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BUDGETS AND COSTS 

November operating costs. totaled $2, 185, 000; fiscal year-to-date costs are 
$11,431,000 or 42% of the $27,138, 000 control budget. 
increased by $800,000 to reflect the additional amount promised by 
Washington-AEC for operation of the PRTR. 
and development costs for November, compared with last month and the 
control budget are as follows: 

The budget has been 

Hanford Laboratories research 

(Dollars in Thous ads) 

HLO Programs 
02 Programs 
04 Programs 
05 Programs 
06 frograms 

FPD Sponsored 
I PD Sponsored 
CPD Sponsored 

Total 

COST 
Current Previous FV 

Month 

$ 49 
853 

85 

198 

1 185 

119 

96 

140 

$ 1540 

RESEARCH AND DEVELOPMENT 

Month 

$ 53 

974 

69 

206 

1 302 

130 

112 

164 

AA 

To Date 

$ 219 

4 735 

350 

1 027 

6 331 
600 

543 
673 

$ 1 708 $ 8 147 

Budget 

$ 605 

10 855 

993 

2 720 

15 173 
1400 

1325 

1570 

$L9 468 

% 
Spent 

36'70 

44 

35 

38 

42 

43 
41 

43 

41'70 

- 

- 

- 
7 

1. Reactor and Fuels 

Metallic NPR fuel irradiated to 3600 MWD/T in the KER loops showed a 
decrease in density of a. 6%. 
decreased approximately 2.4%. 

Other specimens irradiated to 2400 MWD/T . 

Heat treatment studies show that although preferred orientation in the uranium 
metal is an important cause of warp following a first beta heat treatment, 
warp on subsequent heat treatment is determined more by variations in 
cladding and uranium tube wall thicknesses. 

A device to intermix the three flow streams of the NPR fuel elements was 
designed and tested in the hydraulics laboratory. Mixing efficiency of the 
mixer was found by introducing salt solutions into entering flow streams 
and measuring concentrations in each of the flow streams leaving the device. 
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A U02 fuel rod containing a 1/8 inch diameter segregated oraloy piece placed 
adjacent to the jacket operated satisfactorily in the MTR for 16 days at full 
power. No evidence of hot-spot failure was apparent. 

Three advanced-type U02 fuel elements --vibrationally compacted concentric 
tubular and 19-rod elements and a hot swaged 19-rod element--were 
successfully irradiated in the PRTR at full power. 
continues. 

The irradiation testing 

A cold-swaged U02 element fabricated with central thermocouple wire was 
operated at 70 MW in PRTR and revealed a center Line fuel temperature 200 C 
less than the value used as. a design basis. 

A photomosaic of the cross section of an irradiated loose powder U02 fuel 
element revealed sintering and grain growth similar to that observed in 
pelleted UOz, irradiated at comparable heat ratings. 

A cold swaged U02-Pu02 seven-rod cluster is under irradiation in the ETR 
3x3 loop. Sixteen irradiation capsules containing ZrO2 -PuOz and MgO-Pu02 
fuel material have been completed with the exception of the autoclaving. 

Three Pu-A1 irradiation specimens containing 6.25, 27.17, and 16. 13 w/o 
plutonium-240 have completed their first cycle of irradiation in the MTR as 
a first step in the evaluation of the Phoenix concept. 
240 sample is now being irradiated for a second cycle. 

The 6. 25 w/o plutonium- 

No change in ID was noted in six PRTR process tubes monitored in-reactor 
during the month. 
shroud tube) was 90 mils for Tube 1857 (nominal is 270 mils, specified 
minimum is 50 mils). 

The smallest gas gap (between the process tube and the 

A new facility for stress-rupture testing of unirradiated pressure tubes at 
elevated temperatures is being put into use. 
stress-rupture tests, and two for burst tests. 

It includes six stations for 

A practical method of removing oil contamination from D20 was develcped. 
Approximately 4000 lb of D20 was suczessfully cleaned to less than 0.1 ppm 
turbidity by coagulating the oil with an aluminum hydroxide floc and subse- 
quent filtration. 

During measurements of the temperature drops through aluminum corrosion 
films in deionized water at 600 F, the oxide films built up in thickness and 
then flaked off during times of temperature cycling. 
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Samples of EGCR graphite have been successfully irradiated in the GETR to 
60,000 MWD/AT. Samples of NPR graphite will be charged into the GETR 
during the November 27 shutdown to start long-term proof test irradiations. 

In research on the swelling phenomenon, low burnup uranium specimens 
showed marked increases in porosity along the grain boundaries after 
annealing at 615 C, but at 575 C Very little effect was observed. 
increase in fission product gas mobility near 600 C is inferred. 

A drastic 

A creep test in-reactor was successfully initiated on a 2070 cold worked 
Zircaloy-2 specimen. Incorporation of water cooling coils in the creep 
capsule has alleviated excess gamma heating problems. At the test tempera- 
ture of 310 C an initial creep rate less than the ex-reactor rate was observed. 
After 300 hours at a stress of 30, 000 psi the rate is 2.2 x in/in/hr. 
The ex-reactor rate for comparable conditions is 2. 7 x in/in/hr. 

