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..PACIFIC NORTHWEST LABORATORY 

MONTHLY ACTIVITIES REPORT 

DIVISION OF PRODUCTION AND HANFORD PLANT ASSISTANCE PRCGRAh5 

R. S. PAUL 

SUMMARY 

. COLUMBIA RIVER STUDIES 

A new mathematical simulation model to handle reactor effluent dis- 
persion was started. 

Final arrangements were concluded for the proposed test of the 
effectiveness of activated carbon for inorganic ion removal at the Rich- 

.land Water Plant. 

MPOSURE MECKANISS 

The &ole body counter used to measure the burdens of radionuclides 
in Richland school children is being calibrated for persons of small size 
and with different weigh Controlled intake of oysters to height ratios. 
that have accumulated Zn t 5 is being used as one phase of this calibration. 

Persons eating beef reared in the Riverview Irrigation District 
gained about 4 nanocuries of Zn65 after about four months and the consump- 
tion of 20 to 28 pounds of the beef. 



DIRECT AEC SFONSORED PROGRAMS 

COLUMBIA RIVER STUDIES 

Effect of Reactor Effluent on the Quality of Columbia River Water 
(Environmental Studies Section) 

Some progress in organization of the test to determine the effective- 

The 
ness of activated carbon for the removal of selected dissolved inorganic 
ions and total organic material was made despite strike difficulties. 
experimental procedure was reviewed and agreed to by the City of Richland 
on a line by line basis. Radiation monitoring equipment is being assem- 
bled and all city sponsored modification of the plant is complete. Tests 
were planned for the months of August and September. Chemical blanks are 
being run to provide a valid comparison between city analytical procedures 
and plant procedures. 

' 

Initial steps were taken to prepare a new digital simulation model 
of the effluent dispersion of the Hanford reactors in a suitable format 
for potential use at other locations. 
developed on the basis of solution of a matrix of difference equations with 
escape and entry probability adjustment among regions selected on a 
dimensionless equal energy distribution. 
the use of field coefficients with a more general expression derived from 
theory. 

The proposed program is being 

The approach seeks to replace 

MFOSURE MECHANISMS 
(Environmental Studies Sect ion) 

Whole body counting data that were obtained for about 1,000 school 
children in Richland require special calibration factors. These factors 
need to be adjusted for the physical size of each child. To do this, a 
calibration curve will be required for each radionuclide of interest, 
which relates calibration factor to physical dimensions. It is possible 
to construct such curves using phantoms of various sizes assembled from 
ane pound packages of sugar. 
questionable unless verified with hmn data. 
calibration data for one radionuclide to verify the results from phantoms 
and thus establish a reliable phantom design for constructing other cali- 
bration curves. In particular, we will compare phantom and hwnan data 
for calibrating the whole body counter for 21165. 

However, the validity of such curves is 
We hope to obtain human 

Six volunteers were utilized to obtain Zn65 whole body counting data 
for calibration purposes. They were given several meals of oysters, 

, 



1,002 g fcr each persm, and a careful record ke t of the 
ccneumed. The cysters contained absut 45 pCi ZnE5 per g. 

Zn65 abscrbed in each case was determined from excreta 
c:llet;ti:s and analysis. The whole body counter response to each of these 
subjezts was then used to determine the appropriate calibration factor for 
the indivi&Jsl. 
having 1.0 lh b3dy weight per in. of height to adults having 2.5 lb body 
weight per in. cf height. The calculations needed to analyze these data 
are nc.t ye% campleted. 

?'ne individuals used in the experiment ranged from children 

.4n experiment to study the uptake of Zn65 from beef raised on a pas- 
water was completed except for continu- :ure irrigated wi$h CrLumbia Rive 

detect the effect of three meals of beef per week on the subjects' Zn 5 
body burdens. 

icg whcle b%iy measurement of Zn t; 5 in the subjects wh>> consumed the beef. 

z The me35 had a very l~w Zn 8 5 cancentration, which mikes it difficult o 

Zn su8 b2dy burden of 4.1 nCi. This is of the same order as that normally 

After about four months of beef consumption, in which each 
ect ccnsumed 20 to 28 lb of beef, they showed an average increase in 

encmntered in Richland residents resulting from drinking water and normal 
diet. 
pret them and 5,: calculate %he a%-erage fracticnal absorption. 

A mxe detailed analysis of the results will be required to inter- 

Wdrk ccotinued in %he Statistics Section on the analysis of survey 
data obtained frGm spsrt fishermen on the Columbia River. 
being cmducted in cooperation with the Washington State Game Department. 

This study is 

Epimetheas 
(Advanced Concepts and Analysis Sectim) 

The ccquter runs frcm the economics chain which yield parameters 
fcr VESTA input were c>mpleted and the VESTA runs made. 
appears g.-+2d, but has n~t. yet been examined in detail. The data should 
cJmplete the calsulatisn $>f selected by-prsdxct isotopes from operation 
of PWR and HWl'fEi types in the prcjected nuclear power industry. 
prepares a table cf the availabi1it.y of these isctopes with time over 
the next 6c\ yews. 

The output 

"he code 

Cmzw Praducti :n 
(Advanced Czncept s and Analysis Section) 

4- cn-.mputer pr3gram designed t? calculate the possible production of 
Cm isl.t:pes as a functkn c.f time from both Richland and Savannah River 
reac%xs WE& develcped by mJdifying the existing fuel element fabrication 

.. .~. 1 , 

.. . 

OEGLISSlFlEU 



BNWL- 302 

code. It makes 
available the Cm, Am, and Pu quantities and assays at any time along 
with the total program cost. 
routine supplied by DUN, and a special separations routine supplied by 
Isochem. 
cribing their operations. 

This program is now in the final debugging process. 

The computer program uses a special burnup 

In the future Savannah River will supply similar routines des- 

Isotopic Data Tape 
(Advsnced Concepts and Analysis Section) 

The monitor system problem which has prevented extensive use of 
this program is still present. 
programs can be executed on the UNrVAC 1107 until the EXec I1 system 
is reentered into the computer. 

When this program is run, no other 

A document describing the data tape and its use ma prepared and is 
being typed. 

$35 ANALYZER 
(Instrumentation Section) 

Development of specific solid state circuits continued at a satis- 
factory pace fnr the portable gamma spectrometer being developed for use 
by the AEC-DIA in measuring the $35 content of unirradiated reactor 
fuel elements. 

Improvements incorporated in the gain stabilization portion of the 
spectrometer served to simplify initial adjustments needed to indicate 
gain in an accurate fashion. To achieve this, a differential counting 
rate circuit was employed to indicate the difference counting rate between 
two adjacent reference pulse height analysis channels. 
adjustment is accomplished by nulling the difference rate. 
drafting work was initiated on the developed circuits and for the instru- 
ment panel, cabinet, and detector housing. 

Initial gain 
In addition, 

Specific solid state circuits developed and tested to date include 
the double-delay line pulse amplifier, the gain stabilizer, all of the 
counting rate circuits, and the high voltage supply. 



MISSION l* 

ASSISTANCE TO DOUGLAS UNITED NUCLEAR 

SUMMARY 

No measurable difference was observed in diffusion bonding of 
nickel-aluminum with either the direct plate or a zlncate pretreatment. 

MISSION 10 

FXperiments were made in the PCTR on two configurations of the 3/1 

There is a small but detectable difference in the measured 
ratio supercell consisting of 3 enriched (1.25%) drivers and 1 thoria 
target, 
multiplication factor for the two configurations. 

A new experiment was started in the PCTR with the same three 
enriched uranium drivers to one thoria target array as usual in the 
mixed lattice study. 
reduced slightly thus making a change in the amount of fuel and water 

However, the diameter of the driver fuel was 

c coolant in the supercell. 

A need for analyzing plutonium-thorium supercells has suggested the 
development of Kernel Superposition Theory, an.extension of Small Source 
Theory and Heterogeneous Reactor Theory. This approach has successfully 
predicted reactivity measurements in the PCTR. 

A program is being prepared to utilize the punched paper tape output 
of the new automatic foil counting equipment that is to be delivered in 
October. 

An improvement bf the thermal neutron flux intensity in the PC'I'R 
thermal column is being attempted by surrounding the thermal column with 
polyethylene. 

.~ 
MISSICN 11 >. 

Research in code development section measurements is supported by 
both Douglas United Nuclear Incorporated and by General Electric N-Reactor 
Department. 
Monthly contributions appear under Mission 16 in "Assistance to General 

It is also funded under both Mission 11 and Mission 16. 

* For Cross Section measurements partly sponsored by DUN, see page 21. 

10828b2 



Electric N-Resctor Department,'' see page 27. 

MISSICN 13 

The seccsd full-size, aluminum jacketed irradiated uranium fuel 
elenen'; was thermally stressed to failure. 
heating cycle were similar to those observed in the earlier test. 

Physical changes during the 

Plutonium txide particles released frm ignition of a large ingot of 
plutonium were found to have a count mean diameter of 1.2~. 

MISSI3N 14 

Radiochemical analyses i9 radiaarsenic in the effluent from two 
tubes cooled with water containing added AB provided data from which 
the kinetics of the sorption-desorption reactions can be evaluated under 
conditions of n9rmal operation and reactor shutdown. 

BNW computer prclgram LEARN (a non-linear least squares program) 
will be used, with theoretical derivations for radionuclide formation 
in single pass reactar c;olant tubes to correlate the data of the 
recently completed As addition to KJ3 Reactor. 

PROCESS TECHNOLOGY 

Monitoring results indicate that the rate of graphite oxidation has 
increased at B, C, and D Reactors. 



ASSISTANCE "0 DOUGLAS UNITED NUCLEAR 

MISSION 1 - BASIC PRODUCTION MISSION 
Uranium Nickel Plating Studies 
(Chemical Separations Unit) 

A study of some fundamental properties of systems for "pulsed" 
nickel plating was undertaken to establish values for process variables 
to be used in initial tests. 
tion times were made under various conditions. 
famate and Watts plating baths and of a 3M nickel perchlorate solution 
were compared and found to be highest in The sulfamate solution. Meas- 

ured polarization times were greater in concentrated nickel perchlorate 
solution than in the Watts (dilute nickel) bath. 
also increased by increasing the length of time between pulses. 
effects of agitation by moderate stirring and by ultrasonics were com- 
pared in the Watts bath. 
two cases, probably because the energy density transmitted by available 
ultrasonic transducers (0.3 w/c$ at 40 Kc) was not great enough. 

Measurements of overvoltages and polariza- 
The overvoltages of sul- 

Polarization times are 
The 

Measured overvoltages were about the same in the 

Fuel Plating Studies 
(Water Reactor Corrosion and Chemistry Unit) 

Adherent Ni coatings were consistently obtained by electrodeposi- 
tion on a 8001 A1 alloy tubing from a fluoborate nickel bath. Samples 
plated (1) directly on Al, (2) over a commercial zincate pretreatment, 
and (3) over a laboratory compounded zincate pretreatment were heat 
treated at 350 and 4OOOC. Metallurgical examination of the samples did 
not reveal any measurable differences between direct plate and zincate 
pretreatment in obtaining a diffusion bond. 

MISSION 10 - HIGH POWER DENSITY FUEL 

Mixed Lattice Experiments in the PCTR 
(Reactor Lattice Physics Section) 

c 

An enriched fuel and thoria target experiment was started in the 
PCTR when a 3:l target ratio was loaded .in60 a 5 x 5 square arrangement 
cf graphite blocks with a 7.5 in. K lattice pitch. 

In order to derive the neutron multiplication factor of the super- 
cell, with and without coolant, the mass of Cu necessary to compensate the 
reactivity effect of each set of four cells was measured for two different 



fuel t: tsrget gezmetrical relationships. 
gesmetries are illustrated in the f2llowing: 

The two fuel-to-target 

Target Fclel T’arget. Fuel 

Target 

Fuel 

Fuel Fuel 

Remwable Section for PCTR Removable Section for PCTR 
with 5 x 5 Test Core with 6 x 6 Test Core 

Due tJ the thGria being off-center in the square arrangement of the 
center cell, iz was necessary +.:J build a 6 x 6 graphite test core in the 
PCTR fjr the secand seC, of measurements. 

