compr1Slng orthogonal exponent1al generators and 
signal sampl1ng unit, and, f1nally, a signal summing network. C1r
cuits have been made operat1onal up to the exponent1al signal genera
tors and sampllng un1t. Circuits for alternate arrangements to 
evaluate dIfferent pulse analyzing technlques are also being provided. 

Reproduclblilty of flaw lnformatlon and a def1nlte cal1brat1on 
procedure are of pr1mary concern at this stage of development of the 
multlchannel eddy c~rrent tublng tester. The parameter separating 
circu1ts used In th1S tester are belng used because they can be 
easlly and accurately adJusted for a certaln set of parameters pro
v1ding these are all the varlables that are allowed to change. An 
analysis 1S belng performed, t reatlng the detected slgnals out of 
the 100 kHz and 300 kHz channels of the tester as being propor
t10nal to the product of tr1gonometr1c functions of angles and the 
magnitude of the assoc1ated parameter vector. The tester has two 
pair of outputs. One pair provides quadrature slgnals that are 
der1ved from a 100 kHz drlving frequency, ~nd the other pair provides 
quadrature slgnals from the 300 kHz frequency. The analysis per
formed thus far, indicates that reproduclble results can be obtained 
provldlng the relatlve phase angle between the probe motion vectors 
from the two palr of outputs 1S ma1ntalned constant. Also, it 
appears that SIgnal to resldue rat10s could be 1mproved if 1t were 
poss1ble to vary thIS phase angle. Poss1bly the best setting would 
be WIth the phase angle of the probe mot1on vector at 45 0 for each 
of the two paIr of outputs w1th respect to a given arbItrary co
ordinate aX1S. If further analysIs and empirical data prove this 
to be true, a phase sh1fter may be included for each pair of outputs 
from the next model of thls tester. 

Ultrasonlc Test Methods 

Ultrasonlc, mechanlcal, and electronlc apparatus has been 
assembled, and steel spec1mens are be1ng irradiated for the purpose 
of develop1ng a test method to detect lrradiation induced shift in 
the nll-ductll1 ty-transi tion temperatu:ce 1n structural steels. 

The varlOUS electron1C units have been lntegrated into a single 
package, and a linear RF gate chass1s was developed. An RF gate and 
a peak ampl1tude pulse stretcher C1rcu1t are now being developed to 
obtaIn a varylng DC output whose ampl1tude is proportional to the 
peak ampl1tude of the central zone of the recelved pulse. The 
central zone 1S the part that varles as a functlon of the irradiation 
exposure. Mod1flcations to the a1r-lock cell 1n 324 Building are 
be1ng made to enable operation ot the test system w1thin the cell. 
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Wave Propagation Stud1es. Analysis of ultrasonic wave propa
gation in a media w1th attenuation continues. In previous reports 
the problems associated with predicting the response of attenuated 
broad frequency band pulses were discussed. Briefly, it had been 
found that round-off errors were the likely causes for the poor 
representation of pulses by Fourier Series approximations which 
employ uniform periodic functions. A new analysis using damped 
periodic, or Kautz, functions was developed in an attempt to reduce 
computational errors. 

The problem of replacing the uniform amplitude functions with 
Kautz funct10ns has been, and is currently, in two distinct parts. 
F1rst, since the given ultrasonic data are in the form of amplitude 
values at d1screte t1me intervals, they must be fitted to Kautz 
functions; and secondly, the ultrasonic response pulses after 
propagat1on through the attenuating medium must be computed from 
the response frequency spect.ra. 

In studYlng the f1rst problem, the method which had appeared 
to be best for f1tting the ultrasonic data to the f1rst pair Kautz 
functions used only the first two data points in estimating the 
Kautz function amplitudes and phase. This method is acceptable so 
long as the ultrasonic data are by nature derived from a pair of 
Kautz funct1ons. However, subsequent estimates using as many as 
four Kautz pairs to elim1nate residuals have not successfully 
represented the ultrasonlc data. 

In successfully estimat1ng the pulse frequencies and damping 
factors, a method which includes all the glven data points was used. 
It is now expected that inclusion of all the available data should 
also better estimate the amplitudes and phases of Kautz pairs, 
This change 1S currently being made in the EDPM program. 

As mentioned above, the second part of the problem involves 
reconstruction of an attenuated pulse from its spectrum. This com
putation was presumed to be nonlinear. However, a linear method, 
based on the previously discussed method for pulse determination 
In the tlme doma1n, has been developed. The EDPM subroutine is 
currently being debugged, and tests to assure the valid1ty of the 
numeri cal process wlll be conducted. 

Thermal Test Methods 

Work is continuing on a remote transient method for determin1ng 
surface thermal impedance values. The method utilizes a high in
tensity xenon flash lamp to excite a plane heat wave in the sample 
surface. The energy absorbed in the sample due to the incoming 
light wave causes a transient temperature rise at the sample surface. 
The Laplace transformation of the temperature transient yields the 
surface thermal 1mpedance of the sample directly, with the assumpt10n 
of a plane heat wave into the sample. 
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A laboratory electron1c system to evaluate the Laplace trans
form automatically has been constructed as reported previously. 
Difficulties w1th the Barnes radiometer used to detect the tem
perature tranS1ent were encountered, and the instrument was subse
quently sent to the factory for repa1rs. Preliminary tests on the 
repa1red instrument indicate that 1t 1S functioning satisfactor1lYi 
more extensive tests w1ll be needed to determ1ne th1S conclusively. 

Wh1le the Barnes radiometer was undergoing repairs, construc
t10n of a slmple radiometer was undertaken in the laboratory. The 
detector used was a commercially suppl1ed indium antiomonide 
variety which requ1red liquid nitrogen cooling. The detector ex
h1b1ted suffic1ent sens1t1v1ty to detect the sample temperature 
tranS1ent. Prelim1nary tests on the system lndicated that it would 
meet the requirements of the lntended appllcation. However, the 
dewar flask conta1n1ng the detector element has started leaking so 
the flask wlll not hold liquld nitrogen. The infrared wlndow is 
constantly covered wlth condensate because of the loss of vacuum 
ln the flask. Hence, the detector cannot be used without belng 
repalred. Extremely poor quality construction has been encountered 
ln all the commerc1al detectors recently acquired. 

Composlte Test Methods 

Ultrasonlc-Eddy Current. Two types of systems for use in com
pensatlon of the effect of transducer characteristics on ultrasonic 
nondest.ruct1ve test slgnals have been studied. The first system 
uS1ng an operational amplifler wlth an adjustable feedback circuit 
1S least effective because some adJustments were excluded due to 
clrcuit lnstab1llty. The feed-forward technlque, the second system 
evaluated, uses several operat1onal amplifiers. Circuit techn1ques 
are belng sought by WhlCh the number of ampllfiers used can be 
reduced. 

Two hlgh frequency operatlonal ampli flers have been procured 
having un1ty galn-bandwldth equal to 100 MHz for use in this inves
t1gatlon~ 

Nuclear Ceramics (R. E. Nlghtingale) 

Growth of PU02 Slngle Crystals 

Tungsten-encapsulated U0 2 was successfully zone melted without 
the outgass1ng problem experlenced prevlously. The capsule for this 
experiment was formed from nuclear-grade, chemlcally vapor-deposited 
tungsten tubing WhlCh had been pre cleaned and examlned microscopi
cally for freedom from surface cracks. Although beam power was 
malntalned throughout the zone pass at a constant level, melting oc
curred only at the free end of the capsule. Slnce the power required 
for meltlng lncreases wlth posltlon along the aX1S from the free end, 
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direct control of temperature is necessary for a stable molten zone. 
The system is currently being modified to allow direct optical py
rometer measurements of sample surface temperature. 

Thinning of Nuclear Ceramics for Transmission Electron Microscopy 

A series of sintered U02 specimens was thinned to electron 
transparency by both mechanical and chemical methods. Preliminary 
examination by transmission electron microscopy indicates that even 
under closely controlled conditions, surface damage is introduced 
during the mechani.cal thinning steps. Attempts will be made to re
move this worked surface by a brief chemical etch. This should 
result in larger and more evenly thinned specimens than can be pre
pared by chemical thinnlng alone. 

Two pneumatically-impacted specimens were prepared from the 
same ceramic grade U02 powder as the sintered pellets. These will 
also be thinned by both mechanical and chemical techniques to compare 
sintered structures with pneumatically-impacted structures. 

Meltlng Points of Cerium Oxide 

preliminary measurements show that the melting point of cerium 
oxide (Ce02) is dependent on the atmosphere in the furnace and on 
the refractory metal used to heat the oxide. Initial melting was 
observed between 1900-2000 0C. Repeated melting of the same sample 
increased the melting pOlnt to a maximum value which depended on the 
atmosphere and refractory metal heater. The results are summarized 
below. 

Maximum Melting Point (oC) of Ce02 

Heater 
Material 

W 
Rh 
Ta 

Atmosphe re 
8% H2-Argon Argon 

2380 
2365 

2160 
2330 
2090 

Some reactions between the refractory metals and the Ce02 were 
observed. 
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Nuclear Graphite (R. E. Nlghtingale) 

Gas-Graphite Reactlons 

Work is contlnuing on a study of the mlcrostructural changes 
produced in TSX and AGOT-LS graphites by reaction with oxygen 
under varlOUS conditions. During the past month lnvestigation of 
the effects of high temperature thermal oXidation reactlons was 
initiatedc ThlS part of the study lS conducted using a modified 
spark-machlnlng technique In which the oxidatlon takes place 
withln the reglons lmmedlately surroundlng the sparks. The tem
peratures WhlCh have been produced In graphlte In these regions 
appear to extend at least to the melting point under certain condi
t1ons. 

In prlnclple, a spark machine operates by malntaining a series 
of sparks between a tool and the ltem to be machlned. An electrl
cal potentlal of a few hundred volts lS applled across the spark 
gap, and the posltlon of the tool is adJusted contlnuously, by a 
servo mechanlsm, to malntaln a constant serles of sparks. Spark 
size lS adjustable to achleve coarse or flne machinlng as deslred. 
The enVlronment of 011 WhlCh normally surrounds the spark gap was 
removed for the present serles of experlments. Instead, the spark 
gap was posltioned a few milllmeters from the orlflce of a small 
oxygen Jet, flowing at 200 cm 3 /mln. The tool was a l/8-inch 
d1ameter spectrographlc graphlte rod WhlCh had been sharpened to a 
flne pOlnt- To date, two experlments have been performed wlth TSX 
graphlte. The first was an attempt to machlne a hole through the 
thln central area of a dl.sC speclmen, and In the second the hole 
already present 1n a standard mechanlcally-thlnned dlSC speclmen 
was further machlned. The flrst experlment was not successful be
cause the point of the spectroscoplC graphlte tool was dulled too 
rapldly to be effectlve. It appears that thlS type of graphlte is 
chemically or mechanlcally removed conslderably more rapidly than 
TSX graph1te under the Clrcumstances of the experlment. 

In the second experlment large changes were produced in the 
graphlte mlcrostructure, even wlth the smallest spark size ava1lable, 
In l-mln oXldatlon treatments. Two slgnlflcant observatlons were 
made after thlS experlment. Flrst, there was conslderable deposi
tlon from the spectroscoplC graphlte tool on the TSX specimen. 
Second f for both the TSX and the deposlted spectroscoplC graphite, 
there was appreciable lace structu~e development of a type slmilar 
to that developed In graphlte oXldlzed elther In or downstream from 
the glow of mlcrowave-exlted oxygen, Slnce oxygen 1S known to de
compose lnto oxygen atoms to a slgnlflcant degree at the temperatures 
belleved to eXlst durlng these experlments, and Slnce ozone is un
stable at such temperatures, lt appears that the lace structures 
were produced by atomlC oxygen. Such structures have not been ob
served in speClmens oxidlzed at low (600-800 °C) temperatures where 
molecular oxygen lS the only gaseous reactant. 
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Irradiation of "Proof Test" Graphites 

Graphite irradiation capsule, H-3-26, was charged on July 12, 
and taken to temperature after the GETR startup on July 14. All 
nine Geminol thermocouples are operable, and all 13 dials are at 
design temperatures. The capsule is scheduled for discharge 1n 
November. 

This capsule contains four large samples (1.7" dia. by 2.25" 
long) to determ1ne the effect of sample size. The grades repre
sented are: CSF, NC8, 67-3, and TSGBF. The design of these larger 
dials is compatible with the modified capsule series to be init1ated 
1n November 1967. The modified capsules will permit the study of 
sample size and external restraint on the rate of radiation-induced 
dimensional changes. 

High Temperature Irradiations 

After the GEH-13-l4 capsule had been charged in the ETR for 
cycle 90 startup, a pressure leak was detected when the capsule 
portion of the lead-1n tUbing was pressurized to 250 psi. The cap
sule was removed from the reactor, and a leak was found in a thermo
couple extension lead. The leak is being repaired, and the capsule 
1S now scheduled to be charged during the cycle 91 shutdown in late 
July. The 1rrad1at1on w1ll be term1nated in December after three 
cycles of exposure. 

EBR-II Irrad1ations 

Prospects appear favorable for irradiation of an entire sub
assembly 1n a Row 6 ~osition in EBR-II. Maximum flux in this POS1-
tion 1S about 1 x 10 5 nv (E ,0.18 MeV). The irradiation will begin 
in late July and will be probably run for two cycles. The deter
min1ng factor for discharge 1S the need for space for higher prior1ty 
capsules. 

All pins requ1red to fill the subassembly have been shipped to 
EBR-II. These cons1st of 16 graphite capsules, two thermocouple 
capsules, and one dosimetry capsule. The graphite irradiations in
clude samples that were previously irradiated to exposures of about 
1022 nvt in the EBR-II. The current irradiat10n will allow us to 
continue test1ng the dimensional stability of some sample types that 
appeared prom1s1ng at 10 22 nvt. An anneal1ng series, previously 1r
radiated 1n the ETR, will be included in the experiment. A var1ety 
of new graphite types is also included. 

Results from the thermocouple irradiations are expected to 
ass1st ln the selection of a rel1able thermocouple type for use in 
fast reactor systems. The dosimetry pin will test flux and exposure 
determ1nation techniques in EBR-II 1n addition to providing fluence 
values for the subassembly. 
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Investigation of Graph1te Structure 

A slmpl1fied model of the macrostructure of polycrystalline 
graph1te has been proposed by O. D. Slagle (see BNWL-SA-1237) . 
The model allows the calculation of certain properties of poly
crystall1ne graphi tes 1n terms of the corresponding properties 
of slngle crystals, given the spat1al d1stribution function for 
crystall1 te c-axes. Since the mode l is 1ntimately 1nvolved wi th 
the microcrack system of the materlal, any change 1n that system 
should show up In the measured propert1es in a pred1ctable way. 
Such a change can be 1ntroduced by stressing samples 1n tension to 
var10US levels. A program has been undertaken uS1ng parallel 
samples of SFBF nuclear graphite to be stressed at 0, 30, 60, and 
90% of the nom1nal break1ng stress. The properties be1ng measured 
are apparent dens1ty, electr1c resist1v1ty, flexural and shear 
modul1 (sonlc), and coeff1clent of thermal expans10n to 400 0c. 
Average values of these propert1es for the 16 samples in this group 
are shown below. 

Total 
Property Temp. °c Average Value Spread, % 

Apparent dens1ty 25 1.607 g/cc
4 

1.6 
Electrlcal resist1vlty 25 8.46 x 10- slcm 6.8 
Flexural modulus 25 1.283 x 10 6 PS1 8.7 
Shear modulus 25 0.2605 x 10 6 psi 8.0 
Coeff1clent of thermal 

expanslon 2,5-425 2.27 x 10-6/oC 11.0 

All of the samples have been stressed and are currently being 
prepared for remeasurement, A second set of samples of high density 
graphi te (- L 9 g/cm3 ) 1S be1ng read1ed for the same type of testing. 

Fast Reactor Dos1metry and Damage Analyses 
(R. E. Nightingale) 

Pressure Vessel Dos1metry* 

Studies are be1ng conducted to determ1ne the feas1bility of 
using f1ss1on-track detectors as fluence monitors for reactor 
pressure vessel surveillance. To date, surface saturation of fission 
tracks and rad1ation damage have impa1red the accuracy of mica de
tectors as fluence mon1tors. A grad1ent 1n track density was noted 
as successive layers were cleaved from the samples. Prior to ir
rad1ation the samples of m1ca were wrapped 1n aluminum foil to 
facllitate handl1ng, and it 1S poss1ble that aluminum knock-on atoms 
contr1buted to the track production near the surface of the mica. 
It has been reported that only atoms w1th masses greater than or 
equal to slllcon can produce tracks in m1ca. However, Slnce aluminum 

*Th1S study, although related to fast reactor doslmetry, is funded 
unde£ a Speclal Studies account, 
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is close to sill con in weight, aluminun knock-on atoms may have 
caused tracks. It is not clear whether the track formation is a 
function of the atoIDlc mass of the incident partlcle only, or is 
dependent on the ionization potential or a comblnation of each. 
Based on the ionization potential, it might be concluded that a 
metallic knock-on atom (e. g., AI) would be more completely lonized 
than a nonmetallic atom (e.g., Si). This ionized metal atom would 
deposit energy in the mica through ionization interactions causing 
tracks to be formed in a manner simllar to that of a fission frag
ment. Irradiations will be made to provide an indication of the 
causes of track formation in mica. This information will permit 
the selection of a cover material which will not contrlbute addi
tlonal tracks or cause radlation damage to the mica. 

Mica samples wrapped with aluminum and Mylar were lrradiated 
and are now being analyzed. Initial results indicate that the 
track density ln the alumlnum-wrapped mica is much greater than 
that covered with Mylar. 

Samples of mica are being prepared for irradlation in the 
Materlals Testing Reactor. The purpose of this lrradlation is to 
determine if the fluence range of mica detectors can be extended 
beyond 5 x 10 18 nvt (E "1 MeV) by uSlng cover materials other than 
alumlnum. Cover materials of beryllium, mica, and polymide plastic 
coated wlth Teflon will be used to reduce radiatlon damage and 
track formatlon by servlng as catchers for atoms that could produce 
tracks. 

Adaptlon and Operational Checkout of Computer Programs for the 
Computer Simulation of Defect Behavlor 

Several comput.er programs are being adapted WhlCh are capable 
of calculating lattice-atom configuration, stability, and movement. 
They were deslgned to describe the generation of primary knock-on 
atoms, t.he configuration of the collision cascade, the damage state 
which results, and annealing processes for these defects 0 

The SPECTRUM Program calculates the spatial and energy spectral 
dlstrlbutlon of the primary knock-on atoms (PKA) produced by an 
lnCldent neutron spectrum. The CASCADE Program utilizes the PKA 
spectrum to compute the interaction with the atomlC lattice structure" 
ThlS glves a descrlption of the disordered reglon, WhlCh may be a 
slmple cluster or defect for a low energy PKA, or it may be an ex
tensive defect splke. The DEFECT Program is particularly useful for 
calculating the configuration energy or relative stability of a glven 
defect, the energy required or produced when the defect is moved to 
another positlon, and ltS preferred or most stable configuratlonc 
The ANNEAL Program utllizes the information produced by the DEFECT 
and CASCADE Programs to descrlbe what happens to the disordered 
reglons as they att.empt. to find a stab le configuration" 



56 BNWL-522 

These programs are ln various stages of adaption and checkout. 
Several of the early calculations are oriented towards particular 
problems which have been selected for their current interest and 
applicatlon. The flrst is the study of the vacancy-migration 
energy near a VOid., and the lattice conflguratlons or criteria 
associated with the growth and shrlnking of the vOld. A second 
problem, WhlCh lS also amenable to calculatlon, is the study of the 
configuratlon energy and the 1nterstltlal mlgration energy of helium 
near a vOld. The third problem is the calculation of fast-neutron
produced defect clusters and spikes, and their classiflcatlon by 
size and complexlty, for ultlmate comparlson with the reported high 
temperature dlsplacement effects on embrl ttlement of stalnless steel. 

Irradlatlon Damage to Reactor Metals (A. L. Bement) 

Alloy Selectlon 

The eml ttQllce of gas from the pressure tubing of liquid metal 
capsule GEH-22-4 has been traced to a pinhole defect through the 
weld metal JOlning the pressure tube with the capsule body. The 
defect was sufflciently small to survive all quality control tests 
and 55 days of reactor operatlon before eVldence of gas leakage 
forced dlscharge of the experiment. 

GEH-22-5 contalnlng nlckel-base alloys Hastelloy X-280, Inconel 
625, Inconel 718, In-120, and Incoloy 800, has been completed and 
shipped to NRTS. The lrradlatlon is planned to follow the pattern 
of prevlOus llquid metal capsule irradiations. At full reactor power, 
the specimens will be exposed at 1100-1400 of (593-760 OC) to sodium 
contalnlng 18 ppm oxygen and 25 ppm carbon to a planned fluence of 
1 x 10 21 n / cm2 I E 1 MeV I • 

In-Reactor Measurements of Mechanlcal Properties 

The purpose of the In-reactor measurements program is to deter
mlne the effects of lrradlatlon on the mechanical propertles of 
reactor structural materlals. Current effort involves measuring 
creep in AISI 304 stainless steel, nlckel-base alloys, and refrac
tory metal alloys during neutron lrradlation. 

There lS evidence that ln some of the 300 series austenltic 
stainless steels a substructure developed at a hlgh stress will 
result ln improved creep reslstance at lower stresses and higher 
test temperatures. Neutron irrad1atlon durlng the development of 
the substructure mlght provide further stabllizatlon of the sub
structure and be an effective method of strengthening. The in
reactor creep capsule 1S well suited for this type of study, since 
the substructure during 1rradlatlon can be developed under a closely 
controlled temperature and stress, and the straln can be closely 
monltored. In a prellminary study, an unlrradiated speclmen of 
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annealed 304 stainless steel was pre-crept to 18% straln under a 
stress of 50,000 psi at 450 oc, held at 760 °c for 137 hrs without 
stress, and subsequently tested at 650 °c under a stress of 20,000 
pSl. The resultlng strain rate was 1.0 x 10- 3 hr- l . The corres
pondlng strain rate In a speClmen given 18% straln at 650 Oc and 
20,000 PSl was 9.9 x 10- 4 hr-l. No signiflcant difference in the 
creep resistance representing the two pretreatments is apparent. 

Irradlation Effects in Structural Materials 

Stalnless Steels. The purpose of thls phase of the program lS 
to determlne the combined effects of lrradlation and enVlronment on 
the mechanlcal propertles of stalnless steels. Radiation-lnduced 
property changes wlll be determlned from irradiations and tests con
ducted at varlOUS t.emperatures on several alloys. Partlcular em
phasls wlll be placed on determlnlng the eXlstence of metallurglcal 
lnstabllitles and the mechanlsms by whlch they are enhanced In a 
nuclear enVlronment. 

Optical metallography on annealed 410 stainless steel irradiated 
to a fluence of 6.44 x 1021 n/cm2 (E >1 MeV) (quadrant 80) lS complete. 
There are no detectable structural changes observable wlth the optical 
mlcroscoge that would account for the low ductility (2% uniform) at 
the 500 C test temperature. There were no mlcrocracks observed in 
any of the speclmens. An abstract covering irradlation effects to 
annealed 410 stalnless steel was submltted to the American Nuclear 
Soclety for presentatlon at the November 1967 meetlng. 

A study of the effect of a long-tlme age at 1250 of (676 0C), 
followed by lrradlatlon at the same temperature, on the postlrradla
tion tenslle properties of various thermal/mechanical treated stain
less steels lS belng conducted. Speclmens are presently being aged 
at 1250 of (676 0C) to a goal exposure of 2500 hrs. The aged specl
mens wlll be divlded lnto three groups: the flrst group wlll be 
tested wlthout further treatment; the second group wlll be lrradlated 
at. 1250 of (676 0C); and the thlrd group wlll be given control thermal 
treatments, 

Nlckel-Base Alloys. The purpose of this program lS to determine 
the effects of modlfied microstructures on the irradiation stabillty 
of nlckel-base alloys. Mlcrostructural modifications are made by pre
irradiatlon thermal or thermomechanlcal treatments and are evaluated 
by tensile tests, stress-rupture tests, and microstructural examlna
tlons. 

A paper, entltled "The Influence of Thermomechanical Treatments 
on the Strength, High Temperature Stability, and Microstruct.ure of 
Hastelloy X-280," will be presented at the Internatlonal Conference 
on the Strength of Metals and Alloys to be held In Tokyo, Japan, ln 
September 1967. 
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A paper, ent1. tIed "Thermomechan1.cal Treatments of Hastelloy 
X-280 for Nuclear Reactor Appl1.cat1.ons," has been accepted for 
presentation at the Fall Meeting of the Amer1.can Institute of 
Min1.ng, Metallurgical, and Petroleum Eng1.neers 1.n Cleveland, Oh1.o, 
1.n October 1967. 

The stress-rupture test1.ng program on Inconel 600 and Inconel 
x-750 spec1.mens irradiated at 540 of (282 oC; and on corresponding 
control spec1.mens has been completed. IThe tests on s1.milarly ir
radiated Hastelloy X-280 spec1.mens, and the1.r controls, were com
pleted earlier.) Data from these tests are be1.ng analyzed. 

Stress-rupture tests have been 1.n1.t1.ated on unirrad1.ated 
Hastelloy X-280 spec1.mens that are controls for those 1.rrad1.ated 
at 1250 of (676 oC). 

A study of the effects of long-term aging on subsequent thermal 
and irradiat1.on stability of Hastelloy X-280 was init1.ated dur1.ng 
the last month. Standard and exper1.mentally treated spec1.mens were 
placed in an aging furnace at 1250 of (676 0C) for a goal exposure 
of 2500 hrs. Half of these specimens W1.l1 be lrrad1.ated at 1250 of 
(676 °C) to a goal fluence of 1 x 10 20 n/cm2 ; the other half will 
be given control exposures at 1250 of (676 0 C) for an equivalent 
length of t1.me. This work developed from an exper1.ment to determ1.ne 
the effects of irrad1.ation at 1250 of (676 °Cl on the mechanlcal 
propert1.es of Hastelloy X-280, Inconel 600, and Inconel X-750. The 
mechan1.cal propert1.es revealed s1.gni ficant thermal instab1.li ty of 
standard treated materlal. Th1.s 1.nstabillty was found to be reduced 
by experimental treatments whlch caused slgnificant precipltation 
to occur prior to 1250 of (676 0Cl exposure. These treatments also 
produced a substructure that was more stable to neut.ron irradiation. 
Long-term preirradlatlon aging treatments are being conducted to 
determlne 1f preirradlatlon stabilizatlon of the mlcrostructure can 
result in even better postlrradiatlon propertles. 

Intercallbratlon Test of Counting Laboratories. To date, 
seven of the ten partlclpatlng laboratorles have reported activat1.on 
monitor countlng results to the Paclfic Northwest Laboratory. Each 
laboratory recelved two sets of Fe, Ni, Tl, and A1Co (0,1% Co) 
monltors wh1.ch were irradlated In the MTR VH-2 Rabbit Facility for 
two hours and eight days, respectlvely. Each set was counted before 
shlpment to the part1.Clpants. 

A tabulatlon of the standard devlat1.on of count data from eight 
laboratories for each type of monltor is presented in Table IV. 
These results lndicate that differences in counting activated monitors 
are not large enough to cause appreclable error in the comparison of 
radiatlon damage data. The standard deviat1.ons calculated from these 
results are only sllghtly greater than those from the second inter
calibration test held ln 1963, desplte personnel changes in many of 
the laboratorles and new supplles of monltor Wlre. 



TABLE IV 

INTERSITE COMPARISON ON FLUX MONITOR 

Percent Standard Deviation 

Specific Activity Total Activity 

Reaction Counted 2 hr I r r. 8 day I r r. 2 hr I r r. 8 day I r r. 

60
Co 4.18 4.41 3.66 4.14 

58
Co 6.43 6.74 6.08 6.81 

54Mn 3.48 5.63 3.76 6.06 

46
Sc 5.61 1. 98 5.54 2.11 
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Although the count1ng data would 1nd1cate that no real problem 
eX1sts in comparing fluence from 1rrad1at1on tests, fluxes cal1-
brated from these data def1nitely show otherw1se. Each laboratory 
was asked to calculate neutron flux and fluence from their count 
data, glven the appropr1ate irrad1ation history, and the neutron 
spectrum for the 1rradiat1on fac1l1ty. The results rece1ved so 
far show that cross sect10ns used by several of the participating 
laborator1es for the 54Feln,p)54 Mn and the 46Ti(n,p)~6sc d1ffer by 
as much as 50%. These d1fferences, Wh1Ch are carr1ed through the 
reduction of data to the fluences reported, are sign1ficant and 
cause unacceptable uncertainty 1n compar1son of rad1ation effects 
data. 

Fracture Mechan1cs 

The results of fracture toughness test1ng of a 4-1nch thick 
A302-B pressure vessel steel plate have been discussed in prev10us 
reports, In summary, 1 t was found that there eX1st s a very strong 
gradat10n 1n the plane stra1n fracture toughness, KIc , across the 
thickness of the plate, the toughness be1ng lowest 1n the center 
and h1ghest at the plate surface. The compress1ve yield strength 
1S also lowest 1n the center of the plate; however, the thickness 
gradation ln yield strength 1S cons1derably smaller than toughness? 
One generally flnds that the toughness 1S lnversely related to the 
Y1eld strengthc The d1rect relationsh1p between fracture toughness 
and Y1eld strength, as was found 1n the A302-B plate, suggests that 
the mechan1sms controll1ng the fracturing process are more strongly 
dependent on the mlcrostructural character of the materlal than are 
macroscopic plastic flow propert1es. While the strong, through-the
thickness toughness var1atl0ns pose a maJor obstacle to determinlng 
the effect of speclmen thickness, per se, on toughness (the origlnal 
lntent of th1S study), the varlat10ns do offer an opportunity for 
correlat1ng the fractur1ng behavior with m1crostructure or other 
properties of the steel. 

A serles of examlnations across the A302-B plate thlckness have 
been in1tlated to provlde an explanation for the fracture toughness 
gradient~ These examinations have so far consisted of metallography, 
electron m1crop~obe analys1s of certaln constltuents, and electron 
microscop1C fractography. 

From the metallographlc examinations it was found that., 
throughout the plate th1ckness, the mlcrostructure consists 
essentially of a fine dispersion of carbides in a ferr1te matrlx. 
The fine carbides were sphero1dlzed by the relatlvely high tempera
ture (1200 of, 650 oC) of the temperlng treatment given the plate. 
Several d1fferences 1n the microstructure between the plate center 
and surface were noted. The over-all carbide-ferrite morphology 
was fairly unlform near the plate surfaces, but a banded structure 
eXlsted throughout the rema1nder of the plate. These bands, WhlCh 
are spaced approximately 100 microns apart, possess an overabundance 
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of carbldes wh1.1e the regions between the bands are somewhat de
nuded of carbides. The former austenite gra1n boundar1es are also 
more clearly del1neated near the plate center than at the surfaces. 

Electron m1.croprobe scans to ascertain the extent of local 
variations of the manganese, molybdenum, and carbon concentration 
have been performed at the surfaces and center of the plate. The 
average concentrations of these three elements were found to be 
about the same in both the center and surface of the plate. However, 
the d1str1but1.on of these elements was much more uniform near the 
surface than 1n the center. High concentrations of manganese and 
molybdenum were 1dentlfied w1th the bands 1n the plate center. The 
carbon concentrat1on was also considerably h1gher W1 th1n the bands 
wh1.ch suggests that the manganese and molybdenum are pr1mar1ly 1n 
the form of carb1des. The regions between the bands are poor i.n 
manganese and molybdenum. 

Fractography performed on the fractured DeB speclmens ind1cates 
that the primary mode of fracture is cleavage throughout the plate 
th1ckness. However, some distinct differences 1n the cleavage 
morphology were observed between the center and surface of the plate. 
The cleavage facets on the broken speclmens from the plate center 
are relat1vely large and readily l.dent1fiable. However, the frac
ture surface of spec1mens from the surface of the plate was charac
ter1zed by small, rather lnd1st1nct, cleavage facets surrounded by 
reg10ns of duct1le tear1ng. 

These var10US exam1nat1ons have prov1ded several important 
clues concern1ng the underlying cause(s) of the through-the-thickness 
fracture toughness gradients 0 Of the many poss1ble mechanisms con
troll1ng the fractur1ng behavior, two are presently be1ng cons1dered. 
One of these mechan1sms is based on the colony Slze of austenite 
decompos1 tlon products. It is known that plast1c deformation causes 
a reductlon of the colony Slze which in turn raises the fracture 
strength by decreas1ng the extent of unrestricted cleavage crack 
propagatlon.~ Reg1.ons near the surface underwent more plastic flow 
than the center of the plate during hot roll1ng to a 4-inch plate-
An alternat1ve mechan1sm belng considered 1S based upon the effect 
of manganese on the intr1ns1c surface energy of low carbon steel 
and the corresponding energy required for init1at1ng a runn1ng crack. 
Wh1le the electron microprobe results indicate that the average man
ganese concentrat1on 1S un1form throughout the plate, the manganese 
denuded areas between the bands present in the center reg10n of the 
plate may possess a lower surface energy. The latter mechanism 
infers that an 1mprovement in the homogeneity of the steel plate in 
terms of the alloying content would have a beneficial effect. It is 
also probable that a weld zone which is a locat1on of compos1t1onal 
heterogene1ty may possess regions of low fracture toughness because 
of the lack of certa1n surface energy enhanclng elements llke man
ganese. Efforts to establish the controlling mechanisms are con
t1nuing. 
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Fast Reactor Supporting Studies 

Structural Mater1als and Fuel Cladd1ng Studies. The obJective 
of th1S program is to determine the combined effect of environment 
and fast reactor 1rradiation on the mechanical properties of candi
date fast reactor cladding and structural alloys. The program 
currently in progress 1S specifically directed at providing a basis 
for selection of optimum alloys for FFTF applications and at pro
viding a descript10n of material behavior in fast reactor service. 

Tens1le testing of AISI 304 and 348 stainless steel specimens 
irradlated to a maximum total dose of 1.7 x 10 22 n/cm2 in the EBR-II 
has been completed. Both annealed and 25% cold worked conditions 
were investigated, and effects of specimen orientat1on w1th respect 
to rolling d1rect1on were studied for 348 stainless steel. The ir
radiation temperature has not been accurately calculated as yet, but 
prelim1nary est1mates suggest values 1n excess of 600°C. 

The 1rradiation produced a marked increase 1n 0.2% offset Y1eld 
strength in annealed 304 and 348 steels. The increase in strength 
was more than two t1mes the pre-1rradiation value for test tempera
tures between 25 and 600 °C. Above 600 °c, the strength drops 
rapidly and approaches the control value at 750 °c in the 304 but 
pers1sts to 871 °c in the 348. The increase in ultimate strength 
was not as great as the change in yield but followed the same general 
trends in temperature. 

The m1n1mum un1form ductility 1n the annealed 304 stainless 
steel was about 10% at 750 °C. This value is much greater than 
found 1n earlier experiments on a d1fferent heat of material in 
Wh1Ch a m1nimum of 0.5% was observed. The irradiation temperature 
1S also bel1eved to have been somewhat lower in the earlier experi
ment than for the present work. The differences in ductil1ty loss 
between the two experiments will be analyzed further to establish 
the nature of the difference in response to irrad1ation between the 
two heats. 

uniform elongation 1n annealed 348 in specimens cut from both 
the transverse and roll1ng direct10ns was decreased by about a 
factor of two by exposure in the EBR-II. M1nimum uniform elonga
tion was about 15% below 650 °c, decreasing to 5% above 700 °C. 

All cold worked mater1al showed little change in strength 
properties after irradiation. uniform elongation was, in general, 
somewhat improved below 600 °C. At higher temperature the ductility 
decreases by about a factor of two. The minimum ductility found in 
any of the cold worked mater1al after irradiation was about 1%. 

Fast Neutron Mechan1sms. Fundamental studies of hydrogen be
havior in reactor metals are continuing, using both hydrogen per
meation and gas evolution techn1ques. The dynamic hydrogen 
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permeation characteristics of quenched and tempered A302-B pressure 
vessel steel have been investigated at 300 °c and room temperature 
using, respectively, gaseous and electrolytic hydrogen charging 
methods. 

At 300 oC, the hydrogen absorption behav10r 1S d1ffus1on con
trolled w1th a hydrogen diffusivity of 1.1 x 10- 4 cm2/sec. The 
correspond1ng desorption behavior, however, is controlled by an as 
yet undetermined surface or internal interact10n mechanism and 
follows a rate law of the form l/J proportional to t 2 , where J is 
the desorption flux and t is time. 

At room temperature both absorpt1on and desorptlon behaV10r are 
anomalous. Desorpt1on follows the rate law l/J = ~ T B . t and 1S 
unaffected by the nature (aqueous, vacuum) of the desorption enV1ron
ment~ Further work is 1n progress to clar1fy the mechan1sms involved 
for both temperature ranges. 

Th1n Section Mater1als. The program to select a material for 
an In-core pressure device for the FFTF 1S cont1nu1ng. It was 
antic1pated that tenS1le specimens from thin sheet material would 
be exposed to flowing sodium in the 314 BU1lding 1sothermal loop and 
then tested in tension. Sheet specimens 1n the th1ckness range from 
0.005 to 0.015 inch have been prepared. Preliminary results from 
spec1mens exposed in the isothermal loop ind1cate that adJustments 
1n compatib1lity must be made to serve the needs of the program. 

Test Facllities. The b1d due date for the liqU1d metal storage 
and load1ng faC1l1 ty, Wh1Ch will 1nclude an inert atmosphere glove
box, was extended to the last week of July at the request of the 
vendors. 

Design for the renovation of Building 32l-A is 1n the comment 
stage. A date for the start of construct1on has yet to be set. 

The MSAR support system for the sodium loop was rece1ved on 
plant during the month. The sodium loop support system, when off
loaded from the ra1lroad car, showed eV1dence of severe shock durlng 
trans1t. Supports were broken or knocked out of position and p1pe 
insulat10n was cracked, broken, and d1splaced. Damage is be1ng 
assessed, and a damage report is being written. 

Prel1minary deslgn work has been started on the p1p1ng for the 
sodium loop test stands which will be located behind a radiat10n 
shield. This effort involves deta1led consideration of required 
mechan1cal functions, thermal stress analyses, and radiation safe
guards requlrements. 

Currently, creep tests 1n the convent1onal test stands are be1ng 
performed on Hastelloy X-280 at 1500 of (815 °C) and at 1650 of 
(898 °C) in air. One bench mounted test stand for an inert atmosphere 
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env1ronment has been assembled and placed in serV1ceo Hastelloy 
X-280 is being tested 1n hel1um at 1832 of (1000 °Cl. 

ATR Gas Loop Support1ng Studies 

Model Gas Loop Stud1es. The model gas loop is a 2100 of 
(1150 OCI rec1rculating hel1um loop which 1S being operated to 
determine the effect of helium atmosphere on h1gh temperature 
mater1als and spec1men holders, and to see 1f prolonged use will 
affect the operat1ng characterist1cs of the new heater. This loop 
1S a one-tenth size model of the gas loop that 1S being constructed 
1n the Advanced Test Reactor at Idaho Falls. 