Preliminary results uf these measurements indicate a 2.2% lower 
equilibrium neutron spectrum Cd ratio value in the 6 x 6 test core. 
correct value cf the mass of Cu necessary to poison the cell to a neu- 
tron multiplication of unity increased by 10.7% in the 6 x 6 test core 
(i.e., appr2ximstely 763 g vs. 689 g) . Additional preliminary results 
are listed in the follwing table: 

The 

Cadmium Ratios 

Test Clmditicn 

Wet -Pc issned 
Wet -Unp:i s3ne d 
Dry-P: is xed 
Dry-Unpsisiaed 

We% (grams) 

Dry (gram) 

x 5 Test Core 

5.203 
5.155 
3.900 
4.c59 

Mass c9 C3pper Necessary 
f -2” Unit Multiplicati ?n 

689 
993 

6 x 6 Test Core 

4.910 
Not Derived 
Not Derived 
Not Derived 

763 
Not Derived 



3 to 1 SUPERCELL EXPERIMENT in the PCTR 
(Reactor Lattice Physics Section) 

Experimental supercell measurements were started in the PCTR using 

three 1.25% enriched drivers of a reduced O.D. to each thoria target in 
a 73 in, pitch graphite lattice. 
to the "Mixed Lattice Experiments in the PCTR" (see preceding para- 

graphs), except that the three uranium columns in the test supercell 

have reduced outer diameters. Reactivity measurements are being made 
in the perturbed lattices which, along with the previous experiments, 

will give the infinite medium neutron multiplication factors k.,, in the 

six configurations under study. 

These experiments are nearly identical 

: Measurements were completed in the first two configurations. The 
5 mil Au Cd ratio and the correct mass of Cu to poison the test.super- 
cell to a k, of unity were measured in the completely dry case. 

mass as also measured in the case with all tubes wet except three dry 
U columns in the test supercell. 

The Cu 

Analysis of Plutonium-Thorium Supercells by Kernel Superposition Theory 
(Theoretical Physics Unit) 

Kernel Superposition Theory, an extension of Small Source Theory and 
Heterogeneous Reactor Theory, is being used to analyze PCTR experiments 
on Fu-Th rod supercells. 
method of superposing production and loss kernels for the thermal flux. 
Previous workers have formulated the kernels on a pseudo-variational 
basis, but have lost the possible gains by taking a delta-function 
adjoint at the rod surface. A flat adjoint is now used, since it is 
applicable for moderate absorbers, and production and loss kernels are 
averaged over the volume ofs each rod. 
the errors in reactivity due to errors in the flux, i.e., a pseudo- 
variational method. 
tivity and absorption rates for each rod type. 
a one-to-one cell ratio, infinite lattice experiment in the PCTR, includ- 
ing multi-sectional fuel and absorber rods has been correctly predicted 
by the Kernel Superposition Theory. 

Basically, the theory starts with the Feinberg 

Such averaging tends to minimize 

An eigenvalue matrix is solved for the static reac- 
Specifically, k, for 

The flux shape between a Th and a Pu rod has not been well predicted 
as yet, possibly because the center-to-center distance is used for rod- 
to-rod kernels, while self-interaction is handled by evaluation at the 
rod surface. 
A too-flat thermal flux shape has been found, which is similar to the 
experience of Savannah River. 
independent of the reactivity and relative,abs,orption rate calculations. 

Thus, there may be a linear shifting of the flux coordinates. 

The flux calculation is, however, actually 



Several ather experiments are available which will be used to check out 
the theory. 

Analysis of PCTR Experiments Using WE Fuel 
(Reactor Lattice Physics Section) 

Analysis of the experiments continued to determine the infinite 
medium multiplication factor and thermal utilization of wet and &y WE 
fuel in a 7$ in. graphite lattice. 
Au and Cu, and radial Au Cd ratio matching for wet and dry, poisoned and 

-unpoismed cases. It also includes plots of l+, vs. 1 for wet 

and dry psissned cases. 
1 - flu plots. 
V 

flux distributions in the two unpoisoned cases, and only the two poisoned 
cases remain to be run before the latest graphs are completed. 
calculatims neared cmpletion. 

Graphs were prepared for axial 

Cad Ratio - 1 
Data were on hand to ccmplete the two experimental 

Finally, ccmpu5er sAutions were obtained for the thermal 

General 

Data Ccnversim for the New Automatic Foil Caunting System 
(Reactpr Lattice Physics Section) 

The amaunt and type of programming necessary tcl convert data from 
the new autzmatic fcil counting system's punch paper tape to the usual 
deck cf data cards for input to APDAC was investigated. The cards are 
desired in order to alhw remcval or correction' of poor or incorrect 
individual counts. With the help of Computer Sciences Corporation's 
existing paper tape to tape program and the various options and blank 
routines available, there appears to be no insurmountable problem in- 
volved. A sms.11 addition to the ca5ginal counting system wits ordered 
which will allow the manual punching of additional data on the tape prior 
to the actual cmnting. 
activity data into the program. 

Scme problems still remin in fitting residual 

PCTR Thermal Column Studx 
(ReactDr Lattice Physics Section) 

-- 

A thermal cclumn study was undertaken on the PCTR to determine the 
flux change in the cdumn when the sides and top are wrapped with poly- 
ethylene and Lucite sheets. At present a relatively weak flu is ob- 
served in the column, probably largely due to leakage cf neutrons from 
the sides. 
of the calumn, with a lesser amsunt on the top. 
vertical traverses will be taken and Cd ratios will be calculated. 

Approximately 2 in. of reflector will be applied to the sides 

Three 
Both horizontal and 

measurements were planned: the column as is, one with reflector 
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in place, and one with reflector in place and a void near the center of 
the column. 
to flatten the flux over the region in which foils are usually irradiated. 

The purpose of the void in the last measurement is to try 

MISSION 13 - NUCLEAR SAFETY 

Fission Product Release from Overheated Fuel 
XParticulate and Gaseous Waste Research Unit) 

I' 

The second fill-size, A1 jacketed irradiated U fuel element was heated 
in a steam atmosphere. 
10IO°C in 11 min and held at that temperatore for 20 min. This test wa8 

similar to the first except that the heating period to goal temperature 
was shcrtened 10 min and the time at 10IO°C extended 10 min for an equal 
heating period. 
665% (about 6 min), second from 665 to 81OoC (about 2 min), and third 
from 8lOoC to end of cooling period (about 45 min). 

The 939 MWD/T material was programmed from 380 to 

The three fission product sampling periods were first to 

There were no significant visible physical differences between the two 
fuels during or after the heat cycle. 
at 62OoC with no copious flow. 
highest Al concentration) and rupture of the U-A1 skull and fission product 
releases at the two phase changes occurred as in the first test. 
of U oxide formed was greater as would be expected fromthe longer period 
at the goal temperature and the exothermic U-A1 reaction was again suffi- 
cient to maintain the temperature increase through the phase changes. 

The first molten A1 appeared again 
Swelling (greatest in the regions of 

The amount 

Only the Xe and Kr data were completed for the samples of t e first 
test. The release fractions were 3.6% for Xe13h and 1.2% for Kr 8 5. The 

Xe release occurred as follows: 
10IO°C, and 89$ during the 10 min period at 10IO°C plus the cooling period. 
Fractions of the Kr released for the same periods were O.l$, l2$, and 08%. 

Other than the fractional release of fission products, the most sig- 
nificant information obtained from the first two irradiated fuel tests was: 

(1) the absence of flowing Al, (2) the influence of the U-A1 reaction on 
the rate of heating, and (3) the rupturing of the Uq skull and resultant 
oxidation of the U. 
ture and suggest that the predicted maximum temperature might be low if 
not offset by other conservative assumptions. 
ture and greater U oxidation point to a higher fission product release 
than that which might have been predicted from the tests with unirradiated 
fuels. The release of fission gases at the a-p and f3-h phase changes con- 
firms the data collected by a few investigators during annealing or diffusion 
studies with small specimens. 

2.5% below 765OC, 8.55 between 765 and 

The first two relate to the calculated fuel tempera- 
. 

A higher maximum tempera- 
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.I 

., . 

5E~~A S S IFlEO 



i 
2 BNwL-3o;;jl 

MISSION 14 - COLUMBIA RIVER STUDIES 

Arsenic Addition 
(Watereactor Corrosion & Chemistry Unit) 

For a period of 27 days, approximately 3 ppb of As was added to 
"he effluent the process water cooling two tubes in the KE Reactor, 

radioarsenic concentrations from the two tubes were monitored both 
during this interval and for eleven days after the addition was discon- 
tinued. 
existent in the effluent, will be applied to the interpretation of the 
sorption-desorption reactions occurring in the Al and Zr process tubes. 

The data, and future analyses of the inert As concentrations 

A reactor shutdown occurred during the addition portion of this 
experiment. The effluent radioarsenic concentration immediately decreased 
to about 10% of the pre-shutdown level, and attained a steady release 
rate approximately two days after shutdown. This behavior was different 
from that which occurred after the As addition was terminated, when a 
more gradual decrease in effluent concentration was measured. Com- 
prehensive evaluation of the data is required, but these opposing patterns 
must reflect the influences of temperature and neutron flux on the 
.sorption-desorption reactions. 

Effluent Control Program 
(Advanced Systems Corrosion Unit) 

The theoretical derivation for the study of radionuclide formation 
and deposition in-reactor has been combined with the BNW program LEARN 
(BNWC-86B). 
data obtained from the recent As addition test in KE Reactor. 

Program LEARN will be used to fit the derivation to the 

PROCESS TECHNOLOGY 

Iodine Adsorber Bed Evaluation 
(Part.iculate and Gaseous Waste Research Unit) 

A tentative program was outlined to evaluate the performance of 
individual charcoal iodine collectors using an existing facility. 
modifications were determined and necessary changes indicated to DUN. 
The objective will be to determine the unit collector efficiency for 
radioiodine under.simulated reactor accident conditions of air moisture 
and temperature. 

Facility 

1082869 



Burnout Monitoring - B, C, and D Reactors 
XCeramics and Graphite Research Section) 

Since January 1966, tests have been in progress at B, C, and D 
Reactors to reduce He losses by increasing the amount of C02 in the He 
blanket. 
To determine the effects on graphite oxidation during these tests more 
adequately, two channels in each reactor are being used for burnout 
monitoring samples. The results from the burnout monitors are summar- 
ized in the accompanying table. 

A result of this is to increase the graphite temperatures. 

Although the three reactors were operated under nearly identical 
conditions, they show considerably different oxidation behavior. The 
peak oxidation rates found at EO to 130 in. from the front face of the 
graphite are attributed to oxidation by water vapor. At 165 to 200 in. 
the high oxidation rate is attributed to a thermally-induced reaction 
with CO . 
oxidizeg at the same rate as the exposed monitors, thus indicating a 
homogeneous reaction. Plots of burnout rate as a function of location 
indicate that the maximum C02 reaction rates for 1675-D may be higher 
than those shown in the table since no samples were located at the point 
of apparent maximum. 
be included to monitor the entire channel from 30 in. to 310 in. 

The burnout monitors enclosed in graphite carriers were 

In the future a sufficient number of samples will 

All three reactors exceeded the limit of 2% per thousand operating 
days (%/KOD) ; however, D Reactor was much higher than the other two, 
The history of the samples used in D Reactor was checked and showed 
nothing that would indicate a catalyzed reaction. It is therefore 
very likely that the high burnout rates are a result of high temperatures 
in the moderator. 

Although the data on reaction rates for KS graphite (D Reactor) 
are quite limited, a calculation of the burnout using all of the actual 
reactor variables indicates that a temperature 30 to 4OoC above those 
measured would be required to obtain the high rates observed in D 
Reactor. 

The 4453-KW burnout channel, charged on January 5, 1966, was dis- 
charged May 14, 1966. 
in the reactor shows three locations of peak burnout. 
in. from the front graphite face, 2.2$,/KOD was experienced. 
mum rate is attributed to an oxygen reaction. 
of the reactor where the rate was 0.5$/KOD is attributed to a C02 
reaction. 
may be the result of water leaking into the reactor from the rear face. 