The model gas loop has operated a total of 3935 hrs Slnce instal
lation of the new heater w1th 75 thermal cycles from room temperature 
to var10US heater outlet temperatures. No operat1ng time was accumu
lated dur1ng the past month; however, repairs and modificat1ons to 
the system and preparat10ns for a new test ser1es are nearing- comple
tion. 

An add1tion to the hor1zontal test assembly which will permit 
insertion of the test specimens 1nto the hot gas stream after the 
loop 1S at operat1ng condit1ons w1th h1gh pur1ty hel1um is completed 
and currently be1ng evaluated. Th1S system is be1ng developed in 
order to conduct corrOS1on tests under extremely well-controlled 
gas conditlons. The eventual goal 1S to allow 1nsert1on, test1ng, 
withdrawal, and 1nspect1on of specimens w1thout shutting down the 
loop system. 

Tests w1th flow1ng gas at room temperature and 1000 of (538 0C) 
have been conducted No increase in the gas 1mpurities was found 
dur1ng the room temperature test; however, at 1000 of (538 OC) a 
small lncrease ln the hydrogen impurity level was noted. No in
creases ln the 1mpurlty levels of 02 - CO - CH4 - N or H20 vapor 
were detected. These tests were conducted W1 th the bypass cleanup 
system shut down after clean gas had been obtained. Sim1lar tests 
with the cleanup system operatlng are belng conducted. 

Superalloy and Refractory Metal CorrOS1on Studies. The adher
ence of oXlde films on metals 1S of cont1nu1ng interest in the ATR 
corrOS1on program. The structural metals put into a high-temperature 
1nert-gas loop wlll most probably be Ilghtly oxidized. This oxide 
1S therefore a source of contam1nation to the more reactlve metals 
planned for loop exposure, notably nlob1um and n10blum alloys. The 
presence of oX1de suggests potential problems resulting from 
(11 mechanical fa1lure of an oX1de f1lm,free1ng part1culate matter 
to the gas stream and (2) chemical reduct10n of the oxide, free1ng 
oX1dants at low part1al pressures to the helium stream. 

A laboratory-scale experiment was started to investigate more 
fully structural metal oX1de mechanlcs. Essent1ally, the procedure 
is as follows: 
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a. OX1dation of a Hastelloy X-280 sample at 1000 °c in 
pure oxygen to about 1 mg/cm2 sample we1ght gain, 

b. Holding the sample at temperature while the oXLdant 
lS pumped out, 

c~ Subjecting an oX1dized sample to either 10- 4 torr 
dynamic vacuum or 0.02 torr replenished hydrogen 
at 1100 oc, or 

d. Subject1ng an oxidized sample to either 10- 4 torr 
dynamic vacuum or 0.02 torr replenished hydrogen at 
1100 °c, and 

e. Continuously following the we1ght change of the sample. 

The oX1de formed at 1000 °c and held for about two days at 
1000 °c in 10-4 torr dynamic vacuo seem1ngly retained its protective 
nature. However, spalling of the oxide d1d occur when the sample 
was cooled to room temperature. 

Oxides formed at 1000 °c and exposed to 10- 4 torr dynamic vacuo 
for two days at 1100 °c immediately lost continu1ty, and weight losses 
resulting from metal evaporation, oxide spall1ng, oxide reduct1on, 
or a combinat1on of the three were noted. The same behav10r was also 
observed for a sample oX1dized at 1000 °c and exposed to flowing 
low pressure hydrogen at 1100 0c. The isothermal weight loss 1n both 
tests followed essent1ally a smooth nonlinear curve, 1ndicat1ng no 
gross oX1de spalling from the samples. Weight loss amounted to 
1.12 mg/cm2 during a 26-hr per10d for the sample exposed to vacuum 
and 1.33 mg/cm2 during a 25-hr per10d for the sample exposed to hy
drogen. After each sample had cooled to room temperature, oX1de 
degradat10n occurred to the extent that large oxide flakes could 
eas1ly be w1ped from t>he s ample surface. 

The combination of h1gh temperature and a reducing or 1nert 
atmosphere plays an 1mportant role in superalloy oxide degradat1on. 
Further work to separate those mechanisms promoting oX1de loss by 
chem1cal or mechan1cal means Wh1Ch are typical of ATR cond1tions lS 
planned. Also, test1ng an oX1dized superalloy in near or int1mate 
contact with a reactive metal in a reducing atmosphere is planned. 

Damage Mechan1sms in Iron 

The objective of th1S program is to determine how defects pro
duced in 1ron by neutron irradiation interact w1th moving dislocations 
to mod1fy the mechanical properties of the metal. 

During this period a paper describing the experlmental techn1ques 
employed in the study of thermally activated flow in Ferrovac E 1ron 
and the theoretical slgnificance of the results as appl1ed to bcc 
metals in general was completed for submission to Ace Metallurgica. 
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A test to determ1ne the feas1b1lity of emploY1ng poly
crystalline spec1mens for ultrason1c attenuation experiments was 
performed. The results 1nd1cated such spec1mens are unsat1sfactory 
due to the large scattering from gra1n boundar1es. In the case of 
1ron the f1rst echo could not be d1stinguished from the background 
while for a molybdenum polycrystal the f1rst echo could be dis
tingUJ.,shed, but changes due to d.1slocation multiplicat10n during 
ye1lding could not be resolved. PreV10US tests on Mo slngle crys
tals had perm1tted resolut1on of four echos and a change 1n attenua
t10n with stra1n had been observede 

H1gh Pressure Studies 

The prev10usly reported format1on at 20 kbars and 900 °c of an 
unknown alloy or compound of Mo, Tat NaK, pyrophyll1te and 303 
stainless steel has been repeated under carefully controlled condi
t1ons. In the most recent test the temperature was slowly 1ncreased 
unt1l the react10n took place. Th1S react10n 1S accompan1ed by a 
large volume change of the react10n products 0 Prev10usly determined 
power-versus-temperature curves ind1cate that the temperature at the 
t1me of the react10n was ,8000C. Post-test exam1nat1on revealed 
that temperatures h1gh enough to melt the 303 sta1nless steel cans 
11500 °CI, form a Ta-Fe eutect1c i, 1400 °CI, and put the Mo into 
SOlld Solut1on w1th the Fe ( 1400 oCI had been atta1ned. 

The exact cause of the h1gher temperatures 1S not clear at th1S 
time, but it 1S known that the mater1al used for a pressure trans
mitting med1a, namely, pyrophyllite IGrade A Lava), contalns 6% by 
weight water of hydratlon. It 1S also known that th1S water is re
leased at about 600-800 °c w1th an accompanying 1ncrease in volume of 
the lava. Calculations of the heat released from a NaK-H20 react10n 
at 800 0c Ind1cate that temperatures 1n excess of 2000 °c could be 
reached dependIng on the rate of heat leak. Future tests w1ll con
centrate on replac1ng the pyrophyllite w1th BN and Grade 1136 Lava 1n 
an effort to 1solate the posslble NaK-H20 react1on. 

A h1gh pressure form of B203 was prepared 1n 3.2 hrs at 39 kbars 
and 680 0c. The orig1nal mater1al was amorphous B203 glass, and the 
h1gh pressure mater1al was monoclln1c w1th a o = 4.52 ~, b o = 4.14 ~, 
Co = 4.64 ~, and B :0 120 025'. This structure is ,20% more dense than 
the hexagonal crystal structure normally stable at amb1ent conditions. 
The monocl1nlc phase 1S not as hygr'oscop1C as the hexagonal phase 
although prolonged exposure to air w1ll cause some H3B03 to be formed. 

The rut1le structure of T102 has been formed at 36 kbars and 
500 °c for 0.6 hrc Normally (at 1 atm.\, the rutile structure is 
formed only above 900 °Co It was hoped that a previously reported 
more dense form of T102 would be formed, but only the rut1le struc
ture was evident from x-ray analysls. 
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ATR Gas Loop Operation and Maintenance (G. A. Last) 

ATR Gas Loop Support 

Gas Cooled Loop Vendor Data Review. The stress report for the 
stainless steel heat exchanger has been reviewed by Teledyne 
Materials Research, and it is their opinion that the revised design 
submitted by Fansteel Corporation does meet the stress report re
qUirements of ASME BPVC Sect10n III, Nuclear Vessels, with respect 
to method. 

The draw1ngs for the primary heater control have been reviewed, 
and changes will be requ1red to permit manual selection of e1ther 
the heater exit controller or the gas loop core exit controller, in
stead of the automatic select10n relay, as an option. 

Several other contract submittals have been rev1ewed and the 
comments transmitted to the Architect-Eng1neer. 

Gas Cooled Loop Des1gn Review. Three packages of drawings des
cr1bing the GCL p1pe support arrangement were rev1ewed to the extent 
permitted by the data suppl1ed, and comments were transmitted for 
distribut10n to Ebasco and the other approval agencies. 

Other GCL drawing and specif1cation revisions were rev1ewed and 
slgned off. 

The outstanding loop construction component and system opera
tional spec1fications were signed at the AEC's request so they could 
be released for preliminary scheduling. Ebasco will 1ncorporate PNL 
comments at. such time as our review 1S complete. 

Analytical Instrumentat1on. The 1nspect1on procedures for the 
analytical 1nstrumentation being constructed by Montek, Salt Lake 
City, utah, are nearly complete. It is necessary to verify that the 
analyt1cal results on a known sample are wlthin the calibration range 
of the 1nstruments and that the water monitors w1ll measure less than 
one ppm. This can be accomplished by the use of two or three bottles 
of callbrat10n gases. The final testing will be done as follows: 

1. PNL will use purified gas from the model loop purlfl
cation system as a reference for the water monltors. 

2, Gas m1xtures wlll be prepared and verif1ed with our 
chromatograph. The mixtures wlll represent a con
taminated or off-standard condition with approximately 
8 ppm H2' 4 ppm 02, 6 ppm N2, 4 ppm CH4, 5 ppm CO, and 
5 ppm C02. 

3. The high level C02 (300-500 ppm) sample wl11 be used in 
conJunction wlth the C02 analyzers to test operation of 
the d1lut1on tra1n rotameter box. 
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The analytlcal lnstrumentat10n now being used on the model 
loop was demonstrated and expla1ned to personnel from Idaho 
Nuclear. Further meet1ngs w1ll be planned to or1entate opera
t10nal personnel for the analyt1cal Instrumentat10n for the ATR 
gas loop. 

Meetings, Meetings were held 1n San Francisco on June 27 and 
28 to resolve all outstand1ng differences and cla1ms in existence 
on the main 1nstrument panel order. 

It was determined at this meeting that welding inspection for 
the transm1 tters and u It rason1C test1ng on the Hoke valve bod1es 
m1ght be relaxed if 1t would 1mprove the panel delivery, Ebasco 
cont1nued to 1ns1st that thelr spec1f1cat1on P-3001 was spec1fl
cally applicable to the transm1tter panel. All other 1tems 
1dent1f1ed as problems by recent vendor correspondence were d1S
cussed 1n terms of both cost and del1very. The weld1ng problem 
and results of PNL metallography were dIscussed, and the PNL recom
mendation that the vendor be requested to supply a procedure, 
qua 11 ficat10n weld on tublng, and samples for metallographic exami
nat10n for each weld conflgurat1on was accepted by the other 
agencles. It was agreed that th1S would be a des1gn change, Slnce 
the requ1rements were not expl1c1tly called out 1n P-3001. 

On June 26, J. Stearns, W. Thomas, and E. Heck v1s1ted LCL 
Controls 1n South San FrancIsco, where the main 1nstrument panel 
1S be1ng fabr1cated. All cutouts except those for the heater con
trols, the M-G set sW1tches, and the GE meters have been made, and 
the panel had been paInted. Work on 1nstallat1on of the 1nstruments 
and WI re trays was proceedlng, W1 th w1rlng expected to beg1n the 
follow1ng week. 

Metall1c Fuels Development (G. A. Last) 

Irrad1atlon of Thor1um-Uranlum-Zlrcon1um Fuel Elements 

The three Th - 2.5 wt% U (93.2% U-235) - 1.0 wt% Zr tubular fuel 
elements be1ng 1rradiated in the P-7 hot water loop in the ETR were 
transferred to the Test Reactor Area (TRA) hot cell for v1sual 
exam1nat1on, a1r we1ghlng, and d1mensional measurement, The visual 
inspection conf1rmed the presence of a heavy fllm (presumably Zr02) 
on the outer surfaces that was cracking and spall1ng, mostly at the 
element center. FilmIng on the Inslde tubular surface appeared to 
be 1ntact. The braze weld eutect1c closures did not appear corroded 
or excess1vely filmed although some band1ng was evident w1thin the 
heat-affected zone. There were no 1nd1cat1ons that localized or 
accelerated clad corrOS1on Ipltt1ngl was occurring. No 1nd1cation 
of clad th1nn1ng or neck1ng was seen on the surfaces of the elements. 
The 1nner tubular bores were smooth and free of any 1nd1cations of 
mechan1cal 1nstab111 ty. 
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The unknown extent of clad corrosion we1ght gains (filming) 
and weight losses (spall1ng) has created uncerta1nty as to the 
accuracy of swelling data derived from interim fuel element bulk 
density measurements made in the ETR basin. Air weighing of the 
elements revealed that corrosion weight gains and we1ght losses 
have been nearly compensating, and the current a1r weights are not 
signif1cantly d1fferent from the initial preirradiat10n weights. 
with this be1ng the case, the validity of inter1m fuel swelling 
data 1S substant1ated. The following table shows a comparison 
between the routinely determ1ned fuel swelling from 1nterim weight 
data and fuel swell1ng from air cell data. 

Comparison of Swelling Data 
Obtained on Th-U-Zr Fuel Elements 

Element 
(Exposure) 

GEH-IO-64 
(13,000 MWd/tonne) 

GEH-IO-65 
(18,600 MWd/tonne) 

GEH-IO-71 
(9,400 MWd/tonne) 

Fuel Swelling, % 6V 
Inter1m Air Hot 

Basin Data Cell Data 

1. 68 2.10 

3.35 3.29 

1.29 1.47 

D1mens1ona1 measurements indicated that the ins1de diameters of 
the tubular elements have not changed. Lengths increased quite uni
formly w1th burnup at the rate of about 0.028 inch (for 8~-inch 
length) per at.% BU. Outside diameter measurements indicate that the 
elements are "barreling", for the diameter increases at the element 
center are 50 to 100% greater than they are near the end closures. 
Est1mates of fuel volume lncreases made from the dimens10nal measure
ments agree closely w1th those determined from weighing the fuel 
elements 1D water 1n the ETR basin. 

These three elements were returned to the P-7 loop and are con
tinu1ng the1r irradiat1on. Three other elements which were being 
irradiated 1n the M-3 loop are being stored in the viewing bas1n at 
the ETR site. There is every reason to believe that the elements 
can successfully attain the1r goal exposure of 3.0 at.% BU. The 
element 1nner bores w1ll be watched for instabil1ty and the outer 
clad surfaces will be routinely examined for clad thinning or pitting. 

High Exposure Uranium Irradiation Test 

Hollow core uranium fuel elements being tested 1n the M-3 hot 
water loop of the ETR are now 1n the sixth reactor cycle of ir
rad1ation. At the conclus1on of th1S ETR cycle, number 90, the 
estimated accumulated exposure for the 24 fuel elements w1ll range 
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from approximately 600 to 6500 MWd/tonne. The maXlmum fuel core 
temperatures range from approxlmately 360 °c to 540 °c. These 
fuel elements, 0.45-lnch dlameter by 6.25-lnch long and clad wlth 
Zr-2, are part of an lrradlatlon test that has been designed to 
operate uranlum fuel rods at elevated alpha phase temperat.ures to 
burnups greater than 10,000 MWd/tonne (6 x 10 20 flsslons/em3 ). 
The varlables belng studied In thlS test Include fuel composltion, 
external restralnt, and lnternal vOld volume. The comblned effects 
of the plastlc character of uranlum durlng irradlatlon and the 
restraints from the claddlng and system pressure are expected to 
cause the uranlum swelilng to be accommodated by a central hole. 
Two uranlum composltlons are beIng used: Alloy 1, contalnlng 
U + 350 ppm Fe - 800 ppm Al; and Alloy 2, contaIning U + 150 ppm 
Fe - 100 ppm Sl. A fuel enrlchment of 4,5% U-235 IS beIng used to 
achieve the desIred burnup rate (10,000 MWd/tonne In one calendar 
year) and temperatures. Fuel rods of both composlt1.0nS were fabrI
cated by coextrusion to O.450-lnch dlameter with 0.025-inch and 
0.050-inch thIck Zr-2 claddIng. 

Addltlonal elements have been successfully brazed and TIG 
welded wlth no Indlcatlons of poroslty In the braze or weld area. 
These elements wlll be shlpped to the ETR as soon as flnal machinlng 
and autoclavlng IS completed 

ENGINEERlNG DEVELGPr;T.ENT 

Neutron Flux Monltors (W. G. Spear) 

Regeneratlve Detectors (Thermal Neutron Flux) 

Contlnued preparatIons furthered progress toward the compre
henslve reactor ~n-core test program to evaluate characterlstlcs 
of the regeneratlve thermal neutron flux detectors. Reference 
radIographs and photographs were made of all ten detectors prepara
tory to capsule assembly. All ten detectors, includlng four re
generatlve detectors, one fISSIon detector, one gamma detector, and 
four self-powered beta-current devlces, are being assembled Into a 
SIngle test capsule for IrradIation at the ETR. 

ExtenSlve laboratory tests of the electronic instrumentation 
system to permlt accurate, comparatlve measurements of the opera
tional characterlstlcs of the detectors during the extended evalua
tIon test wlll be conducted to prove out the performance of the 
instrumentation system. ThlS wlll also supply the necessary 
reference data prIor to installatIon at the ETR. Instrumentation 
calibratlons and gamma senS.l tl vi ty measurements wlll be taken at 
the PNL 3.5 x 10 5 CI 60Co gamma faCILIty. 
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The regenerative detector overcomes the usual rapid burnout 
problem at high neutron flux levels of the U-235 detector by the 
use of the developed U-234 - U-235 regenerating technique. In 
this method U-234 transmutes to U-235 to prov1de replenishment of 
the fissioned atoms and proviAe long-lived proper operat1on dur1ng 
in -core use., 

Microwave Detectors (Thermal Neutron Flux) 

The ionlzat1on caused by charged particles from an (n ,p) 
reaction of thermal neutrons with He-3 or by the fission fragments 
from U-235 or specIal regenerating mixture will result in a plasma. 
If th1S plasma 1S created within a microwave resonant cav1ty, the 
resonant frequency and cavity Q w1ll be proport1onal to the plasma 
free electron dens1ty. Thus, the frequency Sh1ft of the cav1ty IS 
related to the InCIdent neutron flux dens1ty. 

Dur1ng prev10us experIments a slgn1f1cant reduct10n of sensor 
sens1t1v1ty was noted. As reported, the 1nclus1on of a d1electr1c 
capsule WIthIn the microwave cavity w1ll reduce the sensIt1vity by 
a factor of about 10 as compared w1th a dielectric-free sensor cav1ty. 
Thus, 1t 1S Important to obtain a sensor WhICh 1S gas-t1ght and also 
allow efficiency coupl1ng of m1crowave energy. Techn1ques to obta1n 
SUItable metal-to-ceramic seals 1n waveguide sections have been 
successful. TechnIques to successfully attach these to a cav1ty 
have been partially successful to date. One assembly has been 
assembled at relat1vely low temperature (185 0Cl, making complete 
"bake-out" d1ff1cult, Other assembl1es fabricated offsite contained 
gas leaks 1n the metal-ceramic seals. Th1S failure is traceable to 
an 1ncorrect assembly and brazing sequence. The manuf acturer used 
two braz1ng operat1ons, the second of Wh1Ch was to attach an end cap 
to the already assembled vacuum tight wavegu1de caVIty body assembly. 
The result1ng stra1n resulted in eventual fracture of the ceram1C. 