A plot of burnout rate as a function of position 
At a distance 79 

This maxi- 
Oxidation at the center 

This At 330 in. a rate of 7.7%/KOD oxidation was measured. 
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Radiation Detection and Measurement Instrumentation 
(Instrumentation Section) 

Successful field tests on the BNW-modified, pocket-size, gamma 
detection instrument, which provides an aural signal when the'preset 
gamma level is exceeded, have led to a request for similar modification 
of several more units. 

The experimental pocket-size, meter-indicating gamma dose rate 
instrument was completed in breadboard form with chassis-mounted, encap- 
sulated circuit modules. This unit, which provides an aural signal when 
the preset gamma level is exceeded, was delivered to the field for 
demonstration and testing. The final prototype instrument will be 
designed to incorporate any changes determined through the field tests. 

Ultrasonic Inspection of Cooling, Tubes 
(Nondestructive Testing Section) 

Ultrasonic transducers, with improved resolution, were developed 
for measuring the thickness of stainless steel, graphite cooling tubes. 
A simple technique of applying a destructive lens to the front surface 
of a transducer was successfully employed. A spray applicator was 
used for depositing silver loaded epoxy on the front surface of a 
5 MHz transducer, and the rining immediately following the transmitter 
pulse spike was monitored. An improvement of 300 to 400% in the damp- 
ing factor was noted after the sprayed-on lens technique had been opti- 
mized. 
of the transducer resonant frequency. 
of cycles per pulse will remain constant for all frequencies, and 
higher frequency elements should provide proportionately higher 
thickness resolution. However, a compromise between frequency and 
surface finish will be necessary in practical applications. 
lution of the destructive lensed 5 MHz element was found to be quite 
ample for the current graphite cooling tube problem. 

This resulted in a transmitted pulse of only about 3 cycles 
It is expected that this ratio 

The reso- 

Thickness Measurements of Sulfuric Acid Facilities 
(Nondestructive Testing Section) 

It was desired to survey the wall thickness of various tanks and 
Measurements were pipe lines in the 183-KW sulfuric acid facilities. 

taken on the acid head tank located on the roof of the 183 Building, 
on transfer lines leading to the storage tank area, and on one storage 
tank. The survey showed no evidence of any serious wall thinning on 
the transfer lines and storage tank; however, the acid head tank did 
show thinning of about 5O$ near the top of the tank. 
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ADVANCED PLANNING 
(Statistics Section and Mathematical Analysis Section) 

A study was continued to approximate each of several reactor res- 
ponse variables with a polynomial in several input variables. 
is part of a production cost analysis study. 

This effort 
. 

Considerable progress was made on the development of an accept or 
reject decision method for strap-on type resistance temperature detectors 
(RTD's). The method depends upon the fitting of discrete data which have 
been recorded by an immersion type RTD. 
completed and a computerprogram written and satisfactorily tested. 

This fitting technique has been 

The data for this fitting program will exist on a 7090 Fortran I1 
binary tape since it is part of an automatic recording and data process- 
ing report in present use. There now remains the problem of converting 
the data to a form which is compatible with the Univac 1107. 
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ASSISTANCE TO GENERAL ELECTRIC N-RWCTOR DEPARTMENT i 

SUMMARY 

MISSION 1 

Analysis and theoretical interpretation continued on the existing 

The task of assembling the results of four years of ot(E) measure- 

scattering data for ice and water. 

ments, prior to a massive publication endeavor, was continued. 

Work continued on the compilation and evaluation of nuclear data on 
a dozen isotopes for the AEC Evaluated Nuclear Data File/B. 

Examination of N-Fuel failures #18, 19 and 21 continued. Failures 
#l8 and 19 are end associated, and end caps will be examined for porosity. 
Failure #21 is a fretting failure caused by the buggy spring supports on 
a co-product target element. 
ure N-Fuel assembly is in progress. 

Metallographic examination of a high expos- 

Burst tests on two specimens near the ends of a discharged N-reactor 
process tube show a reduction in elongation but no significant change in 
ultimate strength as compared with as-installed material. 
in one of the specimens passed through two fret marks caused by the feet 
of the downstream dummies. 

The fracture 

MISSION 2 . 

Radiometallurgy examination continued on Al canned co-product targets 
containing LiA102 ceramic cores. 
impairment of the integrity of the targets from bulging observed in the 
A1 caps as a result of internal gas pressure. Free gas released from 
targets with lithium aluminate cores fabricated by high energy direct 
encapsulation and by vibrational compaction of bulk sintered powder was 
34.4 and 980 cm3 STP, respectively. 

Metallographic examination revealed no 

Alternate support designs for use on co-product fuels are being 
developed. 
appears to be capable of meeting the design criteria for this type of 
support. 

An end spider in the form of a wheel with four curved spokes 

Mechanical testing of supports of this geometry is underway. 



A special flowmeter was designed and constructed to allow the rapid 

The flowmeter will be installed 
measurement of flow splits between the inner and outer flow annuli in a 
column of N-Reactor coproduct elements. 
in the NPR-PCE loop and will be used to evaluate the effects of various 
coproduct fuel element supports on the coolant channel flow splits. 

MISSIONS 1, 2, 4, 6, 10 

Examination of Zircaloy-2 clad alloy fuel rods irradiated in NaK 
capsules continued. 
fuel rods of two compositions were completed. 
tively high Fe and Al additions is the most resistant to fuel swelling 
of the 17 fuel compositions tested. 

Density measurements on 79 rods and metallography on 
Uranium containing rela- 

MISSION 16 

An improved method for calculating resonance absorption cross 6ec- 
tions in the HRG slowing down code yields effective cross sections 5 to 
10% larger than the original treatment for a typical cell. 
are within 1% of those obtained from a relatively elaborate numerical 
integration. 

The values 

The BNW Master Library System with its associated processing codes 
was modified to store resonance parameter tables with each isotope as 
well as at the beginning of the library tape. The system was also 
altered to correctly treat negative (bound state) resonances. The 
isotopes Fe56, CU, and Cu65 were updated. 

A standard Battelle version of the THERMOS code was created by 
introducing into the original code developments by various authors. 

PROCESS TECHNOLOGY 

Visual inspections of two Inconel tubes removed from steam generator 
4A showed that no observable corrosion was present. 
to be in excellent condition. 

The oxide appeared 

Pitting up to 1/16 in. dim was found in steel process tube nozzles. 

Assistance continued in the preparation of LiA102 pellets for co- 
product target elements and in the drawing of Zircaloy-2 tubing to finished 
dimensions for use as cladding material for the eo-product target elements. 



ASSISTANCE TO GENERAL ELECTRIC N-REACTOR DEPARTMENT 

MISSION 1 - BASIC PRODUCTION MISSION* 

Slow Neutron Scatteri 
(Neutron Physics Sect$) 

Approximately 90% of the existing water and ice scattering data have 
been reduced to double-differential cross sections and the scattering law. 
.Some progress has been made in the analysis and theoretical interpreta- 
tions. 

%fort continued on a paper which presents evidence for the non- 
existence of a bound state of the di-neutron. The evidence is in the form 
of absence of "Wigner Cusp Anomalies" in the n-d total cross section. 
These anomalies should have appeared at the energy threshold for di- 
neutron production, if the di-neutron existed. 
completed. 

The paper is about 80% 

Work ccntinued on the task of assembling the at(E) results prepara- 
tory to the massive publication endeavor. 

Cross Section Evaluation # 
(Neutron Physics Section) 

Work continued on the evaluation of nuclear data on a dozen isotopes 
for the AEC Evaluated Nuclear Data File/B. Progress to date has been 
primarily in the accumulation of recent data and compilations. 
comparisons have been made of total cross sections in the MeV region. 
The experimental measurements of Foster and Glasgow have been found to 
depart significantly from the predictions given in Howerton's semi- 
empirical compilation in the rare earth region. 

Some 

* 
# 

See also page 26 for additional reporting on this Mission. 
Partially supported by Douglas United Nuclear Incorporated. 



N-Reactor Fuel Failure Analyses 
(Metallurgy Design Unit) 

The end cap from Failure #18 (inner component) is being examined to 
Superficial examination has revealed determine its role in the failure. 

nothing unusual or suspicious about the cap. The eutectic braze-weld 
closure is being examined in detail as the cap is being progressively 
sectioned in the transverse plane by grinding and metallographic prepara- 
tion. 

Failure #lg, less its cap, was received for analysis. 
is nearly identical to that of #18, and superficial examination revealed 
nothing unusual nor suggested any reason for failure of the inner com- 
ponent. 
missing cap. 

Its appearance 

Analysis of the failure is in abeyance pending location of the 

Failure #21 occurred in a co-product driver element and the rupture 
appears to be the result of a target element support fretting through the 
clad of the driver at the unclipped end of the target. 
associated with this rupture has been examined in Radiometallurgy and it 
was observed that two of the three supports on the unclipped end of the 
target had suffered severe fretting corrosion. The crown on one support 
was completely missing and the crown of the other support was thinned by 
the fretting attack. 
It had been assembled by hand-sizing the target supports to position and 
fix the target component within the driver. 

The target 

This element was a part of production test No. PT 66. 

Surveillance of N Fuel Behavior 
(Metallurgy Design Unit) 

An N fuel element assembly from the center of Tube 1757 (PTNR 4 
Sup. A) is being examined in Radiometallurgy to characterize the behavior 
of N fuel (100-150 ppm Fe and Si additions). The calculated fuel expos- 
ures are 5200 MWD/T for the outer component and 4000 MWD/T for the inher. 
Postirradiation density measurements made on the fuel indicate 4.0 vel.$ 
fuel swelling in the outer component and 3.0 ~01.5 in the inner. 
theoretical minimum volume increase to accommodate solid fission products 
is 1.8% for the outer and 1.4% for the inner. The uranium microstructure 
in both the inner and outer elements was uniform across transverse sec- 
tions. The structure was severely distorted and had no similarity to the 
initial microstructure. No grain boundary tearing or other porosity is 
resolved by optical microscopy. Metallographic surfaces are being repli- 
cated for electron microscopy. 

The 
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Pressure Tube Evaluation 
(Engineering Materials and Mechanics Section) 

Twc, specimens from the recently discharged N-reactor pressure tube 
were burst-tested. One (#1) was from the extreme upstream end of the 

tube and the other (#) near the downstream end. 
tained a number of fret marks about 10 mils deep produced by the feet 
on the downstream dummies. The results are summarized in the following 
table : 

The #2 specimen con- 

Ultimate 
Hoop Stress Elongation 

(psi) $ 

Upstream Specimen (#I) 111,300 5.3 
Downstream Specimen (#2) 108,500 10.2 
As-installed Tubing log, 000 21 

These specimens have received little or no irradiation but have 
been subjected to the thermal and chemical effects of the coolant. 
ultimate hoop stress has been virtually unaffected, but the elongation 
has been markedly reduced. 
squarely through two of the fret marks that were in line axially and 
about 4 inches apart. These surface defects may have been a factor 
in determining the location of the tube failure, but they caused no 
significant reduction in strength. 

The 

The failure in the #%' specimen passed 

MISSION 2 - COPRODUCT MISSION* 

Examination of Irradiated Coproduct Target Elements 
(Fuel lvlaterials Development Unit) 

Coproduct targets of lithium aluminate (Lao2) ceramic cores 
dmble-canned in A1 and 2-2 were irradiated to characterize their 
behavior and to prcvide irradiated core materials for product extrac- 
tion tests at Savannah River Laboratory. Two I2 in. long by 1.25 in. 
OD A1 canned targets are contained in each 24.4 in. long by 1.44 in. 
OD Zr-2 can. 