A Sllght change in des1gn to overcome some of the encountered 
dIfficulties in the strain on the ceram1C should allow the fabrIca
tIon of satisfactory cavity sensors for subsequent 1n-reactor neutron 
flux measurements. 

Regenerat1ng Detectors (Fast Neutron Flux) 

To ach1eve rugged, long-l1ved reactor in-core fast neutron de
tectors, It appears that suitable regenerat1ve techniques may prov1de 
appropr1ate performance characteristIcs to achieve fast neutron flux 
measurements under antI c1pated reactor operating condl t10ns such as 
severe temperatures, high fast flux densi t1es, and high gamma levels. 

The capture and f1ssion character1st1cs of possible cand1date 
isotopes are under investigation. Computer analys1s methods are beIng 
used to explore the pertinent cross sections of over 20 fert1le or 
fission isotopes. From th1S and possible additional data, the proper 
combinations of 1sotopes to develop a fast neutron regenerat1ve de
tector w1ll be established. 
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Beta Current Generator Detectors (Fast Neutron Flux) 

The (n,a; reactor of Be-9 (0.1 barn cross sectlon at 3 MeV) 
shows promlse as posslble detector materlal for measurement of 
fast flux under dlfflcult envlronmental conditlons. The resulting 
beta partlcle emisslon 13.5 ~leVl occurs with a relatlvely short 
half ilfe to 0,8 second. The beta emlSSlon generated a signal 
proportlonal to the neutron flux denslty. A slgnal current of 
approxlmately 1 x 10-6 A from one cm3 of Be-9 is expected when ex
posed to fast flux of 10 15 nv, The Be-9 ln a metal oxide state 
can be encapsulated in a sUltable sheath WhlCh lS opaque to alpha 
partlcies but allows the energetlc beta partlcles to pass through, 
ThlS loss of charge from the center results ln slgnal current. It 
lS antlclpated that balanced, tWln lead, tWln chamber concept as 
developed dur1ng thermal flux detector lnvest1gatlons w1ll prove 
useful ln avoldlng interferlng s~gnals lnduced by gamma reactlons 
wlth the cables. 

Evolved Gas Detectlon Concept (Fast Neutron Flux) 

In thlS unique concept for advanced reactor fast flux detectlon, 
an evolved gas released ln (n,::.) or (n,p) reactlons w1th B-IO or 
other mater1als would be collected through a slmple evacuation tube 
connected to the detector assembly. Gamma interference could be 
minlmlzed by locatlng all lnstrumentation external to the reactor 
core. Calculatlons lndlcate that about lOll atoms sec-1 of helium 
gas could ~volve from one gram of B-10 ln an incident fast neutron 
flux of lO 13 nv. Many methods could be used to measure the evolved 
gas lncludlng mass specf:r~graplllc or optical spectrographlc methods 
or even posslbly a mlcrowave resonant cavlty, 

Mlcrowave Detectors IFast Neutron FluXi 

By extendlng the mlcrowave technlques being developed for use 
ln thermal neutron detectlon, lt lS anticlpated that reactor fast 
flux may be measured. The cavlty would contain a material wlth an 
appreciable cross sectlon to fast flux such as U-238, or the proton 
recoll ln hydrogen could be used as a source of lonizing particles. 
The use of hydrogen would allow replenishment of the gas as neces
sary. Gamma-caused ionlzation wlil prove troub lesome and compensa
tlon techniques wlll be necessary, such as uSlng two caVl ties where 
one lS sensltlve only to gamma and measure the dlfference in Signal 
frequency between the two cavltles. 

Other techniques belng cons1dered include the use of a gas 
emltting materlal such as Be-9, whereln the gas is evolved lnto or 
collect.ed by a mlcrowave caVl ty. The resonant frequency 1S a 
funct10n of the number of gas molecules wlthln it, thus the fre
quency Shlft becomes a measure of the neutron flux denslty. It has 
been shown theoretlcally that measurements of fast neutron flux down 
to lOll nv could be achleved for a gas evolutlon rate of 10-2 atoms 
sec- 1 nv- l . 
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M1crowave and Infrared Detect10n of Coolant Impurities 
and Measurement of In-Reactor Temperature (W. G. Spear) 

M1crowave Detect10n of Impurit1es in Coolant Gases 

An atmosphere, cnrros1ve to reactor components, 1S created when 
a reactor coolant gas is contaminated with water vapor. To detect 
excess amounts of water vapor in gas coolants, several m1crowave 
detection schemes are being investigated. The propagation proper
t1es of electromagnetic waves in microwave structures are affected 
by the d1electric constant of the propagation med1um. Because the 
dielectr1c constant of a gas m1xture 15 a function of the number of 
molecules of each gas present and the1r molecular polar1zab1lities, 
the add1tion of water vapor to an otherwise pure gas changes 1ts d1-
electric constant. 

By detect1ng a change 1n the resonant frequency of a cavity 
through Wh1Ch the gas m1xture flows, an effective impurity sensor 1S 
devised. During flrst experiments, a detect10n sens1tivity of 125 
ppm of water vapor 1n helium at 300 °c and of 950 ppm at 436 °c was 
achieved. Time response of the detector is short, being Ilm1ted by 
the time constant of -::he electronic measuring equipment. Greater 
sens1tivity can be ach1eved by using a phase locked m1crowave os
c1llator and heterodyne techniques. Also being cons1dered are 
methods of selectlvely separat1ng the gas mixture, thereby increas-
1ng the probab1l1ty of detecting a water vapor content less than 
the threshold detect10n level for a uniformly d1stributed gas mixture. 

High Temperature Measurements 

Because of its relation to reactor power level, it 1S requ1red 
that temperature of in-core components be measured accurately and 
prec1sely. Economically, 1t 1S benef1cial 1f temperature sensors 
and assoc1ated components are long Ilved. Several methods appro
prlate t.O the measurement of reactor temperatures using m1crowave 
techn1ques are be1ng 1nvestigated. 

One method, which depends upon the shift-of-frequency of a 
microwave cavity as temperature changes, yielded a nearly linear 
temperature-frequency response of 300 kHz/oC during in1tial ex
per1mental tests to 1000 °c. However, higher temperature capa
b1lity 1S des1red for mon1toring component temperatures with1n new 
gas cooled reactors. Fabr1cation of several waveguide-cav1ty 
assembl1es of a hlgh melting point (1450 °C) chromlum-nickel steel 
should allow add1t1onal experiments to be performed to about 1400 °C. 

Another mlcrowave method of measuring temperature employs a 
rad10meter WhlCh measures the electromagnet1c energy emitted from 
any heated body. During preliminary tests uS1ng a load w1th an 
average em1ssivity of about 0.8 in the frequency band of 1nterest, 
a nearly Ilnear output slgnal-temperature response was obtalned for 
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temperatures to 700 °c. Sens1t1v1ty of the apparatus was 
0.815 mV/oC. US1ng a prepared load WhICh more nearly approxi
mated a black body, temperature to 950 °c was measured with an 
increased sensitivIty of 0.175 mV/oC. 

Because of the 11near relat10n between radiometer output 
signal and temperature, It 1S assumed that em1ssivity of the 
sensor black body remained nearly constant. Additional experi
mental work will concern the direct measurement of temperatures 
of materlals 1mmersed w1th1n the furnace. 'These tests vnll employ 
a microwave receiving antenna Wh1Ch intercepts the emitted rad1ation 
from the mon1tored object. 

Infrared Techn1ques 

In preparat10n for making cal1brat1on tests of the second 
experimental hygrometer, an exceSS1ve 60 cps noise was noted, but 
changes reduced th1S to an acceptable level. Changes prev10usly 
made 1n the servo-drlver wedge-filter des1gn necess1tated corres
pond1ng changes 1n the filter posltion 1nd1cator. A new electronic 
c1rcuit and several mechan1cal modlf1cations served to solve the 
problems. 

The hygrometer has a phase-changlng c1rcuit which sW1tches the 
f1eld windings of the servo motor to proper polar1ty regardless of 
the lock-1n phase of the synchronous motor driving the filter wheel. 
An added latching relay served to prov1de fully automat1c operat1on. 

Further cons1derat1on of methods of incorporat1on of a C02 
absorption path into the system resulted 1n the simple solution of 
f1lling the sealed chamber contalnlng the motors, lamp, and filters 
wIth dry C02' This procedure el1mlnated need for an external cell 
to preclude sensltiv1ty to CO 2 1n the gas be1ng monltored. 

PLUTONIUM UTILIZATION PROGRA}1 (F. G. Dawson) 

Fuels Development 

PRTR Testing 

Recent fuel rod examinations associated w1th the PRTR power 
calibratIon have revealed fuel melt1ng at an 1ndicated maximum rod 
power generat1.on of 20.0 kW/ft. One of the two rods melted to 
approx1mately 10% of the radius; the other rod melted to approx1-
mately 33% of the rad1us. Both rods were presumably irrad1ated 
under the same cond1t1ons. The reason for the difference 1n the indi
cated melt radlus 1S not understood. Based upon an extrapolated 
actual power to produce melting of 20.5 k~v/ft, fuel temperatures at 
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20.0 kWjft should have been slightly below melting. The most 
recent postlrrad1at1on examination results and an analys1s of the 
observat1ons based upon these results are summarized as follows: 

Est. 
Ind1c. Act. Approx. Col. Indic. Max. Fuel Calc. Max. 

Max. Max. Time Grain Temp. * When Col. Fuel Temp. 
Rod Rod at Max. Growth Grain Growth 1S Assum1ng 

Rod Power Power Power Radius Assumed to Occur @ 20.5 kW/ft 
No. IkW/ft) (kW/ft) (hours) ( %r) 1800 °c 2000 °c Melt (oC 

FS-03 16.8 17.8 48 50 ·2140 2360 2590 
FS-19 17.0 18,0 >86 60 2330 2560 2600 
FR-3l 17.9 19.0 80 60 2330 2560 2700 
FR-45 18.6 19.7 40 64 2460 2640 2750 
FR-47 20.0 21.2 68 70 2600 'Mel t1ng 2875 
FR-29 20.0 21.2 ,68 76 .>Mel ting ,Melt1ng 2875 

*Der1ved from calculated fuel temperature profiles Wh1Ch indicate 
the onset of fuel melting at 20.5 kW/ft. 

From these observations it appears that the indicated power to produce 
fuel melt1ng is between 19.4 and 20.0 kW/ft and probably closer to 
19.4 than 20.0 kW/ft. The accuracy of reactor instrumentation 1S 
be1ng evaluated to experimentally establish the actual power (est1-
mated to be approximately 20.5 kW/ft) to produce the onset of fuel 
melt1ng. 

Destruct1ve examinat10n of the end regions of the two rods that 
underwent fuel melting revealed that the depleted U02 pellets effec
t1vely prevent excessive fuel temperatures in the end-cap reg1ons. 
There is no eV1dence of pellet-fuel 1nteraction and only minor pellet 
cracking has occurred. Excessive fuel temperature in the end cap 
regions was an operat1ng lim1tation in the past. Efforts are being 
1n1tiated to better define the conditions within the core so that 
less operating conservatism is required and actual fuel operating 
cond1t1ons are known. 

Long-term fretting and wear tests are cont1nu1ng w1th a proto
type 8-rod FERTF test element under PRTR coolant cond1tions in the 
out-of-reactor EDEL test loop. The element has been exposed 63 days 
without eV1dence of wear between components or between the element 
and the pressure tube. The behav10r of a loose circumferential str1p 
band around the rod bundle has been satisfactory. 

A summary of a paper, ti tIed "Plutonium Fuel Irradiat10ns 1n 
PRTR - Present Status," by M. D. Freshley, T. B. Burley, and S. Gold
smith was submitted for poss1ble presentat10n at the forthcoming 
Winter Meet1ng of the Amer1can Nuclear Society. 

to 
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PRTR Pellet Rod Procurement 

One commercially fabr1cated PRTR fuel rod contain1ng cold 
pressed and sintered m1xed oX1de pellets was received from the 
vendor. Nondestructive examinatlon of the rod was started. 

Two add1t1onal rods of ident1cal design are expected to be 
delivered in early August 1967. Extra pellets w1ll be delivered 
with the remain1ng two rods so that the fuel mater1al can be fully 
characterlzed. 

All three rods will be used to compare commercially designed 
and fabricated pellet rods with BNW-deslgned and fabricated powder 
rods. Hot pressed pellets as well as cold pressed and slntered 
pellets will be used In the comparlson< 

Instrumented Fuel Rods 

Four fuel rods 1nstrumented to measure fuel rod gas pressure 
and temperature cont1nue to operate satlsfactorily 1n PRTR. 

Two of the fuel rods have operated at maximum linear power 
ratings of approx1mately 20 kW/ft and two have operated at maximum 
Ilnear power ratlngs of approx1mately 10 kW/ft. Calculated ex
posures achleved by the rods are 1280 MWd/tonne and 594 MWd/tonne, 
respectively. The gas-pressure bU1ldup 1n the h1gh power fuel rods 
lS approxlmately three tlmes that in the low power fuel rods (56 psi 
versus 17 PS1, respectlvely). In both sets of fuel rods, gas re
lease lfuel rod gas pressures' increases in a stepwise manner during 
reactor startups, then levels off or decreases slightly during 
steady state operatlon. 

ETR Testlng 

An 1ntentlonally defected PRTR prototype 7-rod cluster element 
contain1ng vlbratlonally compacted enrlched U02 fuel was success
fully 1rrad1ated in the ETR P-7 pressurlzed water loop at a maximum 
Ilnear rod power generation of 28 to 29 kW/ft. ThlS power genera
tion resulted 1n an est1mated 60 to 65% of the radius molten at the 
plane of the defect. The defect consisted of a 1/16-inch-d1ameter 
hole drilled through the Zircaloy cladd1ng. After irradiation under 
these cond1t1ons for nine effectlve full-power days, the element was 
discharged from the reactor for postlrradiat1on examlnat1on. 

Durlng 1tS res1dence time in the reactor the defected element was 
subjected to three programmed power 1ncreases, two of which were from 
zero power. The element was also subjected to one scram recovery 
WhlCh 1ncluded a very rapid power lncrease (3 min) from 1 to 50% of 
full power. Although the activlty release to the loop piping was 
qUlte h1gh durlng the scram recovery, modest amounts of activity 
were released dUYlng the programmed power lncreases. Increases 1n 



77 BNWL-S22 

reactor power and coolant temperature caused activity bursts WhlCh 
decreased to low equllibrlum values during steady state operation. 

A cursory examinatlon of the defected rod in the ETR basln 
dld not reveal any physical changes as a result of irradiation. A 
detailed postlrradlatlon examinatlon will be conducted to compare 
the performance of the defected rod wlth the performance of adJa
cent nondefected rods. The defected rod will also be examlned for 
eVldence of dimensional changes, waterlogglng, fuel washout, fuel 
relocation, fission product and/or plutonium mlgratlon, and 
stoichiometry changes. 

TREAT Translent Testlng 

DIScussions wlth fu~L have indlcated that more than five months 
wlll be requlred for design, construction, and testing of an instru
mented plston autoclave for use In transient testing of fuel rod 
clusters in TREAT. To avoid a delay In the program, a simple, low 
cost autoclave design capable of accommodating both single and multiple 
fuel rods and which incorporates suggestions made by TREAT Facility 
personnel, IS presently being prepared. It is anticipated that 
single rod transient experiments, utilizing the simple autoclave, 
wIll be conducted by September 1967. 

AddItional discussions with TREAT Facility personnel indlcate 
that trans lent testing of multlrod clusters In a recirculating 
coolant are feasible. Various deslgns of an autoclave wlth recircu
latlng coolant capabllities are belng investigated. 

Two hlgh-speed motion pictures of vibratlonally compacted U02 
(5.0l at,% U-235) fuel rods undergolng transient irradiatlons In the 
TREAT Faclilty were obtained. One rod was subjected to a total 
transient energy input of 335 cal/g U0 2 , and the other rod to a 
translent energy Input of 418 cal/g U02' The cladding near the center 
of both fuel rods appeared to fall first, followed by fragmentatIon 
of the rods Into small particles and fInes. Nelther rod displayed 
the well defIned high temperature bands that occurred with a vibra
tionally compacted U02 19.54 at. % U-235) fuel rod previously sub
Jected to an energy input of 357 calif U02' 

ExamInatlon of x-ray films of one vibrationally compacted U02 
(9.54 at.% U-235) fuel rod that was subjected to threshold fallure 
of 241 calIf U02 suggests that initlal clad penetratlon is aided by 
the release of entralned gases In the fuel at elevated temperatures. 
The x-ray film shows a number of propagating separatlons in the fuel 
column near the center of the fuel column. Offgas analyses of fuel 
obtained from hIstory samples indicates that, the entrained g~~ re
lease as a function of temperature is approxlmately 1.3 x 10 cc/g 
fuel/oC in the range of 900 to 1650 °c. 
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Project CAB-002 

Installatlon of the vacuum welding chamber has been completed 
except for control wlrlng. Physical completion of the project 
should be ln early August. 

Underwater Profllometer 

All equipment for the underwater fuel element handling 
facllity has been received. The project will be closed out ln 
August. 

High Exposure Plutonium Studles 

A 63-gram sample of pu02 was prepared from Dresden-product plu
tonium nltrate obtained from Nuclear Fuel Services. The PU02 had a 
surface dose rate of 2.73 rad/hr as read through 0.033 inch of poly
ethylene. ThlS dose rate is slightly lower than Shippingport oXlde 
rates as expected, ln view of the somewhat lower Pu-241 contents 
(-- 7 .6% versus - 6.9% Pu-241 for Dresden) . 

Gamma and x-ray attenuatlon was measured through various 
materlals from recycled plutonlum contalning about 10% Pu-240. 
One-half lnch of luclte lowered the gamma dose by a factor of 
three, and 30-mil lead-loaded gloves reduced the gamma dose by 
a factor of five. The thicknesses required to reduce the gamma 
dose by factors of two and ten are given below (with an extrapolated 
correctlon for the three layers of slngle plastic sheet coverlng the 
PU02 powder source) . 

Thlckness Required to 
Reduce Dose by Factor 

Materlal of 2 

Lead 
Stalnless Steel 
Lead-Loadlng Gloves 

Material 
Neoprene Glove '10 mils 

Material 
Luci te 
Vinyl Plastlc 

200 mils 
500 mi Is 

Thickness Requlred to 
Reduce Dose by Factor 

of 10 

12 mlls 
55 mils 
50 mlls 

Neutron attenuatlon was also studied. USlng a plutonlum 
fluorlde neutron source the thickness required for a twofold flux 
attenuation was: 3 inches (a comblnation of 2~ inches) Lucite and 
~ inch Boron-polyethylene; 2~ lnches for Boron-polyethylene and 
2~ inches for Paraffin. six and one-half lnches of paraffin are 
requlred for a tenfold flux attenuation. The attenuation propertles 
of paraffln and low density polyethylene should be similar for 
neutrons. 
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The neutron dose rate attenuation will be signlficantly dif
ferent from the neutron flux attenuation. How much different lS 
not known Slnce the neutron energy spectrum lS unknown after the 
neutrons pass through the attenuating materials. The dose rate lS, 
however, very energy dependent. The dose per unit fluence changes 
by a factor of about 17 between 1 keV and 10 keV, and the dose per 
unlt fluence changes by a factor of about 25 between 10 keV and 
1 MeV. 

ISOtOP1C analyses have been completed on the Yankee fuel 
samples, One Dresden composite fuel sample from Nuclear Fuel 
Servlces plutonlum product is being analyzed. 

Reactor Physics 

!22..0 Moderated Systems 

Batch Core Experiment ln the PRTR. The performance and analysls 
of batch core power tests ln the plutonlum Recycle Test Reactor (PRTR) 
have contlnued. Power Test No.6, Transient Flssion Product Poisonlng, 
has been completed, and the results are being analyzed. The boron 
concentratlons ln samples of PRTR moderator WhlCh were collected 
durlng the test have been determined using the Thermal Test Reactor 
(TTR). The first two samples, which were expected to be identlcal, 
showed a dlfference of 0.16 wppm B-lO. The concentratlons of the 
remainlng samples were about as expected. The measured reactlvity 
tranSlent was not as large as had been calculated using the XRST 
code. A study of the possible causes of the discrepancy lS ln progress. 

A summary , entltled "Power Tests with the U02 - 2 wt% pu02 
Batch Coore in the PRTR," by J. Vv. Kutcher, R. E. Harris, and 
R. I. Smlth, has been submitted to the American Nuclear Society for 
presentatlon of a paper at the 1967 \'1inter Meeting. 

Technlcal Assistance to PTU. Reactor physics asslstance has 
been furnlshed to the Processing Technology Unlt of the PRTR Section, 
in the establishment of operational limits for the batch core in the 
PRTR WhlCh wlll assure that no fuel melting occurs. These efforts 
lnclude modlflcation to PRTR Test 136 (Determlnation of Allowable 
Fuel Element Rod Power) , reevaluation of measured and calculated 
axial flux peaking factors, and the determination of the need for 
and the planning of additional tests as necessary. 

Effect of Cs-137 Half-Life and Fission Yield Uncertalntles on 
Cross SectLon Ratlos Derived from Burnup Data. The contribution of 
the ceslum-l37 half-life and fisslon Yleld uncertainties to the un
certalntles of the cross sectlon ratios obtained from a least squares 
fit of PRTR plutonlum-aluminum burnup data has been determined., 
This contrlbution must be calculated independently from the LIKELY 
least squares uncertainty calculation. Just like any other least 
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squares fittlng analYS1S, LIKELY assumes that the data points are 
lndependent measurements. Thus, the uncertalnties of the Cs-137 
half-llfe Tl/2 and flssion Yleld Y which systematically affect all 
data points must be excluded from the LIKELY analysis. Cs-137 
enters the analysis because lt was used in establishing the pre
irradiatlon plutonlum content of the samples. The half-life and 
fisslon yield occur ln the combination Tl/2/Y. Since the experi
mental data (the plutonium isotopic concentrations) are systemati
cally affected by the value of Tl/2/Y, the cross section ratios X 
derived from thlS data are also a function of Tl/2/Y' Thus 

2 GdX )2 (ox ~ 2 2 
Ox - dTl / 2 

sT
l

/
2 

i- W c Y . T c L 

-~:!2 oX J 2 0x 
°0 
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where c L is the one standard deviatlon uncertainty ln X as determined 
by the LIKELY flt to the data. The quantity 

clX 6X X2 -Xl = = N L,Y Y
2

-Y
l 

was determined by making LIKELY least squares fits to two sets of 
data. Set #1 was computed using Yl = 0.0648 and set #2 used Y2 = 
0.0672. 

Using Tl/2 ~ 29.68 ± 0.30 yr and Y 
Equatlon 1 are shown in the table. 

= 0.0648 :t 0.0019, the results of 

The 

Effect of Cs-137 Half-Life and Fission Yield 
Uncertainties upon the Cross Section Ratlo Uncertainties 

x fj XI fj Y c L Ox 
-' 9 

0. 0.4391 7.50 0.0032 0.0154 
-+ G 

a a o .5789 6.00 0.0058 0.0134 --e-
- .J 

C a 
0 

"I .... \ 

a 0.3513 4.21 0.0127 0.0153 
A 4 C ' - '1 

cross section ratio 0 / 0 , which varles with exposure, is a a .- I :; , , 
evaluated at zero burnup. 0. and 0. - , are the Pu-239 and 
Pu-24l capture to fission ratios. The table makes it clear that the 

• I 
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uncertalntles ln Tl/2 an~ Y contribute heavlly to the u~certalnties 
ln the cross sectloD ratlos. Thus, lmproved cross sectlon ratio 
values awal t better values of Tl/2 and Y. 

Thorlum Loading in the PRTR. A burnup calculation was per
formed uSlng the ZODIAC code for a PRTR loading of 19 U02 - 2 wt% 
Pu02 ceramic fuel elements surrounded by 66 Th - 3.7 wt% U-235 
metallic fuel elements. The ceramic elements were assumed to have 
an average exposure of 13,000 MWd/tonne, and the metalllc elements 
were unlrradiated. The lifetime of this core was calculated to be 
300 days at a 70 MW power level. 

A summary of the physics calculations and results for a thorl urn 
loading in the PRTR has been written and will be included as an 
appendlx of a document coverlng all aspects of a thorlum loadlng ln 
the PRTR. 

H20 Moderated Systems 

Reactor Appllcation Studies. The deslgn of the core hardware 
to be used in a joint USAEC-CNEN cooperative program to study the 
problems of introducing plutonium in H20 reactors is essentlally 
complete. Fabrlcation of the core components is now ln progress. 
A total of 600 2.3% enriched U02 fuel elements are being modified 
for use ln thlS core. The elements wlll be reduced from an actlve 
length of 60 inches to 36 inches. Control rods wi th fuel followers 
are belng adapted to this core deslgn. The rods are deslgned to 
accept elther the U02 or the mixed oxide fuel as followers. Comple
tion of core hardware and fuel modiflcation is expected in late August. 

U02 - 4 wt% Pu02 Fuel Rods. Fabricatlon of the U02 - 4 wt% Pu02 
fuel rods was completed on schedule by the end of June. Preparations 
are near ly finlshed to start approach to crl tical experlments in the 
Critlcal Approach FacilLty (CAF). Initial measurements will be in 
the 0.8 inch hexagonal lattice. ThlS work has been delayed by a lack 
of craft labor to complete the CAF modification and improvement 
program. 

Gamma Scanning of EBWR Fuel Pins. The scanning of 17 EBWR fuel 
plns wlth the PNL gamma scanner to determine the relative dlstribu
tion of flsSlon products has continued during the past month. The 
work has been hampered by changes in ambient temperature which caused 
dlfflcultles with the analyzer electronics. These problems have now 
been corrected. 

SlX different fuel compositions are available for scannlng, and 
they are (1) Natural U02, (2) PuAl 8% Pu-240, (3) PuAl 26% Pu-240, 
(4) Pu02-U02 26% Pu-240, (5) pu02-U02 20% Pu-240, and (6) Pu02-U02 
8% Pu-240. The PuAls were lnitially 3.35 wt% Pu ln alumlnum and the 
Pu02-U02's were 1.50 wt% Pu02 in depleted U02. Fuel compositlon (6) 
lS the normal plutonium enrlched fuel for the EBWR burnup experiment 
and surrounded the other flve speclal compositions in the core. 
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The results to date have shown that the power 1S peaked at 
11 inches above the bottom of the fuel, and there 1S little burnup 
1n the top 10 1nches of the fuel. 

Decay Scheme Analys1s. A Nuclear Data Model 2200 mult1channel 
analyzer and 20 cm3 Ge(Li) coaxial detector and a TMC 4096 multi
parameter analyzer and 15 cm3 Ge(Lil coaxial detector were used to 
study the decay schemes of Lu-176m and Zr-97 - Nb-97 - Mo-97c 

A h1gh-energy gamma-ray analysis of Lu-176m has confirmed the 
eX1stence of two low-1ntens1ty gamma rays near 1060 and 1160 KeV 
reported earlier. In addltion, three previously unreported weaker 
1ntens1ty gamma rays were found In the same energy reg.l.on. All f1ve 
gamma-ray photopeaks were found to decay W1 th a half-l1fe near that 
of Lu-176m.. An intens1 ty and energy analys1s is currently under way. 

A gamma-ray analys1s of the Zr-97 - Nb-97 - Mo-97 m1xt.ure has 
conf1rmed the prev10usly reported close-lying double-photopeaks 1n 
the 1024 and 1280 keV energy reg1ons. A second analys1s was con
ducted on chem1cally separated Zlrcon1um and niobium. The separa
t10n scheme, mod1f1ed from a procedure by Jurriaanse and Morre 
(Anal. Chem., 38, 964 :1964)), resulted 1n a 99.95% pure nioblum 
source. As a result 1t was shown that in each of the above cases, 
one of the gamma rays belongs to Nb-97 and the other to e1ther Zr-97 
or Nb-97m. A further analysis of ava1lable data may result 1n the 
de f1ni te ass1gnment of these gamma rays to the decay scheme. In 
addlt1on, f1ve prev10usly unreported low-lntensity hlgh-energy gamma 
rays were found that seem to support some of the energy levels 
tentatlvely assigned to Mo-97 earller. 

Calculat10n of F1SS1on Product Product1on in Irradiated Fuel. 
A set of d1fferent1al equat10ns has been der1ved WhlCh describe the 
product1on of selected groups of f1ssion products 1n fuels enriched 
w1th uran1um and/or pluton1um wh1le under irrad1at1on 1n a thermal 
reactor. The equations have been solved for the atom densities of 
the selected flssion products as functlons of irradiat10n conditions 
and cool1ng t1mes. Attempts w1ll be made to correlate the results 
from these calculations w1th the results from h1gh resolutlon gamma 
spectroscopy of lrradiated fuels, 

Temperature Coefflcients of pu02-U02-H20 Lattices, A summary 
of a paper, entitled "Temperature Coeffic1ents of Pu02-U02-H20 
Lattices," has been subm1 tt,ed to the ANS for presentatlon of the 
paper at the Winter Meetlng of the ANS. The paper w1ll glve ana
lyt1cal correlatlons for temperature coeff1cients measured 1n a 
number of Pu02-U02-H20 latt1ces. 

Irradiated Fuel Sh1pment, The second sh1pment of 1rradiated 
fuel was made from ANL to PNL. These fuel pins (17 total) were re
moved from the plutonium zone of the EBWR around the first of May. 
The average exposure of these pins 1S about 2300 l1Wd/tonne" The 
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transfer of thls fuel from the Yankee cask to the PRTR cask was 
made in the lOO-D Area basin. The fuel is presently in the PRTR 
basin where gamma scans of each pin will be performed. 

The EBWR power operation was terminated on June 29. Post
irradiation experlments to determine boric acid worths, control 
rod worths, and keff for the plutonium zone are being conducted. 
The flnal shipment of lrradiated fuel from ANL to PNL will be made 
sometime In August or September. 

Commercial Fabrication of PRCF Fuel Rods 

Crltical experlments in the PRCF require a large quantity of 
14 wt%1 Pu02-U02 test fuel rods. Commercial procurement lS nearing 
completlon under the two-step procurement procedure to obtain the 
fuel rods. 

Seven possible commerclal fabricators were informed of the pro
posed work. Flve of the posslble seven fabricators responded wlth 
technical proposals under the step-one procedure. Areas of tech
nical varlance In these proposals are being resolved wlth these 
companles. Request for priclng of fuel rods lS planned wlth notlfl
catlon to fabrlcators under step-two planned for release about 
August 4. About 200 test rods are being requested for delivery on 
November 1, 1967; other optlons are included about possible dellvery 
dates for addltlonal fuel rods. 

During discusslon of variance in technical proposals with 
commercial fabricators several ltems were modifled or additlonally 
defined on the origlnal PNL proposed speciflcation to help meet 
present lndustrlal capabilities. For example, the origlnal fuel 
deslgn provided for elther packed-partlcle or pelleted fuel. Since 
all companles responded with the pelleted-fuel option, a new fuel rod 
deslgn drawlng was completed Wl th slmplifled detalls to provlde for 
pelleted fuel, Smear-density tolerances were also lncreased to 
(86.0 ± 2)% from \86.0 ± 1)%. 

The core is now defined as 4.00 wt% Pu02 (4.04 ~ffiX - 3.96 MIN) 
in U02 (natural isotOPlC) as Pu02-U02 pellets to give a fuel rod 
smear density of (86.0 t 2)% theoretical density per lineal lnch of 
fuel. Denslty variations of pellets are to be ± 2% maximum. The 
test of plutonlum homogeneity was also defined as a combinatlon of 
qualitatlve alpha autoradiography and quantitative wet-chemical 
analysis of pellets randomly selected as defined by an approved 
sampling plan, Additional changes involved use of a U02 pellet 
spacer between fuel and bottom end cap, welding condltions, and 
additlonal use of ASTM speclflcations for Zlrcaloy-2 tubes and end 
caps. 
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Pu02 Partlcle Size Studles 

Two types of halt-Inch dlameter Pu02-U02 rods were investi
gated at various square lattlce pitches as possible candidates 
for the lnltial PCTR water lattlce experiments; low exposure (LX) 
of 0.90 wt% Pu02 content wlth 7.24 at.% Pu-240 plutonlum and 
0.234 at.% U-235 uranlum, and hlgh exposure (HX) of 2.69 wt% Pu02 
content with 29.34 at.% Pu-240 plutonium and 0.182 at.% U-235 
uranium. Six lattlce spaclngs from 0.65 to 1.15 inches (moderator 
to fuel volume ratlOs of 0.87 to 5.46\ were studied. Infinlte 
lattlce, cell averaged, thermal group constants were obtalned from 
modlfled THERMOS using an I.sotropic outer boundary condl tion and 
the standard approxlmate correctlon for anlsotroplc scattering in 
water. Fast group constants were obtained from HRG USIng resonance 
parameter input from the Pfu~COF code. (1) The Dancoff-Ginsburg 
method without a clad correctlon optIon was used In thlS code with 
the shadowlng by the nearest ten rlngs of nelghborlng rods taken 
into account. A short summary of the primary results of these In
flnite lattlce mlxed oXlde calculatlons are contained ln Table V. 

Prellminary 4-group, 1 dImenslonal dlftusion theory calcula-
tions uSlng HFN were made to predict both the crItlcal number of 
drlver columns for the PCTR wlth all control rods open and the degree 
of spectral equlllbrium within the test lattlce when the 1.00 lnch 
square pltch low exposure mixed oXlde IS loaded ln the water tank 
assembly. The critlcal number of drlvers was calculated to be 21.7 
wlth both the lnner and outer tank loaded ( 216 rods) and 32.7 with 
just the central tank loaded \. 104 rods 1. These predicted critIcal 
driver column numbers have been corrected to account for errors 
between the calculated and measured drlver column and open control 
rod worths ln thIS "flrst shot" PCTR model. ThlS model is presently 
being refined to lncrease the accuracy of these calculated worths 
for future test lattice calculatlons. The degree of spectral 
equillbrlum ln the test lattice lS determIned by the behaVIor of the 
fast-to-thermal flux ratlo, WhlCh should remain reasonably constant 
over the central few lattlce unIts and should compare wlth that 
calculated fo~ the InfInlte lattlce. In the case where the central 
tank only was loaded, the fast-to-thermal flux ratio was calculated 
to be 1.6184 at the center of the tank. ThIS compares quite favor
ably wlth the value of 1,5895 determlned for the inflnite lattice. 
This ratIO lS also quite constant, decreaslng only 1% at a radius of 
~4.9 cm from the center of the tank, WhICh lncludes about 12 rods plus 
their associated moderator (the radius of the central tank is 14.7 cm). 
The fast-to-thermal flux ratlo was constant over a larger area and 
slightly higher, 1.6245, wlth both tanks loaded. 

(1) G. L. Slmmons and W. L. Purcell, "Comparison of Methods for 
ObtainIng Dancoff Correctlon," BNWL-CC-I099 , Harch 1967. 



Calculated Infinite Lattice Parameters 

Low Exposure Mixed Oxide (0.90 wt% Pu02) High Exposure Mixed Oxide (2.69 wt% Pu02) 

Lattice nf f ¢fast/tPth k nf f tPfast/tPth k 
(in) 

00 00 

Spacing 

0.65 1. 5126 0.9356 6.8135 1. 0886 1. 5847 0.9658 14.1197 1. 0740 

0.80 1. 3839 0.8554 2.8910 1.1716 1. 5200 0.9159 5.2846 1. 2201 

0.95 1. 2458 0.7700 1. 7912 1.1255 1. 4261 0.8556 2.9876 1. 2379 

1. 00 1.1999 0.7416 1. 5895 1. 0988 1. 3904 0.8341 2.5828 1. 2287' 

1. 05 1.1456 0.7136 1. 4303 1.0692 1.3558 0.8120 2.2680 1. 2145 

1.15 1. 0667 0.6593 1.1968 1. 0049 1. 2828 0.7676 1. 8152 1.1752 
co 
U1 

From these results and other considerations, the 1.00 inch pitch LX lattice was chosen for further study. 

The fast group parameters for this lattice only were recalculated using the Sauer rather than the Dancoff-

Ginsburg method of obtaining the Dancoff factor. However, the effect of this change was almost 

negligible. k was recalculated to be 1.0993, an increase of only 0.5 mk and the infinite lattice fast-to-
00 

thermal flux ratio became 1.5889 as compared to the previously calculated value of 1.5895. 
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Code Deve lopment* 

ScatterIng Kernel for Water. Codes for generating scattering 
kernels for water from a spectral function composed of a sum of 
gaussians currently appear to operate properly. Since such a tech
nique requires numerlcally performlng a double integration, two 
separate approaches dependIng on which integration is performed 
first were investigated. Both approaches are feasible and produce 
results that agree wi thln the expected numerical accuracy of the 
codes. Experlmental data are belng collected to fi t the paramet.ers 
required ln the spectral functlon. When thlS is complete, scatter
ing kernels wIll be generated for reactor analysls use. 

BNW Master Cross Sectlon Llbrary. All of the isotopes that 
have been modi fled or added to the BNW Master Library Slnce it was 
published in 1965 IBNWL-CC-325) have been prlnted on duplimat paper 
and will be published shortly as a supplement. 

ENDF /B Neutron Cross Sectlon LIbrary. Several import.ant iso
topes used in reactor phyS1CS calculatlons were listed as containing 
serious but easily correctable errors. These errors have been cor
rected, and the production of cross sectlon llbrarles for THERMOS, 
HAMMER, and MC2 has been attempted. Several of the procesSlng codes 
contaIn errors that prevent the use of the ENDF/B Library until the 
processing codes can be successfully debugged. 

Programs GAND, GAF, and GAR. The General Atomics computer codes 
GAND, GAF, and GAR have been recelved and are being converted for use 
at BNW. 

GAND produces GAF and GAR cross section llbraries from the 
ENDF/B Neutron Cross SectIon Llbrary. GAF is the latest version of 
GAM-III and is used to calculate neutron spectra and averaged cross 
sectlons In the hlgh energy region. GAR IS used in the evaluatlon 
of leakage-dependent resonance absorption. 

Program EDIT. EDIT, a program WhlCh reads the ENDF/B neutron 
cross sectlon llbrary tape, was updated to treat one of the optlons 
ln the fifth flle. This flle contains the energy distribution for 
eXl ting partlcles T The output formats were changed to increase the 
number of Slgnlflcant fIgures that could be punched. This was neces
sary so that the punched card output wlll duplicate the library data 
In all cases. 