Zr-2 and the inner A1 cans were obtained on two targets DE 033, 036 
and SV 240, 247. These samplings were obtained to determine if any 
product gas had leaked or diffused out of the inner aluminum cans. 
Gas v;lumes obtained were, respectively, 9.6 and 16.3 cm3 at STP. 
The tritium content of these samples was as follows: 

Gas volumes and samples fromthe annulus between the 

~~~~ 

* See also page 26 for additional reporting on this Mission. 



DE 033, 036 eo. 01 <o .01 

SV 240, 247 <o .01 <O .03 

These results show no significant leakage or diffusion of product through 
the A1 cans. 

Two Al canned targets, SP-169 and SP-152, were examined in the Radio- 
metallurgy Facility and found to have definite bulges in one end cap of 
each target. 
and He generated and released from the ceramic cores during irradiation. 
Metallographic examination of the weld areas of the caps showed no evi- 

dence of cracking or tearing which would lead to failure or leakage of 
the target in the weld. 
and SV 247, were drilled to measure and collect the contained gas. 
of these targets had a bulge in one end cap. 
using high energy impaction techniques to yield a compact approximately 
88% of theoretical density (p theoretical 2.62 g/cc). 
measured in this element was 344 cm3 at STP. 
by vibrational compaction of LiAl02 which had previously been bulk sin- 
tered, crushed, and screened. Overall density of the vibrationally com- 
pacted target was 68.7%. 
The free gas volume measured in this target was 980 cm3 at STP. 

The bulging was attributed to internal pressure from T 

Two additional A1 canned LM02 targets, DE 036 
Each 

Target DE 036 was fabricated 

The free gas volume 
Target SV 247 was fabricated 

Sintered density of the particles was 82.8%. 

Target Support Development 
(Metallurgy Design Unit) 

Design criteria applicable to an alternate support for coproduct 
fuel were established to be as follows: 
(2) an endurance limit of 15 lbs, based on 10 
axial deflection of 0.050 in. after an initial deflection of 0.150 in. 

(1) 80 rubbing of any Zr surface, 
cycles, and (3) an elastic 

The first criterion is intended to eliminate the fretting problem 
which has been associated with spring-loaded support systems. This re- 
quirement practically dictates that supports for the target have welded 
attachments to both components. 
on assumptions concerning service conditions and in part on comparative 
fatigue strengths of other successful fuels. 
on estimates of maximum anticipated axial deflections resulting from 

growth, thermal expansion and manufacturing tolerances. 

The second criterion is based in part 

The third criterion is based 

Various end-spider designs were evaluated with respect to the above 
criteria. One design, which would be fabricated from sheet material, 

I082819 



appears t3 be capable of 
bility. This support is 
The hub is welded to the 

I. . .. 

meeting the criteria and has manufacturing feasi- 
in the form of a wheel with four curved spokes. 
target and the rim to the driver. This type of 

spider, fabricated from 0.050 in. sheet and with spokes approximately 
0.080 in. width, is the subject of current tests. As with any of the end- 
spider designs which have production feasibility, this concept more criti- 
cally stresses Zircaloy-2 weld metal than do existing support systems, 
and fatigue tests of the welded assemblies provide the most important 
initial information. 

The end support structures based on wire elements were found to 
have marginal fatigue resistance at the points of weld attachment. Fur- 
ther develcjpment of this concept has been deferred in favor of the sheet 

metal parts which allow more latitude in accomplishing the welded attach- 
ment. 

Other contributions to the coproduct problem included a parametric 
study of the characteristics of uniform and tapered leaf-spring type 
supports, statistical testing of the properties of buggy-spring support 
cm.figurations, and a preliminary analysis of an iron-Zircaloy bimetal 
suppcrt concept. 

F~GW Dis3ribution Measurements for N-Reactor 
(Reactor Engineering Section) 

A flwmeter was designed and constructed to allow the rapid meas- 
urement of the flaw split between the inner and outer flow annuli in 
a calumn of N-Reactor coproduct elements. 
installed at the downstream end of a normal coproduct element charge in 
the NPR-PCE loop. It consists of a solid cylinder centered in an outer 
tube. 
have the same diameters as the target cylinder and driver tube in the 
coproduct element at normal in-reactor coolant temperatures. 
of bckh the cylinder and tube are expanded over a short length near the 
middle of the assembly to pravide a reduced flow area. In effect, this 
assembly is an "annular venturi tube." 
cylinder alhw measurement of the pressure differential between points 
in and upstream of the venturithroat in the annulus between the solid 
cylinder and the outer tube. The expansion of the outer tube surface 
was designed to balance flow resistances in the inner and outer annuli 
and, therefore, to prevent the flowmeter assembly from disturbing the 
ncrmal c2lumn flow split. 

This flowmeter is to be 

Over mast of the 20.5 in. length of the assembly, these components 

The OD's 

Pressure taps in the inner 

In the flow distribution measurement experiments, the annular 
venturi will be used to measure flow in the inner annulus between target 
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and driver. 
total flow to the process tube and the flow in the outer annulus will be 
found by subtracting the two measured values. 

A calibrated N-Reactor venturi will be used t3 measure the 

The annular venturi was calibrated against a venturi of known char- 
acteristics in the Hydraulics Laboratory. Thirteen sets of flow and 
pressure difference measurements at a temperature of 609 (15%’) showed 
the pressure differential to be proportional to the 1.954 power of the 
flow rate over a range of 20 to 145 gpm. This exponent differs slightly 
from the theoretical 2.0 because of the effects of friction. Because of 
the desired accuracy of the flow split measurements, it will be necessary 

to perform further hot calibration experiments before the flow split 
tests begin. 

Tritium Extraction from Ceramic Targets 
(Chemical Separations Unit) 

The residues from nine thermal extraction runs were analyzed for 
The starting materials were either 79 or go$ of theoretical 

The reten- 
tritium. 
density and included both lithium aluminate and petalite. 
tion of T by the residues after a 85O0C thermal extractinn varied from 
0.01% after a one hr extraction to 0.005% after a 4 hr extraction. 

Nuclear Safety Specifications 
(Critical Mass Physics Section) 

Nuclear safety specifications covering the shipment of 2.1 wt% 
U235 enriched uranium to the National Lead Company of Ohio in Model 44 
shipping containers were reviewed for N-Fuels Engineering. 

ALTERNATE mm CQMPOSITION - MISSIONS 1, 2, 4. 6. 10 
(Fuel Materials Development Unit) 

An irradiation test was conducted to evaluate the performance of 
seventeen U alloys containing small additions of Zr, Mr>, Nb, Al, Si, 
Fey P and C, in terms of composition, heat treatment, fabrication his- 
tory, corrmion behavior, and irradiation history. Vdume measurements 
were completed on 79 of the fuel samples irradiated in this test. The 
swelling rates for the p heat treated reference fuel in this test were . 

determined for U volume average temperatures ranging from 430 to 58OOC. 
Composition of the reference fuel, designated as Alloy 1, is U + 305 ppm 
Fe + 150 ppm A1 + 185 ppm Si + 762 ppm C. The R values, where 



shcw an increase from 430°C to a maximum of ca. 9 at 455OC followed by a 
decrease to ca. 6 at 555OC. 
increasing swelling rate. 

From 555 to SOoC the data indicate an 

*tical and electron metallography was completed on three irradiated 
samples of Alloy 1. 
burnups of these samples were: moC, 521°C, 56goC, and 0.38, 0.33, 0.39 
at.$. aptical metallography does not show any significant grain boundary 
tears these three specimens. High magnification optical metallography 
and electron microscopy show some spherical and non-spherical porosity 
in the grain boundaries and in twin interfaces. 

The respective volume mean fuel temperatures and 

Metallography was coprpleted on five specimens of the alloy which 
showed the smallest volume increases of all the alloys tested. The compo- 
sitim Qf this alloy is U + 1053 ppm Fe + 895 ppm A1 +l5O ppm Si + 470 ppm 
C. The photomicrographs fromthese specimens are being collected and 
analyzed to determine what influence the high iron content of this alloy 
had on improving swelling resistance. 

MISSIaN 16 - OTHER ISOTOPES 

C;de Develo men& 
-sics Unit) 

Cne of the distinguishing features of the GAM calculational scheme 
for determining the energy spectrum of epithermal neutrons is the method 
cf treating resonance contributions of the principal resonance absorbers. 
The res.snance integrals of individual resonances are found and these are 
cmverted into effective fine group cross sections by dividing by a fine 
energy group flux. GAM, and HRG until recently, has used a 1/E flux for 
this conversim. 
and energy self-shielding effects. A revision in HRG, recently reported, 
has msdified this ueff calculation by using, instead of the 1/E flux, an 
approximation to the flux used in the resonance integral calculation 
itself. 

This procedure has not correctly allowed for spatial 

Although the modified Ueff represent an improvement, the use in the 
flux integral of the Wigner rational approximation to the collision proba- 
bility and the neglect of Doppler broadening has resulted in some uncer- 
tainty as to the accuracy of the improvement. A measure of this improve- 

# Partially supported by Douglas United Nuclear Incorporated and partially 
funded by the 04 Program. 
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ment and its accuracy has recently been obtained by comparing numerical 
integrations of the functional form of the flux with the analytical eval- 
uation used in the HRG revision. The reference numerical integrations 
(B-E) used Doppler-broadened cross sections and "exact" collision proba- 
bilities, while the analytical evaluation (U-R) used unbroadened cross 
sections and the rational approximation. 
at 8 wt$ PuZ4O in Pu02-U02 rods of a representative range of diameters 
in an hexagonal water lattice at 300°K was used in the comparison. 
revised aeff for the fuel rod itself is 25 to 50% larger than the un- 
revised value; this value would be lessened by 2 to 4% if the (B-E), 
rather than the (U-R), form were used. For the more normal calculation 
of a homogenized cell, the revised aeff is 5 to 10% larger than the 
unrevised value; this value would be lessened by 0.5 to 1% if the (B-E), 
rather than the (U-R), form were used. 

The 1.056 ev Puz40 resonance, 

The 

Assuming that this resonance at this concentration represents a 

typical large correction in aeff, the possible improvement in the HRG 
revision is seen to be appreciable and the accuracy reasonably adequate. 

E4RNS-I1 

BARNS-11, the code for producing point or group cross sections from 
the BNW Master Library, was modified to accept parameters for negative 
energy resonances and to permit the resonance parameter table for an 
isotope to appear in the even numbered data record for that isotope. 
these modifications increase the flexibility of the Master Library. 

Both 

TRANS, the portion of the code for calculating elastic and inelastic 
scattering transfer coefficients, has also been mDdified t3 permit down- 
scatter coefficients to be calculated to multiple thermal groups, thereby 
facilitating the coupling between epithermal and thermal spectrum codes. 

A Battelle version of the THERbDS code was created by introducing 
into the original code developments by various authors as follows: 

a. An improved library tape (Suitch, unpublished) was included 
which contains the first moment scattering matrices for a 