Program ETOM-I. ETOM-I,a program that calculates HUFT4 or MUFT 
llbrarles from the ENDF/B llbrary, was updated from a list of 
corrections received from the Brookhaven evaluation center. A run 
requestIng the Isotopes nloblum and tantalum was made. It was found 

*Partlally supported by Douglas united Nuclear and General Electrlc 
N-Reactor Department. 
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that the program cannot properly handle a resonance with~nergy 
less than 6,2481 -Olev. Since bound state resonances (E <.0) are 
less than th1S llm1 t, Tantalum-181 cannot be processed. c Addi tional 
diff1cult1es were encountered that prevented N1ob1um-93 from being 
processed. It appears that any isotopes having resonance parameters 
cannot be processed by ETOM until addit10nal debugging has been 
completed. 

Program DAFFY. A computer program entitled DAFFY is being 
wr1tten that allows increased precision in the determ1nation of 
gamma-ray energies, their associated errors and intensit1es from 
pulse he1ght analysis data. It is unique in that it considers the 
errors for the gamma-ray photopeaks of the unknowns and the cali
brat10n sources, the cal1bration energy errors, and the analyzer 
Ilneari ty are cons ldered. Program LIKELY, capab Ie of handl1ng 
least squares analyses when errors are assoc1ated with both the X 
and Y parameters, forms the basis for the program and is used to 
determ1ne the cal1brat1on equation 0 Sub-rout1nes are added that 
determ1ne the average channel for each gauss1an-shaped photopeak, 
the average background or compton level under each photopeak, and 
the net intens1ty under the photopeak. Other than control cards, 
the 1nput data 1S used directly as 1t 1S compiled on a multi-channel 
analyzer. The output of the program includes usual gamma-ray 
analysis lnformation as well as gross and net plots of the photo
peaks and the1r respective backgroundso The program is flexible 1n 
that plott1ng and intensity calculations may be accompl1shed without 
the energy determination or V1sa-versa. 

Space-T 1me K1net1cs. Efforts are under way to have avai lable 
technlques at BNW representat1ve of the present state of the art 
In the area of space-time neutron klnet1cs. A f1rst goal is to have 
the WIGLE and WIGL2 k1netic codes available on slte. A second goal 
lS to develop competence in the more standard analyt1cal methods 
used 1n k1net1cs studies; i.e., the point kinetic, adiabatic, modal, 
and nodal methods. The WIGLE codes have been ordered, and it 1S 
anticipated that there w1II be no great d1ff1culties in converting 
the codes over to the Univac 1108 mach1ne. Work is also underway 
to develop the codes and techn1ques necessary to accompl1sh the 
second goal mentioned above. 

REU Monte Carlo Code. A rough draft of the document entitled 
"Results of Cell Calculat10ns uS1ng the REU Monte Carlo Code," has 
been wrltten. Also, the writing of a rough draft of a document 
ent1tled "Fortran Serv1ce Codes for the RBU Monte Carlo Code" is 
approximately one-third complete. 

A Ilterature search is being conducted to determine the ava1lable 
Monte Carlo reactor physics codes. The purpose is to determine the 
directlon to be taken in the development, what further work needs 
to be done to develop Monte Carlo techn1ques at PNL and also what 
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new technlques or developments to 1ncorporate 1n the REU code. 

Program DRAFTs A computer program, DRAFT, is be1ng developed 
which 1S des1gned to help analyze f1SS1on product data from uranium 
and/or plutonium fuel elements with the expectation of determining 
absolute burn-up rates w1th nondestruct1ve techniques. 

The program considers the rate of production by u235 , u238 , 
and pu239 , In addit1on, the rate of decay and deplet1on, where 
appl1cable, are taken 1nto account, 

Any two isotopes are studied slmultaneously. plots of their 
concentrat1ons, as a funct10n of Y1eld and flux, are obtained upon 
opt1on, 

Equations for the 1sotopes 1n question have been der1ved and 
programmed for use on the UNIVAC-II08. 

Cycle Analys1s 

ALTHAEA L1brar1es 

A new standard Ilbrary (14 isotopes) and a new americium-
curium llbrary (19 isotopes I 1S now ava1lable. These Ilbraries in
corporate the latest ava1lable updated 1sotope data on the BNW master 
library. (1) The updating here 1nvolves not only the additlon of 
new and more detailed cross section data but a more accurate way of 
describing th1S data. (2) Both libraries represent a normal tempera
ture range from zero to 600°C. The americium-cur1um library differs 
from the standard llbrary only by the add1t1onal americium and 
cur1um isotopes, Th1S makes the standard Ilbrary favorable for rapid 
reactor surveys, whereas the americ1um-curium library w1ll allow a 
study of the productlon of hlgher lsotopes. 

The U-233,,~-235, and Pu-239 data was taken from the work of 
Westcott et al" \ j The Pu-241 data 1S an old version recommended 
by PhilllPS Petroleum favoring a lower capture cross section which 
provldes a lower a-value. 

A very h1gh temperature Ilbrary is now available. This covers a 

(1) K. B. Stewart I "BNW Haster Library," USAEC Report c BNW-CC-325, 
September 1965. BNWL-CC-325 Rev. June 30, 1967, to be publlshed. 

(2) Monthly Report of Advanced Concepts and Analys1s Section of tllathe
mat1cs Department, Apr1l 1967. 

(3) c. H. Westcott, et al. "A Survey of Values of the 2200m/sec Con
stants for Four Fiss1le Nuclides," Atomic Energy Review IAEA, 
Vienna III 2(1965). 
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o 0 range from 1500 C to 3500 C. The same updated data was lncorpo-
rated in this llbrary as that used for the above mentioned libraries. 
The upper cut off of the epithermal group is at 3 eV, whereas the 
cut off for the standard and americium-curium libraries is taken at 
0.68256 eVe It was necessary to divide the temperature range into 
two groups (1500 o C to 3000 0 C to 3500 o C) because of a problem in 
obtainlng a proper fit of the s-values for Pu-240. ThlS means two 
separate librarles had to be made. 

Reactor Engineering Development 

Pu Optimization Studles 

The thermal hydraulics design code, REPP, has been updated 
by the lncluslon of several new options to make thls code more 
general in its applicatlons and to increase its utillty. These 
additions lnclude the following: 

1. Flow channel preheating section option--an input specifYlng 
an entrance length in the coolant channel free of fuel may 
be provided. 

2. Flow channel post heating section option--an lnput specifying 
anexit length in the coolant channel free of fuel may be 
provlded. 

3. MaXlmum fuel temperature option--an upper limitlng value 
may be placed on the hot channel fuel element centerline 
temperature. 

4. lteratlon control option--allows specification of a maximum 
number of iterations for each individual caseo 

5. Constant coolant flow rate option--the coolant flow rate 
supplled in the input data may be held constant for each case. 

6. VOld fraction iteration option--allows speCification of a 
given number of variations on a particular case In which 
the only varlable altered is the vOld fraction (In the con
text used here vOld fraction = 1 ffilnus fuel fractlon) . 
The abllity subsequently to vary that base case is not af
fected. 

The survey code, FULCYC, has been updated by the incluslon of 
the revised design code, REPP. 

Fueling Vehicle Cooling 

The FERTF 8-rod fuel element has unusual cooling problems durlng 
charge-discharge because of the protective sleeve surrounding the fuel 



90 BNWL-S22 

and the required low temperatures dur1ng the handl1ng of defected 
elements. This protect1ve sleeve tends to reduce a1r flow through the 
element during normal air cool1ng and sh1elds the element from the 
emergency water cooling system. Therefore, an analysis was performed 
to determine the adequacy of the normal air cool1ng systems. Th1S 
analysis was based on an 8-rod element with a maximum specific 
power of 0.23 kw/ft. The results of th1S analysis is as follows: 

1. A1r Coo ling 

It was found that the normal a1r cooling would be adequate 
for cooling a non-defect 8-rod FERTF element in the fuel1ng 
vehicle. Further calculations were performed to develop 
information Wh1Ch would allow the estimation of maximum fuel. 
temperatures from measurements of bulk outlet temperature, 
These calculat10ns were performed for fuel elements w1th and 
w1thout the basket tube 11ner I1nner sleeve) 1nstalled and 
with the assembly enclosed by the d1scharge cask shroud. Two 
methods were used. In the fi rst method, fractions of total 
a1r flow passing outside the basket tube between the basket 
tube and the fuel ring and 1nS1de the fuel ring were calculated 
for var10US total a1r flows. From these flow Spl1tS, maX1mum 
rod temperatures were calculated by assuming that the rate 
of heat flow out of a fuel rod was uniform around 1tS C1rcum
ference. In general, these calculations 1nd1cated that the 
h1ghest temperature of a fuel rod would be ins1de the rod ring. 
Real1st1cally, such a temperature 1mbalance around the rod 
c1rcumference would tend to decrease the heat flux at the 
1nner surface and drlve more heat to the outer surface. Under 
some conditions, the calculated inner surface temperatures 
were h1gheI than those which would eX1st if there were no 
coollng at the 1ns1de of the rod r1ng and all heat were be1ng 
drlven to the outside. Consequently, a second method of 
calculation was used to determ1ne maXlmum fuel rod tempera
tures ln whlch all heat was assumed to be dr1ven to the 
outs1de. The results of these calculations were presented 
as plots of maximum surface temperature versus bulk outlet 
temperature. 

2. water Cooling of a Defected Element 

For water coollng, a flow rate of 0.5 gpm inside the basket 
tube should prevent fuel temperatures from exceeding 2l2 o F 
if the water were spread un1formly over the surfaces of fuel 
rods, basket tube and center rod. (This assumes that water 
flow 1S lnitiated before fuel beg1ns to heat up after removal 
from the reactor). However, at this flow rate f channeling 
of the flow and non-uniform d1str1bution would probably exist. 
Some exper1ments to determ1ne the flow rates Wh1Ch w1II insure 
that water is £low1ng on all fuel rod surfaces w1Il be needed 
to guarantee that defected fuel temperatures can be held 
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below 212 c F. At powers up to the 0.23 kw/ft total flows 
adequate to provlde water flow over all fuel rod surfaces 
should be,more than adequate to hold rod temperatures 
belov.' 212 ~ F. 

3. Emergency water Cooling of Non-defected Element 

If through loss of air cooling, a non-defected element were 
allowed to reach high temperatures before water cooling were 
initiated, water running down the inside of the basket tube 
would flash to steam and tend to divert the lncoming flow, 
An accurate calculation of thermal and hydraulic behavior for 
such a case was not possible. However, estlmates of maximum 
fuel temperatures following loss of air coollng were made by 
assuming that the present emergency water cooling system was 
used to spray water on the outside of the basket tube, In 
such a case, heat transfer from the fuel rods to the basket 
tube would be primarily by radlation. without a bas~et tube 
Ilner, maximum fuel rod temperatures of 1500 to 1700 v F were 
estimated. These temperatures would probably cause fuel rods 
to rupture, but would not produce any core or cladding meltjng. 
with a basket tube liner installed, the thermal resistance 
between the liner and the basket tube would cause higher fuel 
temperatures for this method of emergency cooling. The 
temperatures would depend on the closeness of the fit between 
the basket tube and liner, but should be below the meltlng 
point of core or cladding materials. 

Rupture Loop Particle Separator 

A transparent plastlc section was attached to the downstream end 
of the swirler. Several tests were then made by injecting dye and U0 2 particles into the flow stream and photographing the paths of these 
materlals. The swjrl angle was found to approximate the theoretical 
angle predicted (26 V F vs. 29°). Tests were then conducted In]ecting 
fuel particles into the flow stream upstream from the swirler while 
taking movies at the clear plastic section. Examlnation of the mOVles 
indicated: (1) the majority of the particles travel along the wall; 
(2) the particles travel in very well defined paths rather than 
randomly; and (3) the large partlcles seem to tumble along the wall. 
The results of these tests indicate that the particle separator's low 
efficiency is probably due to the collection ring configuration. 

Clear plastic collector rings are belng fabricated. These rings 
will be attached to the plastic plpe and movies will be taken of the 
collector ring section while particles are being injected into the 
flow stream. The results of these tests will be used to modlfy the 
collector ring configuration to lncrease the efficiency of the separator. 

Fuel Element Testing 

Testing of the basket type fuel element for the FERTF continued 
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during the month. The loop was operated for 486 hours at 70 gpm, 
495 F, and 1050 pS1g. Total exposure of element at test condit1ons 
to date is 1564 hours. 

Period1c 1nspect1ons of both the pressure tube and fuel element 
were made dur1ng the month. Examinat10ns of the pressure tube with 
a boroscope revealed no serious fretting; disassembly and exam1nat1on 
of the fuel element was performed by representatives of Fuel Design 
and Evaluation. Several photographs were made of the lower frett1ng 
marks 1n the pressure tube, Prints are available for inspection. 

Mater1als Development 

PPTR Pressure Tube Evaluat10n 

The PRTR reactor safeguards program includes study by destruct1ve 
examination of the effect of reactor environment upon the Zircaloy-2 
pressure tubes, Work in progress 1S composed of determining a hydrogen 
limit on un1rradiated tube specimens of d1fferent flaw length, and 
crack propagation tests at various temperatures. 

Room temperature fracture behavior of slotted 1rradiated and un-
1rradiated PRTR pressure tubes 1S established so that current interest 
1S concerned with temperature effects- The burst strength of PRTR 
pres§ure tubes, before irradiat1on, was found to decrease linearly 10 
psi/vC from a room temperature strength of 35,000 psi for tubes con
ta1ning a 1-1/2 1nch long slot through 80% of the wall thickness. An 

G observed decrease 1n burst stress of 104 PS1/ C start1ng w1th a room 
temperature burst stress of 66,000 psi f~r PRTR tubes contain1ng 3/4 
1nch slots appeared high. A test of 150 C on an annealed PRTR tube 
sectlon contalnlng a 3/4

r
1nch long slot confirmed the temperature 

coefficient of -104 psi/~C. This behavior may be the result of the 
combined effect of decreas1ng yielding strength and increasing frac
ture toughness w1th temperature. 

Electron microscope fractographs were made from replicas of the 
fracture surface of PRTR tubes contain1ng 30, 150, and 275 ppm hydrogen. 
The rat10s of duct1le (dimpled) to inter-and trans-granular cleavage 
for the three specimens were similar. This information is being used 
to determ1ne how the comb1ned affect of 1rradiat1on and absorbed 
hydrogen may effect the fracture toughness of pressure tubes. 

Test Reactor Operation 

Operating Experience 

Pertinent data for the month are as follows: 

1. Production. . 539.11 MWd 

2. Hours Critical. 277.9 
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3. Critical Eff1ciency . .38.6% 

4. Total Exper1mental Time Eff1ciency. .58.4% 

5. D2 0 Losses 

a. Indicated Stack Loss ( 26 to 7-25). .715 1bs. 

b. Physical Inventory (6-24 to 7-23) .699 lbs. 

6. Helium Loss. .114,938 scf 

The Plutonium Recycle Test Reactor operated at a maximum power 
level of 66 MW this month. This power corresponds to a maX1mum 
specific rod power of 20.0 kW/ft for fuel elements in Ring One. Total 
production since the start of the batch core experiment 1S 1,901 MWd 
or 9.5% of the goal exposure. The 55 fuel element core has accumu
lated 1,621 MW"d. 

PRTR operat1on was interrupted by 12 shutdowns. Four were 
scrams caused by pressur1zer pressure tr1ps, two were caused by flow 
monitor trips, one was a scheduled outage for preventat1ve maintenance 
work, and five were intent10nal shutdowns to correct operating con
ditions. A brief description of the outages occurring during this 
report per10d follows: 

Date 

June 26 

June 27 

June 29 

J'une 30 

July 2 

Reason for Shutdown 

Scrammed by flow mon1 tor 1956, high flow. Improved 
crud conditions in primary system resulted in a large 
flow increase through the 5-micron crud filter. The 
outage was extended to perform fuel rod removals for 
FERTF Test #22 and PRTR Test #136-2 and to work on 
pressurizer pressure control system. The outage re
quired 23.6 hours. 

Scrammed by pressurizer very high pressure. The outage 
was extended to work on the pressurizp.r pressure con
trol valves and repaired valve leakthrough prior to 
startup. The outage required 56.2 hours. 

Scrammed by pressurizer low pressure. Adjusted pro
portional band on P-13 stabilizing the pressurizer level 
control which smoothed out the pressure control. The 
outage required 3.1 hours. 

Scrammed by spurious log reactor per1od. The outage 
required 0.9 hours. 

Shut down for 9.6 hours to correct cause of h1gh 
col1ection,races in the D2 0 recovery system. Replaced 
eight leak1ng nozzle caps. 



Date 

July 3 

July 7 

July 11 

July 12 

July 14 

July 16 

July 24 
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Reason for Shutdown 

Shut down for 8.3 hours to correct cause of rapld 
level decrease in primary heavy water storage tank. 
Replaced eight leaklng nozzle caps. 

Scrammed by pressurizer very hlgh pressure. Stayed 
subcritical to run Power Test #6, Part B, and to work 
on pressurizer pressure control system. Found dirt 
ln the level control system which was upsettlng the 
pressure control. The outage requlred 104.1 hours. 

Scrammed by flow monltor 1956, high flow. Improved 
crud conditions caused a large increase in flow 
through the 5-micron crud fllter. The outage requlred 
1.0 hours. 

Scrammed by pressurizer high pressure. Extended the 
outage for 44.2 hours to resolve the pressurizer 
pressure control problem. Found the valve trim broken 
on the pressurizer high capaclty helium supply valve. 

Shut down for 0.2 hours to inject boron. 

Shut down for 188.2 hours as scheduled to complete 
programmed repairs, tests and preventatlve maintenance. 
Prlmary pump #1 was replaced because of seal leakage. 
Replaced aluminum fuel transfer carriage with a carrler 
made of stalnless steel. 

The shutdown valve opened on a short reactor period. 
Reactor was then manually scrammed. The outage re
qUlred 2.7 hours. 

As shown above, the reactor experienced three high pressure 
scrams and one low pressure scram during the month. Followlng each 
scram, the pressure control system was examined closely to flnd 
and correct the cause of the outage, and in each case sufflclent 
items were found and corrected prior to startup to indicate that 
the pressure control problem was solved. After the fourth scram 
on July 12, the high capacity pressure supply valve, H-75, was 
dlsassembled and found to have a broken valve trim. The trim was 
broken below the seating surface so that the valve made a tight 
shutoff; however, the tapered throttling plug was broken and a 
plece, about 3/4 inch long and 1/4 lnch in diameter, was misslng, 
The broken plug destroyed the throttling capability of the pressur~ 
control valve. The full flow capacity of the valve was present 
wlth a minimum of valve travel. Pressure control has been normal 
since the broken trim was replaced-

During the monthly emergency diesel generator load test, the 
primary pumps did not re-start automatically and the instrument 
M-G set did not transfer as lt should to 384 power and then back 
to the diesel emergency power. The pump start problem was traced 
to a broken Wlre on the 2400 V sWltchgear door for primary pump 
#1. with this wire broken, the relays would not set up to allow 
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elther primary pump #1 or #2 to start automatically. (This 
control wlrlng has been previously ldentified as weak due to old 
age, and a replacement program is ln progress.) 

No cause has been found for the failure of the instrument 
M-G set to transfer. This failure to transfer has occurred pre
vlously on monthly diesel load tests. Diagnosls has not been 
successful because the trouble will not reproduce itself. 

The water chillers experienced five failures this month. 
Vibration of the compressor discharge piping lS causing fatigue 
failure of the oil separator tubing. Snubbers have been installed 
(NPC-4461 to reduce the vibratlon to a minimum. 

The testing of the gas loop blowers (a portion of the lay
away program for the gas loop) has become lncreasingly difflcult. 
Gas blowers land 3 finally would not operate. Therefore, all 
blowers were removed from service. Immobilizing flanges were 
fltted on the inlet flanges to take the weight off the special 
bearing and eliminate the need for periodic testlng. A dry 
atmosphere was provided. 