number of elements and contains the source terms for all 
elements. 
(including 9 containing first moment kernels). 

Any one THERfa)S case will allow up to 30 elements 



b. The transport kernel modifications for the treatment of void 
regionswere added to the standard treatment. 

c. The cosine current treatment of thF transport kernel was added 
and modified to allow for the input of an energy dependent 
right-hand albedo. 

d. The above calculations of the transport kernels in both cylindri- 
cal and rectangular geometry were placed at the user's option. 

e. A smear option was added which gives punched card output of a 
smeared cell which can be used for region input to a later 
THERMOS case. The cross sections are averaged as, 

f. The anisotropy correction to the scattering kernel was placed 
at the user's option. 

g. The relaxation routine internal to the flu iteration calcula- 
tion was modified to switch the calculation to a standard power 
iteration in case of numeric difficulties (as in the use of 
option f). 

h. The cell editing routine was rewritten and expanded to include 
the calculation of a current as, 

The subsequent cell editing calculations are listed in the 
table. 

OECL ASSlFlEU 
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NEW CEU EDITING CALCULATIONS IN TKERMOS 

Microscopic Values Per Isotope 

Edit Quantity - 
Density Region 

Partial Region 
Density 

Region Smear 

(4 Cross Sections 

Cell Smear 

Region 

Region Smear 

Cell Smear 
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Macroscopic Cell Values 

Quantity 

Radius 

Volume Fraction 

Depression 
Flux (ao) 
and 
Current ( al) 

- Edit Calculation Output 

Region R (region) 

Region dV 

C(vyr) gi(v,r] dvdV S,, Cross Sections (a) 

Region 

(b) Jreg ai (v, dvdv 

and 
Inverse Velocities 

C(v,r) ai(vyr) dvdV 

Cell Smear - 

(a) Abscrption, scattering and fission cross sections are flux (ao) 
weighted and the transport and first moment scattering cross sections 
are current (adl) weighted. 

The inverse velocities are flyx (a ) weighted values. 
(NOTE: 

(b) 
In this case C (v,r) = l/vp. 



BNW Master Library 

?he keV to MeV region of Fes6 and CE was updated t.0 obtain a better 
fit t,-l t,he t Ita1 cross section data by setting the. p(7tentisl scattering 
term equal te zero for the resonances between 10 keV and 10 MeV. 

The thermal (2200 m/sec) value for Cubs absorptim ws correct*ed to 
2.2 barns fram 2.0 barns. 
c.)pper at 2200 m/sec. 

The change yields 3.79 barns fer nstural 

Because of a lack of space, resonance parameter tables are now being 
s5,red in the even numbered records and designated by psrameter table 
number 511. Pny table with a different value will still be found in 
Ee?..rd 2. 
added. 
for many of the less important but still necessary isotopes. 

The ability to use bound state (E, < 0) resfinmces has been 
These changes will allow the use of rescamme parameter tables 

Program UPDATE 

The cc;mputer program UPDATE has been modified to include the resonance 
parame5er +,able for a particular isf3tDpe in its even numbered record. 
This change was necessary in order for the ENW Master Library to contain 
a rescnance parameter table for any isotope when required tr, fit the data. 

Previously, all resonance parameter tables were stored tc\gether in Record 
Number 2; however, almost all of the available stxage space in Record 2 
is being used, thus prompting the change in the system. 

A!AC- I I1 

k new cption has been added to the 1137 verslm c?f the fdl process- 
ing ccde, APDAC, which allows for the input of a f,Til half life for use 
in the decay correction calculation. 
necessary to specify a material type of 13. The half life (in hcurs) is 
then input in Columns 41-50 of the foil data. control card. 

For this particular cption it8 is 

PRXESS TECHNOLOGY 

Inspection irf Inconel Tubes 
(Water Reactor Corrosim & Chemistry Unit,) 

TWG Inconel tubes were removed from N €?ea.ctor steam generator hl 
t.3 determine their condition after one year of operation. 
visually examined and appeared to be in excellent cmditicn. 
was cwered with a shiny, dark olive-colored oxide. The 00 (secondary 
side) had a shiny, olive-colored oxide covered in mzst lccations with a 

They were 
The ID 
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dull black deposit, presumably iron oxide. 
appearance but this proved to be deposited material only. 

One area of the OD had a gritty 

The tubes were decontaminated and submitted for nondestructive and 
The oxalic-citric decontaminating process metallographic examinations. 

readily cleaned the tubing. 

Oxide weights on the ID and on shiny areas of the OD were 17 to 

In comparison, oxide weights on 304 SS tubing 
23 mgidu?. 
the OD was 62 mg/dm?. 
remwed from other steam generators have ranged from 19 to 148 mg/drr?. 

The oxide weight at a region where a deposit existed on 

Inspection of Process Tube Nozzle 
(Water Reactor Corrosion & Chemistry Unit) 

The front and rear forged steel nozzles removed from an N Reactor 
process tube after 1 1/2 yr of operation were examined. 
were almost all dull and gray-black in color. 
approximately 1/16 in. diameter were observed. 
were associated with wear marks by the feet of fuel element spacers. 
Detailed metallographic examinations of the pitted areas and analyses 
of the oxides were scheduled. 

Oxides present 

Most of the larger pits 
Numerous pits up to 

Target Element Development 
(Fabrication Metallurgy Section) 

Assistance in pellet fabrication was continued for the Coproduct 
Demonstration Loading. 

A portion of the green pellet production of GE-HAPD continued to 
be sintered by BNW which also provided technical guidance in the areas 
of pelletizing and powder preparation. 
processing parameters for each step of the pelletizing process are being 
studied and their,effects on pellet density are being cataloged. 

Possible improvements in the 

A study of abnormal powder behavior (RL-GEN-1084) indicated that a 
small variation in the manufacture of the lithium aluminate powder was 

responsible. 
tory of powder. 

Another study is underway to characterize the current inven- 

Target Element Cladding Development 
(Fabrication Metallurgy Section) 

To date, 7,348 ft of Zr-2 tubing has been vacuum annealed, reduced 
in diameter by approximately 1/2 in., stress relief annealed and stretch 



t=trRigh:ened f\sr use as target element sheathing. 

.@lS bf the tabes processed prior to July 19, 1966, were stress relief‘ 
annealed, by resistance heating, a% 600 to 620% in air and then stretch 
st mighte3e3 at room temperature. 
wscmbliez by PRD resulked in excessive b:wing due t-3 the relsxing of 

resid&l strezses and the variatims in wall thi8:kness ,? t!ie Zr-2 tubing. 

Subsequent au”,o-laving rf target 

In an e,t%empt to carrect this bcwing prinblmn, the sttress relief anneal- 
ing was omitted but the next 24 tubes were resistance heat,ed to 300°C (the 

aut:l-laving temperature) during the stretch straightening flpera.t,ion. These 
24 tubes showed less tendent2y to bow but the .::8nditi n m? r- t s1Sficiently 
impr,-ved. 
ened 8% this temperahre. The tube is al1,wed ? s e’: 1 undw- tencion. The 
few tubes autoclaved after this latest procedure have shown still less ten- 
dency to bow. 

?’he remining 92 t,ubes are being heated t 7 61il’~ and straight- 

*e-Load Ehrichment Tester 
(Nandestructive Testing Systems mgineering Unit) 

All epipment for the 100-N fuel enrichment tester, hich measures the 

Design cf the 

Late delivery of the equipment by the vendcr will delay comple- 

gamma emission from $35 in the fuel wre, was received and assembled. 
Develqxnent of the timing and gating circuits was sterted. 
scinfillation pmbe shield and housing was completed and febricstion 
started. 
tisn of this prcject by about 1 1/2 m. 

Radit-graphy of Fuel Element Weld Closures 
7ndes C,runtive Testing Systoems Engifieering Urit.) 

Assistance was provided in continuing the radic.graphic inepecti-,n 
of 1it.hPm-aluminum clad fuel elements to mmitor the qm.lity nf the en3 
cap c1wx-e weld. 

Transducer Develcpment 
(Norid est.r.uctive Testing Sys tems mg ineer ing Unit) 

Eff4:..rt ::rnt;inued to develop ultras,-;nic .t:!’~jns?;!c:er s wi ? h imprrvcd 

res,?lx%icn and sensitivity fm various fuels 3.es.ting applicst.ir!ns. A. new 
supply f.f lithium snlfake elements w3.s prr\cwed and a. di ff :.rent. technique 
fcnr obtaining t-hi-mer (i. e., higher frequency) el.emects FTSS invest.igst.ed 
with very promising results. Since lithium sulfate is E ;hble in water. 
an s-tt.empt. was made t.0 water etch a crystal by submerging A. 15 mil thick, 
elemen!; in methyl alxhd with a wat.er ccntent of one part. per ?,fimsan(.l. 
?‘?e c:ry.??xl was remcvved fmm the sdution at int.ervs1.s md i?? ?.hic.b-ess 
me?s.r.med. It. ~rzs found that the alc.:h,:l-water s-tly?;i~-~n rcrnI--Jed me mil 

IIECLISS IFlED 



per hwr with both sides exposed. It is expected that by depositing a 
thin layer of quartz, or a metal electrode, on one side of the crystal, 
and dissolving the opposite side only, thicknesses down to one mil can 
be cbtained. It was observed microscopically that the surface finish 
fGllowed the original crystal surface and that the crystal dissolved in 
small micrcscopically thin flakes. Crystal thicknesses of one mil will 

result in resonant frequencies of about 75 MHz which is more than double 
the high frequency response of commercially available elements. A patent 

disclosure report was prepared which describes both the quartz sealant 

and the water solute etching techniques for fabricating ultrasonic trans- 
ducers. 

PZT-5 ferroelectric material was successfully deposited on an Al 
electrode but proper polarization could not be accomplished. 
in the deposition technique are planned and this experiment will be re- 
peated using both PZT-5 and two types of barium titanate. 

Refinements 

Downstream Spacer & Fuel Element Vibration 
(Nondestructive Testing Systems Engineering Unit) 

Vibration studies continued on the interference-fitted N-Reactor 
fuel assemblies; however, the program goal of developing a method for 
detecting potential fretting corrosion was enlarged to include evaluation 
of the support design as a result of recent flow tests at 189-0. 
necessary to determine the characteristics of the vibration to permit 
design madifications to control the problem. 

It is 

Lmgitudinal vibration of a fuel element target under simulated ser- 
vice conditions (pressurized water flow at elevated temperature) in the 
N-Reactor test loop at 189-0 was successfully measured using a commer- 
cial accelerometer. The accelerometer was mounted in a recess at one 
end cf the target and covered with epoxy to protect it from the water. 
The lead wire was brought out of the tube through a swage-lock pressure 
fitting. 

Initial analysis of the data indicated that the target was vibrating 
at its langitudinal resonance frequency (ea. 230 cps) with a peak tc! peak 
amplitude of about 0.0005 in. 
element was vibrating laterally but this could not be measured directly 
with the arrangement used. 
ticn alcng all three axes will be monitored. 
different sensing technique, also have shown several low frequency 
resonances in the buggy-spring mountings. 
scjmewhat dependent on fuel assembly orientation; however, they all lie 
between 100 and 300 Hz. 

There was also some evidence that the target 

A subsequent test was planned wherein vibra- 
Other studies, using a 

The resonant frequencies are 

The driver fuel has apparent beam resonances at 



and 1200 Hz. I'he flow test results have not shown ar,v resmns for the 

different resonance characteristics found among the fuel assemblies. 

Vibration Studies 
(Systems Analycis and Simulation Unit) 

Spectral analysis of some recorded fuel element vibration deta was 
received from N Reactor personnel. 
information to be clipped. 
was observed to be a function of the recorder electronics used. Calibra- 
tion of the electronics must be accomplished before the data are analyzed. 