The ion exchange resin was removed from the FERTF plping. 
Two new ion exchangers charged with LiOR resin were installed, 
and the FERTF was reconnected to process channel 1550. Oxygen 
concentration, previously a problem, has remalned within limlts 
since the FERTF has been ln service with the fresh lon exchangers. 

The amount of reddish-violet material visible on the fuel 
elements continued to decrease during the month, indicating that 
crud levels in the primary system remained at low levels. New 
10- and 40-mlcron pore size filters were installed in place 
of the 5-micron filters which had been used to date. After three 
days of full power operation, the new filters showed little 
evidence of plugging. 

Four process tubes were examined. There were no slgniflcant 
changes observed since the previous examination. Eleven irradiated 
fuel elements were inspected in the storage basin. All were ln 
satisfactory condition. Nine irradiated fuel rods were shlpped 
to the Radlometallurgy laboratory in support of PRTR Test 136 and 
FERTF Test 22. 

Process Technology 

The fuel rod being irradiated at 19.7 kW/ft under Supplement 
2 of PRTR Test 136 was subjected to a maximum of 20.0 kW/ft durlng 
a reactor startup and rise to power on June 26, 1967. Metallurglcal 
examination of this fuel rod revealed that the onset of fuel melt
ing had been reached (8% molten radius). A similar power fuel rod 
from another fuel element was removed under FERTF Test 22 and its 
examination revealed a 30% molten radius (a power 5% above the 
onset of melting). As a result of these two examinations, the 
allowable specific rod power was conservatlvely reduced. At month 
end, with the FERTF in service, the limit was 17.1 kW/ft on a 
"maximum tube" basis rather than the previously used "average of 
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the six central tubes." 

An investlgative study of the molten fuel event and a re
evaluatlon of the long term program were also begun. The 
significant accomplishments during the month were: 

The removal of SlX additional irradiated fuel rods for 
metallographic examinatlon; 

The lnstallation of new fuel rods on three of the central 
fuel elements and the positloning of these rods ln the 
peak power posltions for addltiona irradlatlon and exa~ln~ 
ation phases; 

The lnstallation of two speclal fuel element bands on 
each of three central elements for lnvestigatlon of real 
power dlfferences between these process channels; 

The completlon of a series of axial peaklng factor 
measurements during a recent cold startup which reaffirmed 
the degree of conservatlsm in the procedural controls; 

The determinatlon that the tube data reductlon system 
was working improperly durlng the reactor startup and 
rlse to power on June 26. (Durlng the startup and rise 
to power, fuel rod speclflc powers reached 20.0 kW/ft. 
When thlS was recognized, testlng and dlagnosis were 
conducted to correct the problem. The system lS now 
functioning properly.) 

The startup and the shutdown phases of Batch Core Power 
Test No.6 (Translent F1SSlon Product POlsoning) were conducted 
during the month. Prelimlnary analysis of the data lndlcates 
that the poisoning associated with the growth of equlllbrlum 
xenon is ln good agreement with calculated results. The magni
tude of the xenon pOlsoning tranSlent following shutdown from 
equilibrlum power operation was approxlmately half that expected. 
Further investigatlon of this apparent anomaly lS in progress and 
a test supplement for another measurement of the lnitial 24 hours 
of the shutdown transient has been prepared. 

The two fission gas pressure measuring fuel elements contlnue 
to perform satisfactorily. Thlrty pressure and temperature 
measurements were made on each of the four test rods. The maximum 

c temperature and pressure observed were 529 F and 58.2 pSlg ln 
rod 8 of fuel element 6520 located in process channel 1548. Fuel 
element 6520 was dlscharged to replace a leaking nozzle cap 
gasket. Whlle the process tube was empty, lt was inspected and 
found to be in satlsfactory condition. ThlS was the first tl~e 
an irradiated fisslon gas pressure measuring element had been dlS
charged. 

Coupon samples were removed from the primary system, examined 
for corrOSlon and fllm deposltion and returned to the system. 
Measurements from these samples are stlll being evaluated. 
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Coupon samples were reinstalled in the out-of-reactor test 
section of the Fuel Element Rupture Test Facility. These samples 
will provide long term corrosion and film sureillance. 

Aluminum corrosion probes in the moderator and reflector 
cooling systems, and carbon steel probes in the top and bottom 
shield cooling systems and in the core blanket gas system all 
showed corrosion rates of less than 0.01 mils per month. Carbon 
steel probes in the biological and thermal shield cooling systems 
showed rates of 0.13 to 0.24 mils per month in these systems 
which are cooled with process water. 

The HX-S tube bundle inspection plate was removed and the 
tube bundle inspected for mechanical damage. Results were 
satisfactory. 

Initial testing of the pneumatic accessory was begun. The 
exhausted irradiated air has not been a problem. 

Improvement Work Status 

Work Physically Completed. 

NPC-427 - Fuel Transfer System Improvements. The carriage 
used to carry fuel elements between the containment vessel 
and the storage basin was originally fabricated from aluminum. 
It proved to be structurally weak and was also damaged by 
corrosion. It has been replaced by a stainless steel carriage. 

NPC-372 - Moderator Filter Shielding. A sideleg particle 
filter was installed on the moderator system after the FERTF 
incident. Shielding design for this filter was delayed to 
await moderator system experience with the reactor at full 
power. A one-inch-thick lead shield has now been added. 

DC-300 - Coarse Particle Filtere A 40-micron filter and 
particle trap have been installed in an empty primary process 
tube in addition to 10-micron filters installed in two other 
tubes. The particle trap will catch larger particles that 
might not cling to the outside of the filter and ensure that 
any such particles will not remain loose in the primary system. 

NPC-347 - Chemical Addition Pumps. The addition of chemicals 
to the boiler feedwater has been made more flexible by re
arranging the piping system on the chemical addition pumps. 

DC-309 - H-78 Valve Removal. H-78 is a relief valve designed 
to relieve helium from the pressurizer to IP helium storage 
for small overpressures thereby saving helium. (Larger 
overpressure conditions relieve to the cell via primary system 
relief valves.) The H-78 valve has been a frequent source of 
maintenance problems and a recent review showed that the 
valve actually works on a pressure differential between the 
two systems. Since the downstream pressure (IP storage) varies 
widely in the course of normal operation, H-78 is not capable 
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of relieving at a predetermined upstream pressure. There
fore, it has been blocked closed and will be removed when 
suitable blanks are obtained. 

EBWR Demonstration Program 

Irradiation Testing of EBWR Prototype Fuel Rods. 

The last two of the original group of 32 capsules are being 
examined. The Zircaloy-clad (1.07 cm OD) capsules contain V1-
brationally compacted, pneumatically 1mpacted UO -l.S wt% pu02 . 
Irradiation conditions relating to these two cap§ules are summa
rized in the following table: 

IRRADIATION CONDITIONS FOR CAPSULES GEH-14-S23 & S24 

Effective 
Capsule Full Power Flux14 Rod Power, Exposure 
Number Dals x 10 kW/ft HWd/tonne nvt 

GEH-14-S23 899 0.94 16.7 27,600 7.0 x 10 20 

GEH-14-S24 926 0.84 14.9 26,300 6.7 x 10 20 

Each capsule has a void volume of 0.9-1.0 ml and contains 
Sl.6-S1.8 g of mixed-oxide fuel. Fuel and gas samples are being 
analyzed to establish actual burnup and gas-release values. Gas 
release from these capsules was 12.1 ml for capsule GEH-14-S23 
and 7.4 ml for capsule GEH-14-S24. 

Isotopic data from three other capsules indicate2~~at ~~3 
burnups of 12,S60, 16,930, and 18,300 MWd/tonne, the Am/ Am 
ratios are 3.00-3.03, 1.83-1.88, and 0.86-0.88, respectively. 

Eamination of irradiated production-run rods 1S continuing. 
Ceramographic examination of the rods which attained an estimated 
burnup of 27,SOO MWd/tonne was initiated. Fission gas and fuel 
samples from these rods are being analyzed. 

NUCLEAR SAFETY 

Containment Systems Experiment 

Containment Leakage Studies - Task A 

Effect of Temperature Sampling Errors in Leakage Rate Measure
ments-. 
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A serious source of error in determining the leakage rate 
of containment vessels is use of erroneous average containment 
air temperatures. Such errors may result from inadequate sam
pling of the air volume. During the leakage rate tests on the 
CSE containment vessel, air temperatures were measured by 19 
platinum resistance temperature detjctors (RTD's) distributed 
to provide one RTD for each 1600 ft of containment vessel 
volume. Leakage rate calculations by the absolute pressure
temperature method were based on changes of the volume weighted 
average temperature of all 19 RTD's. 

Leakage rates were calculated to show the effect on absolute 
method calculations if the temperature sensors were used individ
ually and if disadvantageous locations are used. An example of 
some of this data at a moderate leakage rate is shown in the fol
lowing table: 

CONTAINMENT LEAKAGE BY THE ABSOLUTE METHOD (24 HOURS) 

!. 

Li = leakage calculated using individual sensor 
L = leakage from volume weighted Avg. of all 19 RTD's 

POINT NO. /', TEl\'1"p . Li 
LOCATION ( 0 F) (%/day) Li/L 

1. 1. 46 .245 0.85 

2. 0.83 .363 1.25 

3 . 1. 50 .238 0.82 

* 4. Wetwell 0.46 .432 1. 49 

* 5 . Access way 0.70 .387 1.33 

7 . 1.28 .279 0.96 

8. 1.38 .260 0.90 

9 . 1.56 .226 0.78 

* 11. Bilge 0.36 .450 1. 55 

13. 1. 40 .256 0.88 

14. 1. 34 .267 0.92 

15. 1.54 .230 0.79 

17. 1. 44 .249 0.86 

18. 1.16 .301 1. 03 
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POINT NO. t::. TEMP. Li 
LOCATION ( of) (%/day) Li/L 

25. 1. 48 .241 0.83 

26. 1. 50 .236 0.82 

28. 1.43 .249 0.86 

29. 1.50 .238 0.82 

* 30. Bilge 0.47 .429 1. 48 . 

7\verage 1.20 .290% 1. 00 

* This and other data inciates that reduced number of individ-
ual sensor can give a fairly adequate sample of containment air 
temperature as long as obviously disadvantageous combinations are 
avoided, such as using all bilge and wetwell sensors for an average," 

Fission Product Transport Studies - Task B 

Aerosol Transport and Behavior in the Drywell Vessel 

A second aerosol transport test was performed in the CSE 
drywell vessel. The objective of this test was to check equip
ment and methods and to train operators for the forthcoming full 
scale CSE experiments. The test duplicated the prior drywell 
test except that ruthenium and zircaloy-uo

2 
fumes were added to 

the aerosol. The painted walls of the vessel had been aged by 
previous steam exposure for this second test. 

Preliminary results show the gas phase concentration half 
lives for iodine, cesium, ruthenium and uraniGm was 12 + 1 minute. 
In the previous test, the half lives for iodine and ceslum were 
8 minutes. The longer half life is at least partly attributable 
to the lower steam condensation rate in the latter test. The 
half life predicted by the ADF mathematical model was 11.5 
minutes if the bulk gas velocity near the walls was 60 ft/min. 
Gas velocity measurements were made but interpretation awaits 
anemometer calibration under test conditions. Significant test 
conditions are listed below: 

Vessel Properties height 7.6 m 

diameter 3.3 m 

volume 65 3 m 

surface 100 2 area m 

coating Phenoline 

insulation none 

Previous steam exposure 33 hrs at 250 o D, 42 hrs at 

302 
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of painted surfaces. 

Afterheat 

Temperature 

Pressure 

Steam to Air Ratio 

Steam Condensation Rate 

Initial Aerosol Conc. 
( calculated) 

Iodine 

Cesium 

Ruthenium 

BN~\TL-522 

2l2 0 F Continuous steam feed 
to replace loss by condensation. 

121 + 1°C, isothermal 

49 + 1 psia, isobaric 

1.6 mo. /mol 

2700 + 100 g/min 

0.9 mg/m 
3 

5 mg/m 
3 

0.04 mg/m 
3 

'\,10 mg/m 3 

Furnace sweep gas, air, 2 cn1 

Release duration, 10 minutes 

This was the last intermedia~e scale transport test, and future 
tests will use the 30,000 ft main CSE vessel. 

CSE Aerosol Characterization 

The conifuge is to be used as a method of determining the 
settling velocities of all components in CSE aerosols as injected. 

Cone liners are being developed so that the entire deposited 
sample can be used for analysis. 

To date, paper and aluminum foil liners, have been tried 
with poor results. The liners apparently fluttered at the top of 
the cone or pulled loose due to the varying centrifugal force 
down the cone. 

Strips of masking tape cut to size on a template are now being 
used as a cone liner with good results. Tests will now resume on 
developing a method of tagging polystyrene latex spheres for use 
as an internal standard. 

Small Scale Aerosol Tests 

Two runs were made in the Aerosol Development Facility (ADF) 
to enable comparison of aerosol analysis by CSE techniques and 
ORNL techniques. BNW and visiting OPNL personnel cooperatec closely 
to analyze aerosol samples from a typical ADF run. Two runs using 
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Zr-UO? fumes, 1 2 , Cs, and Ru were made in stearn and alr at 80~C. 
The O~L device included tWO-S1X Maypack clusters, one of WhlCh 
was loaded wlth carbon fllmed membrane fllter for electron mlcro
scope work, a flberous filter analyser, and a composlte diffusion 
tube. 

The samples taken by the ORNL employer are smaller than the 
typical ADF Maypack samples and they are broken in to more frag
ments for countlng. ThlS, along with lower than expected release 
fractlons during the aerosol generation, and sample flow problems 
caused by the atmosphere pressure ln the ADF run, gave low count
lng leve Is , 

These shortcomings were corrected and a second run was made. 
The results from thlS run are being analyzed; and lt appears that 
satlsfactory sample actlvities were obtained. The levels were 
ample for useful analysls of the ADF samples in both runs. 

CONTAINMENT SYSTEMS EXPERlMENT-R. L. Dillon 

Decontaminatlon 

The facillty used to conduct experiments on the decontamination 
of phenollne 302 painted surfaces was modified and calibrated and 
is now ready to contlnue experlmental operation. Calibration of 
thlS apparatus refers to pressure versus flow characteristics of 
the spray Jets used to clean contamlnated surfaces. 

Coolant Blowdown Studies - Task C 

Blowdown Experiments 

One major portion of the CSE program lnvolves large scale 
coolant blowdown experiments which have the basic purpose of In
vestlgatlng the dynamic effects of large ruptures in high temper
ature reactor coollng systems. Data on the transient pressures, 
temperatures and forces lmposed on the containment vessels, 
reactor vessel and lnternal components wlil be measured for com
parlson wlth values predlcted by analytical models. ThlS lnfor
matlon wlil be used to establish the validity and range of 
appllcabllity of analytlcal methods used ln safeguards analyses 
of nuclear generatlng stations. 

Two hot blowdown tests were made with the reactor simulator 
vessel. In the first test, a full vessel of water at SOOc F and 
665 psig (saturation pressure) was blown down through a 3,438" 
I.D. orifice at the end of a bottom blowdown nozzle. In the 
second test, water at the same lnitlal conditlons was blown down 
through the full open plpe of 6.8" I.D. The purpose of these 
tests was to check the blowdown predictlons made by various 
authors, and to contlnue the development of instrumentation 
techniques. 

LlqUld level probe and total weight load cell measurements 
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were taken successfully on both runs. There is some problem 
with zero and lnitial readlng drift durlng heat up for a hot 
run. Desplte this drift, the liquid level decrease in the tank 
and the weight loss could be followed quite well for these hlgh 
temperature runs. 

The results of the blowdowns do not agree with either 
homogeneous or annular equilibrium two-phase critical flow model 
predict.lons. The experimental blowdown rates were roughly 60% 
of tho~I)predicted. It was noted that analytical models proposed 
by BNW and General Electric predict discharge rates low by 
about this same factor. It may be further noted that this factor 
of 60% is slmilar to the nozzle coefficients of 0,698 to 0.70 
needed to make the ambient temperature - nitrogen dome water blow
down results agree with adiabatic theory. The pressure gages and 
temperature gages, both in the vessel and in the dlscharge pipe, 
do not agree among themselves or wlth steam table values better 
than 10%. The results will require further interpretation to ex
plain all the data. 

Radioactive Waste Solidification (A. M. Platt) 

Pot Calcination 

Process Technology. 

B-Cell Run PC-5 will be a pot calcination run wlth PW-l as 
feed. The actual feed will differ from nominal pW-l by having 
somewhat highersodium, aluminum and sulfate concentrations. Feed 
solutlon was simulated in the laboratory and its stability and 
bOlling characterlstlcs examlned. Foaming is a recurrlng problem 
in the pot-cal process and previous laboratory tests have proven 
inadequate for predicting potential foaming conditions. Simulated 
Run PC-5 feed was foam-tested in a new long tube configuration. 
The only signiflcant foaming observed was apparently due to super
heating which was disslpated by large surges of foam lasting 
20-30 seconds. 

Radioactive Demonstr'3.tion. 

Pot calcinatlon run 4 (PC-4) was successfully completed uSlng 
a modifled PW-l feed composition. Excessive sodium in the Purex 
IWW used for feed make-up required the addition of an equivalent 
amount of sulfate to prevent formation of sodium and cesium oXldes 
in the calcines. Thus the sodium and sulfate concentrations were 
0.47 and 0.26 respectively. 

A total of 650,000 curies, including 47,000 curies of radlo
ruthenlum and a strontium-90 spike of 30,000 curies was fed to the 

(1) B. M. Johnson, "Mathematical Models of Pressure-Temperature 
TranSlents" , BNWL-233, May 1966 



104 BNWL-522 

12-inch pot ln 42 hours at an average feed rate of 26 liters/hr. 
The high feed rate was primarily due to some concentratlng of the 
feed ln the evaporator Slnce a C-mode equipment arrangement was 
used. This conslsted of feeding the pot from the boiling waste 
evaporator and returnlng all of the pot condensate to the evapora
tor for recycle wlth the feed, The evaporator was continuously 
fed from a batch feed tank. 

During the flrst few hours of feedlng the pot, a severe 
foaming conditlon was encountered and approximately 20 liters of 
concentrated feed was regurgitated from the calclner into the 
safety relief seal pot. After feeding water to the pot for 
approximately one hour, the run was successfully contlnued. A 
reduced feed rate was used to allow more freeboard for foaming and 
no further foaming was observed. 

Drying and coollng of the pot contents after the feed was 
turned off requlred 33 hours to give an average processlng rate 
of 14.4 Ilters/hour. 166 Kg of calclne was netted with an internal 
heat generatlon rate of_2700 watts. ThlS produced a pot center
Ilne temperature of 477'"'C and a centerllne to wall llT of 310"C 
wlth the pot suspended in 38°C air. 

One of the princlpal features of the mode C equipment setup 
is recycle of the pot condensate wlth lncomlng feed to the pot. 
Thus, a constltuent WhlCh is volatllized from the pot will increase 
to some steady state concentration ln the evaporator during a 
series of simllar runs. An Ob]ectlve of this run was to observe 
the recycle effect on ruthenium. However, only five percent of 
the ruthenlum ln the total feed to the pot was volatillzed as 
indicated by data from stream samples of the pot condensate. 
Final samples of the feed remainlng at the end of the run revealed 
no increase in ruthenlum and conflrmed the low volatility. In 
earlier pot runs wlth PW-2 waste, 30 percent of the ruthenlum was 
volatillzed. 

Addltlonal removal of ruthenlum from the gas stream was 
sought by addlng sodium hydroxide to the tower of the aCld frac
tionator. Prellmlnary data indlcate that the ruthenium OF may 
have improved by a factor of 10 over previous runs. A comparison 
is planned by not adding caustic to the fractlonator durlng the 
next run, PC-5. 