Attempts to replay the dRta showed the 
The degree of clipping on the recorded data 



MISSION 1 

ASSISTANCE TO ISOCHEM 

SUMMARY 

In studies of the dissolution of Zircaloy, hydrochloric acid only 

was satisfactory for use as an acidic anodic dissolution medium. 
Anodic dissolution is also possible in alkaline systems involving 
hydroxide and carbonate. 

Dibutyl phosphite (TBP(II1)) was shown to reduce Pu In a typical 
Purex extraction system when the system was exposed to ultraviolet 
radiation. 
was reduced to the trivalent state. 

Within the limit of error of the measurement, all the Pu 

MISSION 7 

Subcritical neutron interaction experiments were performed with 
bare and Plexi las reflected arrays of bottles containing aqueous 

determined for various spacings. The experiments provide data for 
nuclear safety guidance in handling, storage, and shipment of this 
material, and represent the first data on criticality of interacting 
arrays of $33 solutions. 

solutions of U 5 33. The critical numbers of bottles in arrays were 

Adequate stripping of uranium from DSBPP was obtained in miniature 
mixer runs testing a study flowsheet for.solvent extraction removal of 
U232 decay products from product U233. 

MISSION 2 

Ekperiments were completed which .showed that essentially no 
carbsn monoxide disproportionation occurred on exposure of the gas to 
bismuth oxide when a silica glass system is used. If on the other hand 
stainless steel was involved in the system, significant disproportiona- 
tion occurred. 
tion will be important if this process is adopted. 

It is apparent that the choice of materials of construc- 

MISSION 10 

British alloys, candidate high power density fuels, dissolve in nitric 
acid at about the same rate as ingot uranium. 

1082892 



DECl ASSIFIED 
MISSI'JN 15 

k'xk was started to define the conditions which ccntrz.1 the amount 
of Sr and rare earths carried by solids in the Fwex anid wastes. 

FYeliminary solvent extraction studies have indicated that Am and Cm 
behave &imila.rly in DBBP and D2MPA-TBP systems. 
isolating a pure cut is good, but partitioning by pH contr.71 does not 
seem to be a practicable prospect. 

"he possibility of 

The procedure previously defined for increasing the lgading of STT 
casks with Cs137 was verified by Isochem in recent Cs shipments. 

Labctratory experiments conducted to determine p.ntentifi1 Cs losses 
from cocurrent ion exchange loading and elution operations indicated 
acceptable losses at double elution volumes, compared with countercurrent 
loading and elution requirements. 

v 

A commercial catalyst and Linde 13-X zeolite are being evaluated for 
use in the catalytic oxidation of TBP-NPH wastes. 

FIICCESS TECHNOLOGY 

Conditions were defined for the recovery of Pu values from 234-5 
Building sump wastes. Although some fluoride exists, the presence of 
Al shmld be avoided to achieve acceptable distribution coefficients 
with Dowex 50 resin. 

The installation of equipment required to ccnduct a series -\f Zir- 
flex process studies in the 324 Building has been completed and the cali- 
bratim of the equipment is in progress. 

Differences observed in Zircaloy dissolution and 304-L cv-r-lsim in 
Zirflex decladding solution prepared from (1) Redox plant, chemicals and 
(2) C. P. chemicals were not confirmed in tests wi%h another sample cf 
Redox chemicals. 

The 1SOSHL;D program is being extended tt) include a pr:lirisirm fx 
treatment of Bremsstrahlung spectra in shielding and energy depositicn 
problems. The necessary physical data have been cast in fvmats suit- 
able t\j the computational logic presently in flow-chart fxm; sme 
ccding was completed. 

1082893 



ASSISTANCE TO ISOCHEM 

MISSION 1 - BASIC PRODUCTION MISSION 
Zircaloy Decladding Studies 
(Chemical Separations Unit) 

Anodic dissolution of Zircaloy was attempted in all the commonly 
available acids and combinations of acids and salts. 
acid gave satisfactory dissolution and stable final solutions. 

Only hydrochloric 

Fluoride catalyzed dissolution systems containing low concentra- 
tirns of fluoride are not practical because, as dissolution proceeds, 
F ion activity is decreased by Zr complexlng and catalysis is 
inhibited. 

According to the literature, strong caustic converts Zr fluoride 
to the hydrous oxide which in turn is soluble in ammonium or potassium 
carbonate. 
NH@ and (NH4)$!03. 
remains to be investigated. 

Zircaloy can be anodically dissolved in a mixture of KOH, 
The extent of dissolution relative to the F content 

Tributyl phosphite (TBP(II1)) has been shown to serve as a reductant 
for U(V1) under the influence of W light inaa simulated lBXF solution. 
The stoichiometry and kinetics of this reaction are now under investiga- 
ticn with the final goal of determining the process compatibility of 
TBP(II1) as an alternate reductant in PURM-type processes. 

The intent of recent experiments has been to determine the behavior 
of the Pu distribution ratio in extraction systems containing TBP(II1). 
,The addition of TBP(II1) to a typical Purex extraction system contain- 
ing U and Pu followed by exposure to W radiation resulted in a change 
of distribution ratio from 3.lto 0.07, typical values respectively 
for Pu(IV) and Pu(II1) under the conditions of the experiment. 
low distribution ratios were also found when an aqueous phase contain- 
ing Pu(IV) was extracted with standard Purex extractant to which had 
been added about 15% of the TBP(II1)-containing extractant used in the 
above experiment. 

Similarly, 

Evaluation of the data indicated that within the error of measure- 
ment, all the Pu had been reduced to the trivalent state in these experi- 
ments. 



N - Me tallic Mterials 
(Materials and Process Chemistry Unit) 

-4 pressure sensitive polyethylene tape on a stainless steel substrate 

No observable change occurred during 
W~S tested in the liquid phase and in the vapor phase above several typi- 
cal separations processes solutions. 
ten days exposure to 50% NaOH. During 10 days exposure to 60% HNO3 the 
tape separated from the substrate over about 10% of the surface in bvth 
liquid and vapor phase. The tape swelled rapidly and failed completely 
during 24 hr exposure to both liquid and vapor phase of -ex HAX, Recuplex 
CU and hexone. 

Pap ?.est and Evaluation 
(Prrzess Systems Development Unit) 

A new pump test stand was completed and placed in operation in the 
engineering development laboratory. 
performance and life tests were initiated. These include a Weinman 
liquid ring pump which is of interest because of its ability to handle 
entrained air or vapors; and two canned motor pumps being evaluated as 
rep1acement.s for the standard plant canned pumps. All units are under- 
going an init.ial 500-hour test using water; nitric acid at a. temperature 
of approximately 90°C will be pumped for the remainder of the tests. 

Three new pumps have been installed; 

MISSION 7 - URANIUM-233 PROGRAM 

Criticality of Interacting Arrays of $35 solution Containers - 
(Criticel Mass Physics Section) 

7- 

The first data on criticality of interacting arrays cf aqueo?ls I! 23 
Subcritical neutron multiplication experimtn',s solrltions were obtained. 

were performed with bare and Plexiglas reflected arrays of bottles cm- 
taining uranyl nitrate solutions, UO~ (~03)2, at a concentration of ca I 

330 g U233/.l. The experiments provide data for nuclear safety guidance 
in handling, storage, and shipment of this material. The datri were al?-. 

needed for checking theoretical methods of predicting criticality ?f 
arrays. 

The polyethylene bottles were 18 in. in height with sn C9 of 4.74 
in.; the wall thickness was 0.10 in. The bottles were partially filled 
wi?h solution, with the average depth being about E in., and the ursmium 
content ca. 960 g U233 per bottle. 

The arrays were assembled on the Remote Split-Table \is chine, ut i li z- 
irx the inverse neutron multiplication technique to estimte the critizal 



number of bottles; the critical spacings for fixed number square arrays 
were also determined. In the reflected arrays the Plexiglas was touching 
the outside surface of the exterior bottles comprising the array. A low 
density A1 honeycomb was used to maintain separation between bottles. 
In the non-reflected arrays, stability of the outer bottles was maintained 
by an Al frame magnetically mounted on a 0.05 in. steel base plate. 

honeycomb was used to support the baseplate and reduce neutron reflection. 

A1 

In addition to the experiments on bare and reflected arrays, Lucite 
sheet was positioned between the bottles in some cases to determine the 
effect of internal moderation, such as might be brought about by partial 
flooding or by materials used in the construction of bird cages, etc. 

The results of the experiments completed are summarized in the follow- 
ing table. 

A single row of nine bottles was found to be subcritical when unre- 
flected; extrapolation of the inverse multiplication data indicated sub- 
criticality for an.infinitely long line of bottles. The critical number 
for a single line of reflected bottles in contact was estimated to be 
between two and three. It is noted that the critical spacing with four 
bottles was increased from 2.18 to 2.66 in. on placing a one-inch thick 

Lucite plate between the bottles, which for this case represents the 
maximum effect of internal moderation. 

DSBPP Solvent Extraction Purification of ~233 
(Materials and Process Chemistry Unit) 

Miniature mixer settler runs testing the extraction-scrub column 
of a study flowsheet for removing U232 decay daughters from U233 
product using di-sec-butyl phenylphosphorate (DSBPP) as solvent gave 
good U recovery and decontamination from T, P, and Pu. The study flow- 
sheet strip column, with twelve mini-stages and a strip solution 
(XX, 0.OlM HNO3) volume equal to the organic feed (UP) volume, gave 

flow ratio of 0.75, U loss to the 1CW was 0.2%. 
ienced in obtaining complete U stripping when as received DSBPP was 
used in preparing the UP but this problem was eliminated by washing 
the DSBPP with 3% Na2C@3, lJj HNO3 and water prior to UIP preparation. 

'* U losses t; the strip column waste (1CW) less than 0.1%. At a lCX/IAP 
Difficulty was exper- 

Agitated Trough Calcination Studies 
(Engineering Development Unit) 

Three denitration runs (3M "h(N03)4 feed solution) were made in 
the 4 in. dim agitated trough-calciner. 
with water feed and at agitator speeds of 60, 85, and 120 rpm to obtain 

The calciner was also operated 

... 



DECUSSIEIEII ' 

.- INTER~-C'II~:N DATA ON CRITICALITY OF BOTTLES OF U233 SOLUTION IN AIiR9YS 

Surface-to-Surface 

Conf ig- Spacing, 
Prscript ion uration Critical Number Inches 

Bare Single RDW 1 x 9 Subcritical 0 

Bare Dbl. Row 2x3 6.1 0 

Bhre Lattice 3x3 9 0.60 

Bars La+tice 4x4 16 1.16 

Gefl. Single Row 1 x 2 Subcritical 0 
1 x 3 Supercritical* 0 

Refl. Single Row 1x3 3 0.60 

Refl. Lattice 2x2 4 2.18 

Eefl. Lattice/*" Mod. 2 x 2 4 2.48 $" Lucite MI. 
Between Bottles 

F.efl. Lattice/3/4" Mod. 2 x 2 4 2.58 3/41f 1) 

Refl. Lattice/l$" Mod. 2 x 2 4 2.50 I-,- 1 It 11 1. 

Eefl. Lattice/l" Mod. 2 x 2 4 2.66 1" If I 

3x3 9 3.98 Fefl. Lattice 

Bbre,/l" Luci te 2x3 6.3 1.00 1" Lucitc t.7 .:i. 

B.re/'l'' Lucit e 3x3 9 1.60 'I 

Between Mttles 

1 

-?t Frrm the neutron multiplication measurements it is apparent that 3 
b ztles wculd have been supercritical if assembled in contact. 



supplementary heat transfer data. 
W&E in prcgress. 

An analysis of all the operating data 

MISSION 9 - POLONIUM-210 

Bi/BipOq' Catalysis of CO Disproportionation 
(Heavy Element Chemistry Unit) 

The possibility of the disproportionation of carbon monoxide during 
the CO reduction of Bi20 was investigated, since it is known that other 
mets.1 oxides or their re 2 uction products cause such disproportionation. 

These experiments involved the passing of CO over known amounts of 
The gas flow rate 
Subsequently the 

Biz03 at temperatures ranging between 500 and 700°C. 