All equlpment operation durlng the run was satisfactory 
except for seml-continuous plugglng of the waste evaporator 
specific gravlty dlP tube. 

Phosphate Glass Solidlflcatlon 

Process Technology. The rough draft was completed on the 
terminal report (Part V) on the laboratory studies associated with 
the Waste Solidificatlon program. 

At the request of Waste Solidificatlon Engineering, a sample 
of glass from run CPG-7 in the 324 BUllding phosphate glass equip-
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ment was measured for thermal eXE~nsion. Below the glass tran-
si tion tempera t:::Se, ,), = 1.4 x 10 ; c a~ove the transition tem:gera ture , 
it was 9.9 x 10 . The glass transltlon temperature was 380 C 
and the dilatometric softening temperature was 415

c
C. 

Spray solidification 

Process Technology. The corrosion rate of 304 L stainless 
steel was determined in calcined PW-l solution containing Nap03 at five concentration levels (Meq/P from 1.5 to 2.3). The 
corrosion rates (liquid phase) ranged from four to 23 mils/mo. 
with no preferential attack at the liquid-vapor interface. These 
data indicate the feasibility of by-passlng the platlnum melter 
and melting directly in the storage container when utilizlng these 
feed compositions. The above melts were less corrosive to 310 
stalnless steel (factor of about five) than 304L. pW-l calclnes 
containing Colemanite at three concentration levels t510 6 610, and 
710 gil PW-l) had melting points ranging from 800 to 840 C. 
Corrosion rates of 304L i~ these melts at 850°C ranged from 100 
to 235 mlls/month. 

Engineering Development. Attempts are being made to impro"Ue 
the reproducibility (presently on the order of + 10%) of the drop 
Slze measuring technique. Possible sources of error whlch are 
belng checked include: insensitive flowmeters, drop coalescence, 
and random sampling error. Although the absolute values of our 
drop Slze measurements did not agree as closely as would be deslred 
wlth those made by Delavan Company, the Delavan measurements 
confirmed the superior performance of the lnternal mix nozzle 
compared to an external mix nozzle. 

An eroded lnternal mlX nozzle was compared with a new nozzle 
and no dlfference in droplet size could be seen. 

Product Evaluation 

Leach Rate Studies - Phosphate Glass. Leach rates for two 
samples of phosphate glass (PW-2) product taken from different 
locatlons In the same collection pot (WSEP Run B) were compared. 
One sample was partially devitrifled and the other completely 
glassy. Devitrification of the one sample was due to its belng 
held at elevated temperature longer than the glassy sample. The 
leach rate of the devitrifled sample was about two orders of 
magnitude higher than that of the glassy sample; it was about the 
same as the leach rate for microcrystalline spray solldlfier PW-l 
product. 

Leach Test - Spray Solidification. A series of leach tests 
were made with grab samples taken during an EDL spray solidifler 
PW-l run (Run DSC-IA) and with samples taken from the pot on com
pletion of the run. Results of the tests indicated that calculated 
leach rates are relatively independent of both frequency at whlch 
leach water lS sampled and changed (over a range of once a day to 
once every two weeks) , and leachant volume (over a range of 100 to 
500 ml of leachant with samples havlng about 15 sq. cm. of surface 
area) . 
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In three separate comparlsons, as-recelved grab samples were 
significantly more soluble than pot samples collected at a corres
pondlng tlme durlng the run. These resu1 ts are contra.ry to what 
was expected and more comparlsons of thlS type wlll be made. 

Heat Generation Rates. Heat evolution rates of 2.6 and 1.1 
Kllowatts were measured with the In-cell calorlmeter for pots from 
runs PC-4 and PC-2 respectl ve ly. Agreement was wi thln 10 to 20 
percent, respectlvely, of values predicted from material balance 
and decay curves. 

Solids Storage EngineerLng Testlng 

The requirements for lnstaillng at least two pods ln B-Cell, 
prlor to achlevlng beneflclal occupancy of A-Cell, have been 
analyzed. The results lndlcate that two pods can be installed In 
Buvlcle B-l4 wlthout removal of process Jumpers, but that some 
addltlonal handllng flxtures wlll be requlred over and above that 
needed for A-Cell. Pod lnstallatlon can begln as early as 9-1-67, 
followlng flxture deslgn and fabrlcatlon during August. 

ProJect BAP-016, SOllds Storage Englneerlng Test Faclilty, 
1S underway wlth the start of wall corIng requlred for lnstallatlon 
of the in-the-wall lntercubical plplng. Installatlon of the wall 
llner is delayed, pendlng completlon of electrical details for 
new lncell lightlng at the upper level. 

The most crltlcal schedullng ltem, procurement of the second 
shielding window, appears on schedule, followlng placement of the 
purchase order and commltment by the vendor to deliver the frame 
and WIndow on the requlred dates. These commitments, If kept, 
place the proposed A-Cell startup date of January, 1968, ln favor
able llght. 

FIsslon Product Aerosol ContaInment 

Removal of Organlc Iodldes Wl th Hydrazlng (L. C. Schwendlman) 

The effect of much finer spray droplets 30n removal rate of 
methyl iodlde was determlned uSlng the 3 T 6 m spray chamber. A 
4.8 wt % hydrazIne - 5 wt % ammonlum hydroxlde Solutlon was sprayed 
through an alL-steam atmosphere contalnlng 0.1 mg of methyl iodIde 
per cubic meter at a rate of 0.108 gpm. A Bete Pin-Jet nozzle 
produclng a spray with a medlan mass diameter of,140 microns was 
used. _ Inltlal temperature In the chamber was 88-C which decayed 

v to 43 C durlng the 6 hour spray run. Approxlmately 58.7% of the 
recovered actlvlty was contalned In the spray solution at the end 
of thlS time The removal half-tIme was 4.2 hours under these 
condltlons compared to a removal half-tlme of 21.2 hours for an 
equlvalent flow of water assumIng a partltlon coefflclent of S. 
The true partltlon coefflclent for methyl lodlde probably varIes 
from approxlmately 0.2 to 90'C to 1.0 at 45~C. 

For a gIven throughput of llqUld, the 5% hydrazlne delivered 
as a flne spray gave slgnlflcantly better removal ra-tes t~lan were 
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achieved ln earlier runs with coarser sprays. The condltions 
in thlS run were such that the hydrazine-methyl iodide reaction 
was effective, even though the dwell time in the spray chamber 
was short. 

Progress was made toward readying the Aerosol Development 
Facility vessel for higher pressure and hlgher temperature 
demonstration runs. 

Effort continued on the development of a suitable model 
for the washout of CH~I by reactive liquid sprayed into a chamber. 
The liquid phase reacEion rate required by double the removal 
rate of methyl iodide (expected from only physlcal absorption) 
was calculated on the basis of the penetration theory for a first 
order lrreversible reactlon. The requlred reaction velocity 
depends upon the reaction time available during the passage of 
the droplets, hence is a strong function of the drop size. When 
applied to a wall wetted with the solution, the relationship 
shows that removal rate wlll be a marked function of film thlckness. 
The initlal analysis showed that the reactlon rate determined 
experimentally for 5% hydrazine and methyl iodide was not rapld 
enough, for most experimental conditions employed, tou double the 
washout rate when droplet~ fell nine feet, the fall helght of 
droplets in the spray chamber used. Smaller droplets and hlgher 
hydrazine concentrations would appear to significantly enhance 
the removal rate. These theoretical concentrations are reasonably 
consistent with the experlmental observations to date. As earlier 
indicated, drops with a median size of 140" do show a significant 
removal rate over that predicted for water. 

Physical Chemistry of Hydrazine-Methy1 Iodide Reaction (L. L. Burger) 

The reactlon rate constants for the liquid phase reaction of 
hydrazine and three other compounds with methyl lodlde were deter
mined using earlier developed methods. Results are shown ln the 
table. Rate constants are reported both as pseudo-first order 
rate constants and as second order reaction rate constants. 

Reaction Rate Constants 

Pseudo-First 
Observed Order Rate Second Order 

Descriptlon of Half-Llfe Const~Itt Rat~l con~!ant 
Solutlon (min) (min ) tM sec ) 

0.64 wt. % N2H4 in 33.7 2.1 x 10-2 1.7 x 10- 3 

0.0235 N HCl 

0.64 wt. % NtiH4 in 1.7 0.41 3.4 x 10-2 

0.0255 N NaO 

0.9 ~ Na 2s 20 3 
4.2 0.165 3.1 x 10- 2 

0.007 ~ Na 2S 2 0 3 
57 0.012 2.6 x 10- 2 



Descrlptlon of 
Solution 

0.09 N KIO 
o .0504 N N~OH 
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Observed 
Half-Llfe 

(min) 

* 39-270 3 
4.4 x 10 

Pseudo-First 
Order Rate 
Constant 
(min- l ) 

0.023 -4 
1. 6 x 10 
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Second Order 
Rate Constant 

( M-lsec- l ) 

~. 2 x 10-2 

5.3 x 10-5 

BaSlc Solutlon of hydrazlne react much faster than do aCldlC 
solutions as indlcated. Sodlum thlosulfate is included as a 
reference, Slnce Solutlons of sodium thlosulfate are belng advo
cated for sprays ln reactor containment. Reaction rate of the 
thlosulfate with methyl lodlde were comparable to the hydrazine
methyl iodide rate. 

A prlnclpal effort W2S made to further lmprove and verify 
the method for measuring the homogeneous reaction rates. The 
method continues to glve valuable data and will be used ln screen
ing prospectlve compounds. Hydrazlne and sodium thiosulfate 
rates wlll be used as reference comparlson rates in the search for 
improved scavengers of methyl lodlde. 

During the reportlng perlod, a paper, "The Reactlons of 
Hydrazine and Iodomethan. The Removal of Iodomethane from a Gas 
Phase ln Contact wlth Alkallne Hydrazlne Solutlon," U. S. Atomic 
Energy Commisslon Report BNWL-SA-1035 , was presented at the 22nd 
Northwest Reglonal American Chemlcal Society Meeting, Richland, 
Washlngton. Also, the preparatlon of a manuscript, "The Parti tlon 
Coefflcient of Methyl Iodlde," was begun. 

Dlsposal of Reactor Off-Gas lnto SOlI Systems (L. G. King) 

In modeling the fleld sltuatlon for gas dlsposal at the NRTS 
slte, it lS lmportant to know the elevation of the surface of the 
basalt. Data from the twelve wells drliled to date are being used 
together wlth selsmlC data to determlne the basalt depths. Some 
differences ln depths eXlst between the two sets of data; the 
seismlc results will be reanalyzed with the aid of a computer pro
gram in an attempt to resolve these differences. The well data 
are being fltted wlth polynomials through the use of the GENORO 
program. Ground surface elevatlons have been requested from Idaho 
Falls. These elevatlons are needed in order to convert the depths 
of basalt below ground surface lnto elevatlons of the top of the 
basalt. 

Waste SOlldiflcation Condensate Treatment (B. W. Mercer) 

• 

• 
Laboratory studies are belng conducted to determlne the effectlveness 

* Considerable scatter of data, so that an upper and lower limit 
of half-life was estlmated 
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of electrodialysis and lon exchange for decontamlnating WSEP 
acid fractionator condensate .. The condensate obtalne~2for these 
studierEcontalned 0.03 mo1e/llter I?-t;tric acid, 1 x 10 ... c/ml 
of Ru and 6 x 10-3~c/ml of Ce . Condensate was pumped 
through an electrodialysis stack pack at a flow rate of 1 llter/min. 
The stack pack contains 20 cell pairs with 220 cm

L 

of membrane 
surface area. The current through the stack pack was 3.5 amperes 
and theo<hluate to concentrate ratlo was 10:1. About half of 
the Ru' band 93% of the nitric acid was removed from the diluate 
stream. The diluate was recycled through the stack pack to slmulate 
a second stage which was limited to 0.6 ampere. Since most of 
the nltric acid was removed in the flrst stage, the res~stance 
of the diluate lS hlgh. The overall nitric acid and Ru Of DFs 
for the two stages was 128 and 5.5 respectively. CeSlum results 
are not available at the present tlme. Although ruthenium 
removal by electrodialysis is limited, the removal of the nitric 
acid facilitates flnal cleanup of the condensate by ion exchange. 
Preliminary data with an anlon exchange reSln column lndicate 
that an addltional ruthenium OF of 20 posslble by ion exchange. 

The removal of ruthenium and nitric acid by ion exchange 
alone lS also being studied. Results wlth a cation resin 
column in serles with an anion resin column show ruthenium Dfs 
greater than 100. The condensate was pumped through a catlon 
resin column flrst to remove cationic activlty and lons such as 
Fe t~ which might preclpltate in the anlon resin column. The 
anlon reSln column is effective for ruthenlum removal until aCld 
breaks through the column. From 24 to 33 column volumes of conden
sate was pumped through a strong base anlon resin column to 
ruthenium and acid breakthrough. A weak base reSln column was 
effective to 48 column volumes; however, the ruthenium OF slowly 
decreased during the latter portion of the run. 

Geophysical Exploration of Rattlesnake #1 Well (We A. Haney) 

Results of seven drill-stem tests taken at various intervals 
in the Rattlesnake Hllls No. 1 Well were received from Cook 
Testing Co., Long Beach, California. An evaluatlon of the data 
suggests that permeabilities ln the test zones are generally low. 
Elevation of the potentiometric surfaces generally decreases with 
depth from +1829 feet above mean sea level for the shallowest test 
zone to -4691 feet below mean sea level for the deepest test zone. 
The ground surface elevation of the well is +2880 feet above mean 
sea level. The tests further indicate that a high degree of 
communication does not. exist between the di fferent zones and that 
fluids injected into formations at depth would move downward if 
movement should occur. 

Columbia River Sedimentation Studies {D. R. Kalkwarfl 

Radiochemical analysis of water and suspended-sediment samples 
from the Columbia River estuary continued in support of the U. S. 
Geological Survey activities there. Better coordination between 
the sampling schedule and the radionuclide-counting schedule has 
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min1mized the delay 1n radiochem1cal analysis; 70 samples were 
recei ved this mOE th. 

Plastic containers made of Ilnear polyethylene and used by 
a service organizat1on to collect reactor effluent samples for 
this program were tested for their capacity to retain radionuclides 
by absorpt1on. Follow1ng storage of a typical sample for one day, 
a re-emptied container was found to retain 20% of the Sc 46 , 6% 
of the r1n5~, 9S% of the ZrC,5- Nb 9 : and 4S% of the Sb'<:4 on 1ts walls. 
Addi t10n of nitric aC1d t~; the conta1ners prior to sample col
lect10n was recommended. 

Pressure Vessel Crack Mon1toring 

Detection of Metal Overstress by Acoustic Emission - P. H. 
Hutton, N. E. Ord, ,J. F. Dawson, D. M. Romrell 

Development efforts cont1nued on the program to util1ze 
acoust1C em1ssion as a means of detect1ng flaw growth 1n reactor 
pressure p1p1ng. A system analysis study, Wh1Ch will cons1der 
various paraw£ters and funct10nal approaches to arriving at a 
pract1cal monitor system, 1S in progress. The current technology 
is at a stage where such a study 1S feasible and desirable to 
gU1de the most efficient expend1ture of future effort. The 
study w1ll provide a comprehens1ve gU1del1ne as to complexity, 
rel1abil1ty, and further development work requ1red to attain 
mon1tor systems of vary1ng degrees of ref1nement. 

Three recent burst tests uS1ng 3" d1a. A-I06-B carbon steel 
pipe pressure vessels dist1nctly support two hypothesis concerning 
acoust1C em1SS1on. There is defin1te evidence indicating that 
the read1ly detectable signal from deformat1on in th1S material 
as a crack grows (the continuous slgnal of varying ampl1tude) 
is generated by the attendant fracture of the OX1ded surface 
layer. For "as-rece1ved" spec1mens, the cont1nuous signal was 
quite evident; but 1n a slffillar speC1men with the oxide layer 
removed by sand blast1ng the cont1nuous signal could not be de
tected even with slgnal ampl1f1cat1ons of 10 4 . There was an 
abundance of tranS1en~ slgnals throughout both tests lead1ng up 
to spec1men fallure. These tests also indicated that the contin
uous signal, when present, p Ius some of the burst or transient 
signals are transmi tted by surface wave propagation modes. Most 
of the tranS1ents appear to be transmltted by the shear wave mode. 
This informat1on was der1ved by compar1ng the response from re
cessed and surface mounted transducers, where the recessed 
transducer would discr1m1nate against surface waves. 

A prelim1nary model of a high temperature p1ezoelectric 
transducer has been assembled and tested for four hours at 610°F 
and three hours at 680~F w1th encourag1ng results. The transducer 
maintained a sat1sfactory level of sensitivity throughout the 
test and produced satisfactory response up to SOO kHz. The 
f1rst models of this transducer are be1ng fabricated using ~ZT-S 
crystals 1n preparation for monitoring a burst test of a 24" dia. 

.. 
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X 1.7" wall A-I06-B carbon steel pipe 1n collaboration with the 
Battelle-Columbus laboratories. This is w1th the realization 
that PZT-S has a limited useful life at temperatures in the 6000F 
range. Subsequent models w1ll incorporate higher temperature 
piezoelectric materials. 

A requested summary of the acoustic emission program to 
date has been submitted to ORNL for the first installment of 
routine coverage of this topic in "Nuclear Safety", a technical 
progress review publication. 

ASSISTANCE TO CUSTOMERS - (J. C. Fox) 

Shielding 

Several computer codes that have been obtained from the 
Radiation Shielding Information Center at Oak Ridge National 
Laboratory have been made operational on the local machines. 
The test problems for the QAD series (QAD-IV, QAD-B, QAD-PSA 
and QAD-V) were successfully run and the answers obtained agree 
with those supplied by RSIC. The CHARGE code, which computes 
proton, neutron, electron and gamma ray fluxes, 18 currently 
being checked out on the IBM-7090, prior to placing it on the 
UNIVAC-IIOB. 

Throughout the debugging of the QAD codes, numerous problems 
were encountered that were attributed to the method used by the 
110B software to handle indices. This problem will be encountered 
1n practically any case when an offsite code is being made opera
t10nal on the 110B. 

The QAD code is currently being used to calculate the amount 
of gamma ray heating in material test samples that have been 
irrad1ated in the Engineering Test Reactor. 

A library of evaluated gamma ray cross section data is 
being constructed. This library will contain the best currently 
available detailed cross section data and should help alleviate 
at least one problem that has been continually associated with 
gamma ray calculations, namely basic data 1naccuracy. 

Fuels Support 

The results of the calculations performed in support of the 
fuels 1rradiation in the EBR-II have been transmitted to the 
Materials Department. These calculations were made to determine 
parameters, such as reactivity effect and flux depressions or 
peak1ngs, relat.ive to standard EBR-II driver elements. Also, an 
analysis has been made of the plutonium buildup in a depleted 
uranium pellet that is dr1ven by a fast flux typical of that pro
duced within an EBR-II driver element. 

A comparison between calculated and experimental heat genera
tion rate in a uranium oxide fuel pin irradiated in the TREAT 
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reactor shows that the values calculated differ 
from those measured in a transient experiment. 
discrepancy that was noted is attributed to the 
the design of the autoclave used to contain the 

BNWL-S22 

by about 10% 
Part of the 
difference in 
fuel specimen. 

Flux depression factors, thermal flux profiles and plutonium 
isotopic concentrations have been obtained for a plutonium oxide 
fuel sample irradiated in the K-East Reactor. The results of 
these calculatlons wlll be used to determine the average flux in 
the fuel pin. 
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