was measured before and after passing over the BiZO3. 
mix%ure Gf C02, produced by the reaction, and the unreacted CO were passed 
through a C02 absorber and the gas flow rate measured again. 

after passing over the Bi203, so it can be concluded that little CO 
disproportionation occurred. 
additional observation that the amount of C02 generated could be almcst 
exactly accounted for by the stoichiometry of the equation 

There was no detectable difference between the flow rates before and 

This conclusion can be supported by the 

Biz03 + 3CO = 2Bi + 3CO2. 

The amant of C02 found never exceeded that calculated on the basis of 
the ab.me equation. Positive deviations could be interpreted in terms 
cf catalyzed dispropartionation of CO. 

These experiments were done with a silica glass ("quartz") system. 
W-en a stainless steel sleeve was inserted into the system and CO 
passed thrmgh, there was significant CO disproportionation which was a 
function of the stainless steel surface area. If the CO reduction prcr- 
cess is to be seriously cmsidered, the surface catalysis by the con- 
tainer material should be investigated. 

MISSION 10 - HIGH POWER DENSITY FUELS 

Dissolution of High Pawer Density Fuels 
(Materials and Process Chemistry Unit) 

Among candidate fuel materials for use at high power densities in 
Hmfcrd reactors are U metal alloys containing (1) 800 ppm Fe, 350 ypm A1 
and (2) 800 ppm Fe, 350 pprn Al, 350 ppm Si (British alleys). Instantaneous 



DECLRSSIFIEO- 
dire lb+,i n ra!es cf these allzys unirradiated were c.--mpsrable t 
.=ligktlj 1-wf.r 5hsn rates for unirradiated dingA ursnPm ir! ?-le' M !IIJ'',. 
En,cily sentzifuged white s -lids (pr jbably silica) precipltsted whc-x +he-' 
sili: - n-.:intaining allcay was diss5lTred in E.4- 'M HN@? t? yield I 2.6M 

7; *. $',?I ,; ? s,dutia. -4 F'urex pracess feed sclution L4F) prey:ir~d fix rn 
+.hi: s 1;fi-n (E +lids rem-ired) showed norm31 disengagir-g behwior w';en 
-- ~'s-red with 30% TBP-NPH eolvent. 

rr 

-- 

Pli* .nim Aer-s I Studies 
! Psr- ic-ulstr ani ire.ee';=Ls Was-Le Research Unit) 
..e--. -- ----- 

F17L:-nium cJxide particles entrained by air passing -<rcr 3 1-70 

ing .t f f "as-cast" alpha Pu during oxidation above igniti n t?mperat,uPcc 
+rere examined by electron microscopy and a size distribu5i-n W?F deter- 
mired. 
lase as 1811; the freq7Jency distribution curve did n-jt fitY a linear 1'1 + 

&-n l?g-nrmnal prt;bability paper. 
a MM3 r,f 4.2s:. 
&sing cIxidatJic-n was relatively high; hence, larger psrticles were en- 
trained. 

fhe pssticles cwered a range of sizes fr3m submicrm !: RS 

The count median diameter was 1.2~ wi+h 
The air velocity selected for sweeping the specimens 

Very few, if any, particles were larger than irdvlsble par<i,:les. 

u- Criticality SLtfety Orientaticn 
l.I:ri<iml GEM aysics Section) 

-4 Criticality Safety Orientation cowse was presented t: :\ tbrenf.y new 
technics1 employees. The course consisted of five I$ hr. lez+-rres n 
the subject uf nuclear safety and criticality control practices. 

'IL, facilitate nuclesr safety and criticality cslc ~li' i QS, +he 
G.4YIEC.-11 CJde was m2dified t? punch both macrcscnpic Qnd micr s:-~'ii- 
crr:ss secti-n dsta ftsr the DTF-IV Transport Theory C de. The r de Fr-?"- 

i uely packed mz-,rtsc.gi? data only. The DT'F-Iir r, de WAC 81~7 rn dif'ipl 

ing . 
u+,ilize (3 :r_rectly ?,he 3BZ leakage approximatinn f-r anis +-rrlpic 33:'er- 

?urex kid Waste St-Jdies 
!Chemica.l fiesearch Secti :n) 
I__- 

W :rk hss stqrte~ which will define the conditions c-ni-r lling the 



am?unt sf Sr and rare earths carrying on the solids in Purex acid wastes. 
"he effect of H+ and SO4' was studied on synthetic PAW and the following 
observa%icns made. 

a) In the abEence of Si92, Zr, Mo, Sn, and Ba a solid is formed 
on heating when the SO4' exceeds 0.5g and H+ is less than 

Little cr no Ce cr Sr is carried on the solid unless the s04' 
is 1.OM - or higher and the H+ is less than 0.6M. - 
The amount of Ce and Sr carrying increases with the length of 
time of heating . 

Log. 

b) 

c) 

d) The solid formed is quite insoluble in 1.Og acid. 

The effect of the absent; components will be studied on an individual 
basis. 
current plant P-4W. 

Ekperiments will also be undertaken using a 40 gallon sample of 

!t'rans-Plutmium Solvent Extraction 
(Zhemical Research Section) 

Wcrk has begun to expand our knowledge of Cm behavior in the 
DBBP-CC14 and D2EKPA-TBP-NPH sclvent extraction systems. The informa- 
tim sought includes relative extractability of Am and Cm, effect of 

canpl.exants on Am and Cm distribution ratios, possible separation of 
Am and Cm in these systems, possible oxidation of Am by peroxysulfate 
and stripping characteristics of Am, Cm, Eu and Ce from the DBBP 
system. 

Preliminary results shclw similar distribution ratios for Am and 
Cm in bzth of the DBBP and D2EXPA-TBP systems tried, thus providing 
cmditicns for recovering a clean mixture of the two. 
date indicate that partition by pH control is not promising. 

Experiments to 

Cesium-Decalso Studies 
(Chemical Research Sectizn) 

Two successful loadings of STT casks with 60,000 Ci of Cs137 were 
made by Isochem, thus verifying the laboratory developed procedure. 
Current effort is aimed at reducing the dilution water from 100% of 
feed tc. lo$, the minimum believed necessary to prevent precipitation 
in the loading step. This should be possible if external cooling is 
used t=. control temperature (rather than water dilution). A test 
will be conducted using an a.vailable PNL cooler which is part of the 
High Level Radiochemistry Facility auxiliary equipment. 

..! 



DEI 1hSS IF IBI- 
- In-Tank !5- lidif icatim 
(pr :'em systems Devefnpment Unit) 

ueview :.f the program far in-tank solidificatim of strxred wwtes 
res-IlCd in a deeisim to perform additional pilot studies using Fimu- 
lsted wastes. The basic purpose will be to confirm result#s nf esrlicr 
tests using new information 3n actual waste compmition and visccsit,ies. 
Pil3t scale tests will be directed toward firming up circulsti4.n rates, 
szlidification characteristics, and hot waste transfer feasibility. 

Ln the Statistics Section a study was continued to formulate R nr~Jcl 

f. r assessing the cumulative error in the continuing wasfe tsnk invent'ry 
cIf rfi.di'%"tive is. t.3pes. 

Llkdine Wsste Treatment 
(WatF.r and Wastewater Research Unit) 
-1 

Laboratcry experiments were conducted to determine pDtentisl Cs wastc 

Downflow loading and elutinn mqy be ncccs- 
l.:sses when it is loaded on and eluted from a column of P'GJ 500 zeolite 
in ?Ae same direct.ian of fhw. 
sary in t5e B Plant Cs rec.:Jvery pracess if zeolite bed expansiLJn is a 
pr.bl.?m with upflsw elutir-,n. Fifty column volumes of simulatcri -ex 

alknline supernatant solutim were pumped downflow at 2 cr,lumn vr->lunes 
~er 11-ur thxrmgh a cclumn of AW 500. 
c,f the lc,a.ding cycle and the total waste loss was less than 1%. 

zclim- W%E elu-lied dmmflow with 8 column volumes of 3E (NHq!;l!:Oj + 
2M .- IVH4,:'H a.t 55'X (specified in current flowsheet). 
wi+-h 3 c?lumn vs?lumes of water and loaded downflow on the s~cwd 1c\?.linf.7 

cycle t.:! 5@ crlumn volumes at 2 column volumes per hour. Ini!.i91 C's 

breakthr2ugh was h2$ which decreased to 10% a.t the end 1.f the cycle. 

tr:?%l ws5e less was 21%. 
d!.wnfl!w elutsi\m vAme must be increased tc. reduce waste lm?w fJis a 
trlerable level. P! third elution cycle was made under the same cwditi-n? 
8E tk.e see::.nd except that. the elution volume was dciubled t: 16 c< ltlmn 
v:-lmes. Waste 1-nssea were then reduced to less than 1% dlxing subc.pq;xn* 
l(,adin@. The wmk will virkinue to more clcsely define the sm:ilint .,f 
elu?,&nt. needed frlr this meth:d af operation. 

Cs breakthrough was 14% at +.he en:! 
The 

The cnlumn w.js m:-?-~i! 

TI!#. 
As expected, the results clearly sb.-w that. ;!;? 

Ca+%lyi-ic i'xid.ttic;n of Organic Wasses 
(Water and Waste Water Research Unit) 

A catalyst supplied by W. R. Grace Company and Linde 1.j-X zeplite ?re 

beicg evsltlated fcr me in the catalytic oxidation of orgpnic wastes. 



Grace catalyst #908 at a temperature of 150°C starts to react with 
3C-70$ TBP in NPH in two minutes. 
at abrxt 600'%, by ccntrolling the air fuel ratio, but temperatures of 
1030'C are cbtainable. In a 6 hr run 190 ml of fuel was consumed on a 
log catalyst bed (2-0.5 mm diam particles). 
as a black residue in the fuel vaporizer. 

Reaction temperatures are normlly kept 

About 7% of the fuel remained 

Ce tcr Na-based Linde 13-X initiates oxidation of the same fuel at 100°C 
and ctherwise behaves sidlarly to the Grace catalyst. 

P!?XESS !IEC!HN:,\L%Y 

('-Tell Equipment Installatijn 
(Chemical Separatims Unit) 

:%e equipmen% installatizn in C-Cell for reprocessing irradiated Tip 

was sl-wed by the lack of craft maintenance personnel. 
plates and heat exchangers are t3 be machined off-site. 

The column end 

Neptunium Chemistry 
7~h~mi~~1. Separations Unit) 

Effczts ts; learn more about the nature of the material ff:rmed by 
dismlution of U (c mtaining carbide impurity) which accelerates the 
oxidatim of neptunyl(V) to (VI) have continued. Neither of the soluble 
crganic mterials (cxalic acid and mellitic acid), which hFve been 
identified at CRNL as products of the reaction of U carbides with nitric 
acid, was fsund to accelerate the oxidation of neptunyl(V). 
accelerating material must be one of the reaction products mentioned but 
n;t identified by SWL personnel. 

The rate 

3- emall "downdraft" dissclver will be used in studying the effect 
of U dissaluticn cnnditicns on the oxidation of neptunyl(V) in the 
resulting dissolver sduticns. 

Hydrazine may be a stlitable alternate to Fe(I1) as a reductant fc2' 
Np in high nitrate systems. Initial studies indicate that the mechanism 
c.f the reducticn is quite complex. 

Reccvery Ijf PlutrJnium frs,m 234-5 Building Sump Water 
(Chemical Separati.xs Unit) 

The wxk on F'u recvery from 234-5 Building sump water was completed. 
The very satisfactcry caticn resin loading results obtained with synthetic 
pl%nt sump water vi5h pU(II1) in the absence of A1 were cmfiraed using 
Pu=36 traced plant sump sAutions. Six difTerent batches ?f plant sump 

c 



~8:P~lti:ns were examined and distribution coefficients, Dv, on Dowex 50W 

X-e!. I f 8.5 x 103 to 2.7 x lo5 were obtained using 0.05M NaHS03 as 
redJr:tmt. These solutions ranged in fluoride concentFaticn from 
<el.;)'!OftM I to 0.063~ F' . 
C .I'r si:n by Zirflex Decladding Solution 
jMa?erials and Process Chemistry Unit) 

me ccirrc.sion resistance of a sample of 30b~ Stainless Steel con- 
teinirig one wt percent boron was determined in Zirflex dissolvent under 
initial, dissolving and terminal conditions. 
W~E ab-)ut. fourfqld higher than that for 304-L without boron. 
rep.ited last mclnth that Zircaloy dissolution rate and the ammnt of zir- 
c:lni-m which would dissolve in a given volume of dissolvent were signi- 
fimntly hwer for dissolvent prepared from Redox plant chemicals than 
f.'r diss3lvent prepared from reagent grade chemicals. Also that 304-L 
c nrr<*sir:n rates in the terminal decladding solution were higher when 
Eed.,x plant chemicals were used. 
plant has been evaluated with no differences in zirconium dissoluticn 1-w 

384-1, cwrosion between this dissolvent and dissolvent prepared from 
C. P. chemicals. No explanation has been found as yet for the anomalnus 
behaviw of the first sample of Redox chemicals. 

The overall cx-rwinn rate 
It was 

Since then, another sample from Redrx 

Zirflex Process Studies 
(Engineering Development Unit) 
-- 

The installation of equipment required to conduct a series nf Zir- 
flex process studies in the 324 Building has been completed and the 
calihrfl.t.ion of the equipment is in progress. Several sectims of 6C mil 
Zirr4cBy-2 tgbing (0.625 inch OD and 1.75 inch OD sizes) have been 9'1' 1- 

c-19,ved fm 30 days at 400°C. 
diss?htims to study the effect of oxide coating on the dismluticn ratp. 

These tubes will be used in the initial 

I__ M dification nf IS@SHL,D to Incorporate Bremsstrahlung Calculskicm I_-__. 

(Engineering Analysis Section) 

Progress to date includes complete flow-charting of the ISCSHLT, 

pr..grssl logic; formulation of major aspects of the program mndifics- 
ticn; assembly of pertinent tables including beta and point energies, 
BreEstrahlung source spectrum data, and (X-ray) mass abscrption coeffi - 
cients; cDding cf data handling routines for the source spectrum library; 
and ?rganizat.ion of data-table interpolation logic. In addition, mst 
maja.7r decisions have been made regarding what approximate numerical f7rms 
.tlcl use in computing within the limitations of the general multigroup 
methcds to be employed here. 



Separsticm - Instrumentation 
\Pr;zess mstrumentation Unit) 

Fabricatim prc,gressed on several portions of the developmental, 
compct, sclid state gamma spectrometer instrument, which was developed 
f1.c measurement of plutonium concentrations in hoods and glove baxes 
at the 234- j Building. The spectrometer design incorporates refined 
electronic circuitry to assure maximum reliability and versatility. 

used fcr the determination of abnormal concentrations of Am541, is in 
the field awaiting installation by Isochem technicians. 

The completed developmental Am241 Breakthrough Monitor to be 

Well Tfiickness Measurements of Waste Transfer Lines 
(NDE Customer Applicaticns Unit) 

Nmdestructive Testing prcvided technical assistance to Isochem in 
determining the wall t.hickness of the 1%-E diversion box radioactive 
waste transfer lines located in the 200 Ekst Area. A ten-foot pole 
extension was attached to the ultrasonic probe, because of the radiaticn 
field, t.-* permit. the cperator to test from the top cf the trench. 
test, ah,-,wed nL: evidence of gross corrosion. 
stainless steel lines were found to have 0.119 inch maximum to 0.113 
inch minima wall thicknesses. 

'RIP 
The five, 3-inch diamet<er 

Ssil Chemis%ry 
(Water and Wastewater Research Unit) 

Cha.rac?erization cf soil-swbed Pu beneath the 216-X-9 crib con- 
F'revicns studies showed that groundwater wxld leach 0.2% ctf 

Current research, in which Q's were deter- 

This high Kd indicates thst 

tinued. 
%he PJ held cln the sail. 
mined fcr soil and a Pu solution obtained frclm contaminated soil leach- 
at.es, gave values greater than lo4 ml/g. 
the average mcvement of the 0.2% leached will be less than 2 x 10-3 
of the transparting solution. 
determined (3 x lo-= cm2/sec) and indicates that movement by a diffusion 
mechsnism (FJ concentration gradient) will be negligible during a 10 
half -1if e pericjd. 

A PU soil diffusion coefficient also WES 

Waste Inventca-y cf Ground 
(Geochemical and Geciphysical Research Unit) 

A waste crib exploratxy well drilled at the 216-x-9 Redox process 



r,,Jndensate crib encountered a 13 ft. thick saturated zone at a depth c-f 
l.:j2 ft.. (about 70 ft. above the regional water table). 
sandy silt which overlies about 4 ft. of clay and caliche. 
sample was cbtained from the perched water and submitted for labzratory 
analysis. The liquid is essentially pure, decontaminated waste, and t!ic 
enslytical results are of particular interest for comparison with lab- 
r;rat.-)ry scil column results. A sharp decrease in activity level was 
n&ed in samples taken from below the clay and caliche layer. 

The zme is in 
A 5 gal. 
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ASSISTANCE To VITRO ENGINEERING COMPANY 

(Mathematical Analysis Section) 

Consultation services were provided on the hydrodynamical theory 
pertaining to the design of an elbow in a hydraulic line. 

ASSISTANCE TO HANFORD OCCUPATIONAL HEALTH FOUNDATIOH 

(Mathematics Department) 

Work continued on a study to formulate a coquter program to score 
and interpret batteries of personnel tests. 

An additional series of correlation analyses was carried out 
on extensive personnel data fromthe Reliability Research Program on 
Safety. 

Reactor Operator Certification data were summarized and several 
correlations were investigated. 
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TECHNICAL ASSISTANCE To THE €LAWORD PLANT 

METEUROLXICAL SERVICES 
(Atmospheric Sciences Section) 

Meteorological services, viz., weather forecasts and observations, 
and climatological services were provided to plant operations and 
nanagement on a routine basis. 

No. Made $ Reliability QE 

Product ion 
General 
Spe cia1 

93 
62 

100 

85.3 
84.8 
90.8 

Number of calls processed by Code-A-Phone: 4,252 

ENVIRC)NMENTAL EVALUATION 
(Ehvironmental Studies Section) 

Shu%down of Hanford production operations during the strike is 
expected to permit radiation levels in the environs, especially the 
river, t9 reach previously unobserved low levels. Direct measurements 
shawed that gross gamma activity in river water at the 300 Area de- 

creased to a nominal background level within 24 hr of the react r 

transport at the 300 Area continued at one-fourth to one-third the 
nmml rate, presumably associated with particulate material still 

shutdown. HDwever, special river water analyses showed that Zn g 5 

being flushed downstream by high river flow. 
were identified. 

Cxtinued radioiodine emissions from the 
July and the normal lag in analytical results 
mry 53 date of airborne activity reduction. 

Special measurements have also been made 
the river while no heat is being added by the 

No other gamma-emitters 

Redox stack until mid- 

have prevented any sum- 

of the temperature of 
reactors. One set of 

traverses was made at each of seven stations from above the reactors 
tc. hic51tand, while another set was made at intervals during the day 
at the 300 Area and Richland. The increase in mean river temperature 
during the day was slightly more than l0C in both cases, or about 

i 082'90-1 
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t.w 'Airds cf Yhst. sham by the temperature recorders estsbli~hc? a', flbr 

?OC> kyf% md RiThlsnd pumping plant. The temperst.we f ' hr rivet 
as A W+-I 11c is rising (typical of the summer months) and this rire aveliit-rJ 

ab .dt. L.15'C per day during the last half of the month. 

%e Mushart lung counter was received and will be plac~4 in rpcrs- 

tim 5s LP. 7n 8s the assembly and operating manuals are repeivod. This 
de-Jive is expected to prove useful in the direct measu?-pment. -f lune 
burdens ..f rrcdicnwlides, principally Pu in workers. 

Tnst.sllation qf K-free phototubes on the 9 in. x 1L in. IbI rrys+qJ 

de-!clri.>r in the iron rmm was completed. 
rePJc5im in K nf 70$ which should permit a significant imprc-J?mentt in 
det,ea:+-il .n capabilities. 

Initial study indif-s!t.d a 

I'he thearetical maxim Pu deposition obtained if R wcIrkrr annually 
excreted Pu in urine at just less than the detection level for 50 yr 
c-f' wcpwure ms calculs.ted. This and other calculations are a part 1' 

a deveL7pment ..f a mere raticnal basis for the Pu surveillance prngramq,. 

Study c.f the ICRP task force on Lung Dynamics c?ntin*iad. !?e?. ~rnrwxd- 

Rti-m cn t.he practical application of the model to the 1~%11~3ti-:n rxf 

Hmft ~d exposure cases are being developed. 

The shdy was continued of U in workers as to the adequs7y ,Jf 
present surveillance and evaluation practices. 

S5rmntiwn-85 and creatinine urinary excretim dsta f:n t.tr 1 atldi? i !I*' 1 
hmpi%al patients were received from Swedish Hospital. 

PEFL'<!IWEL DOSIMFlTRY 
(Persunnel Dasimetry Section) 

3ere were 260 bioassay samples submitted for Pu analysi-, *~rins 
the mmth including 9 frcm new employees who had either proit -Issly w.-r lied 

WiYn Pu ?r who were assigned to work with it in their assiqnmen+ a.t Hag- 
frlrd. 
dat.9.. 

sie, 67 for Sr analysis and 7 for analysis for other radiciiFr.t?q??S. 

N:? new deposition cases were confirmed by evaluati!-m of bi~)a~~a\r 

Ll.so, 29.7 smples were submitted for U analysis, 45 fnr T ana1.v- 

.fiere were 170 whole body counter and thyroid examinztirne r.:?:- 

dwted, ircluding 3 examinations requested as a result of raJiatoil-n 



occurrences, 36 examinations of new hires, and 70 terminees. Based on 
evaluation of the results of these examinations one employee received a 
thyrcid burden of 0.05 pCi IU5, This is approximately 5% of the maxi- 
mum permissible body burden of 1.1 pCi, thyroid as reference. Evaluation 

of the results of the rest of the examination does not indicate any 
internal deposition in excess of 1% of the applicable permissible limits. 

Special external exposure evaluations were performed for 22 Han- 
fcrd contractor employees; however, no exposures over permissible limits 
were revealed. 

Special occupational exposure summaries were prepared in response 
t.3 requests from new employers of 18 former Hanford employees under pro- 
visim of the Atomic Energy Commission regulations 10 CFR 20 and AEC 
Manual Chapter 0502. 

Records processing of 8504 employee beta-gamma film badge dosimeter 
results, 245 neutron results, 267 finger ring dosimeter results, and 
378 visitsr film dosimeter results was conducted. 
exceeded limits established in AEC Manual Chapter 0502. 

None of the results 

AQUATIC BIOLOGY STUDIES 
(B ielc gy Department ) 

Two races of chinook salmon (wet Sound and local Columbia River), 
reared for four mGnths in various concentrations of reactor effluent, 
were assayed for radionuclide content with results as summarized in 
the folhwing table. The radioactivity observed is primarily due to 
direct uptake from water as the fish were reared on a nonradioactive 
diet. The direct relationship between concentration of the effluent 
and body burden is evident. 
race is mcst likely due to age difference rather than to racial charac- 
teristics, since the Puget Sound fish were about a month older at the 
start of the experiment. 

The higher activity observed in t.he local 

L. 
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3 Fug e t Sound 2.8 73 44 26 8 4 
0 L-ICRl 0.63 77 32 19 7 '3 

-I --- 
4 Net, Sound 3.7 1400 50 48 19 5 
4 Local 1.0 1400 69 53 36 7 

4 met Sound 3 -8 2000 49 77 33 6 
6 Local 1.1 2200 loo 65 45 3 

Studies continued on artificially induced immunity of trmt t,? 

c-lumnaris organisms. As maximal titers are developed in the experi- 
mental animals, we shall determine the resistance to infection c;*nferwtl 
by this immunity. 
effezt of temperature on immune clearance of soluble and particulate 
materials from the circulating blood stream of fishes. Thew sc,lidies 
may cmtribute importantly to our overall interpretation Of fhP cPqFrms1 

flud-da%icns in incidence cf columnaxis disease in the C~ilumbis Fivfr. 

A summer consultant is conducting studies nn the 

A %.:tal of 1,504 fledgling gulls (705 ring-billed and 799 Csli- 
f:;rZia.) were banded during twc days operations at, Ringold and C'^y :' P 

-. rr.pid c.A.t~nies. The crcwded ccnditions caused the birds t-- res+. ir? 

"shifts" and a cmsiderable number to rerest. The establishnec'. ,: f 
"s~'.elli%e" cL1a-mie.s cbserved in 1965 was much reduced Ohis yesr 
effezt. i9 p-;pula%i:)n density en the nesting behavior of fulls ic 1.iti.lr.z 

unrlErs..fr..- d; the gull p?pulations at Hanford offer interesting pl-ssi - 
bilities fx such behavicral studies. 

?IF 

.. 

http://unrlErs..fr


Laundry Mmitwing System 
(Process Instrumentation Unit) 

Initial testing of the contaminated clothing reject mechanism con- 
trol chassis indicated that correct circuitry performance was being 
achieved. The background radiation monitoring probe, from which back- 
ground subtraction information will be obtained for use in enhancing 
the system sensitivity, provided a gamma counting efficiency of about 
15% during a series of tests; this is fully satisfactory for the in- 
tended application. 

Assembly of the mechanical system moved forward with fabrication 
of the probe support hangers and with completion of all required rollers, 
shafts, and shaft bearings for the upper conveyor belt. General assembly 
of the system progressed rapidly. 

108291 I 
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