Irradiation at 75 C to lo1' and lo2' nvt (fast) causes minimum plastic 
stability in the transverse direction for annealed Zircaloy-2. 
instability, defined as the limit of uniform strain, is at a considerably higher 
strain value in the longitudinal direction. 
was observed to reduce the effect of irradiation on plastic instability in the 
transverse direction. 

The point of 

Cold working prior to irradiation 

An exposure of 1017 nvt (fast) was found to have different effects on cold 
worked and stress relieved molybdenum foils. 
a slight increase in x-ray lattice parameter while the stress relieved 
material showed no change. 

The cold worked foil showed 

Fourteen boiling burnout points were determined in the laboratory with an 
electrically heated model of a 19-rod bundle fuel element. 
fluxes found were roughly the same magnitude as those found with test 
sections consisting of a single tube. 
need not be paid in the form of reduced heat fluxes or lowered burnout safety 
factors when using 19-rod bundles as fuel elements in nuclear reactors. 

The burnout heat 

This indicates that severe penalties 

2. Chemical Research and DeveloDment 

In laboratory tests simulating reaetor water-treatment processes, 20 ppm 
alum was found to be optimum for the removal of water impurity colloids. 
At this alum concentration, the alum floc and primary colloids form 
agglomerates which are large enough to settle rapidly or to be easily filter- 
able. 

Adsorption of P-32 and As-76 as phosphate and arsenate from process water 
onto aluminum turnings was studied under conditions which simulated those 
of reactor operations. The addition of sodium silicate at a concentration of 
10 to 50 ppm as silicon reduced the adsorption of these isotopes by three 
orders of magnitude. 

7 t- i, :- 3 
ILJ~I~~JJ 
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Preliminary measurements indicate the seepage of thermally warm (130 F) 
spring water into the 181-B forebay effects an approximate five degree rise 
in the intake water temperature. 
the warm water seepage corresponds to about six to nine per cent of the 
total influent volume. 

A chromatographic ion exchange process was demonstrated for the recovery 
and purification of promethium-147. 
was obtained, 
(non-radioactive) samarium and neodymium. 

This and other measurements indicate that 

A total of 26, 600 curies of Pm-147 
The product was radiochemically pure but contained some 

Studies of the extraction of cesium-137 from synthetic 103-A Purex waste 
supernate by dipicrylamine have revealed that the extraction efficiency is 
grossly affected by temperature. The extraction of cesium-137 is improved 
about six-fold when the temperature of the system is lowered from 50 to 6 C. 

Measurements were made at various temperatures and in the presence of 
inert and oxidizing atmospheres to determine the release of radiocerium, 
euthenium and zirconium from the sodium cerium sulfate salt which is to 
be used for the offsite shipment of kilocurie quantities of Ce-144. Maximum 
measured releases for cerium, ruthenium and zirconium were 0.11, 3 and 

5.5 per cent, respectively. 

Tests indicate that the double bellows jiggler ion exchange column is a 
competitor to the Higgins unit as a semi-continuous contactor. 
unit contains no internal valves. 

The jiggler 

Laboratory data have been obtained to show that strontium and rare earths 
can be extracted from formaldehyde-treated Purex wastes using di-2-ethylhexyl 
phosphoric acid in the solvent. Inerts (chromium, iron, sodium, aluminum) 
and unwanted fission products (zirconium, niobium, ruthenium) are not 
appreciably extracted. 

Final material balances on the overall strontium-90 recovery program in the 
Hot Semiworks indicate that 745, 000 curies of strontium-90 which met 
product specifications and 170, 000 curies of strontium-90 requiring some 
further purification were recovered from a total input of 1, 180,000 curies. 

The HAP0 I Fission Product Shipping Cask (for cerium-144) was loaded and 
unloaded successfully using a slurry of non-radioactive Na2S04. Ce2(S04). 
2H20 and finely divided copper powder as feed, and 4 M HNOQ as dissolvent. 
Capacity of the filter cask exceeded the design capacity. 

A neutron multiplication instrument has been tested in the laboratory as a 
monitor to detect approach to criticality. 
and a conventional BF3 counter are under study. 

Both a solid state neutron detector 
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3. 

In the advanced process control studies it has been 
can be represented by a mathematical model which 
necessary to represent experimental profile data. 

shown that the C-column 
has the characteristics 
Coefficients of the 

simultaneous differential equations were determined using the analog computer. 

Cathodically produced deposits of two to three gram UO2 crystals can be 
consistently prepared at 550 C in the PbC12-2. 5 KC1 system. Impurity levels 
in these large crystals are as low as 20 ppm Pb and 10 ppm K. Other studies 
indicate the LiC1-KC1 system to be suitable for the growth of large, ceramic 
grade U02 crystals; and the crystal growth characteristics may depend 
strongly on the uranium concentration in the melt, formation of the larger 
crystals being favored by high uranium concentrations. 

. 

Equilibrium experiments with clinoptilolite show that cesium is readily 
extracted from synthetic, formaldehyde-treated IWW waste at a pH as low 
as LO. 

A Micro Pilot Plant run was completed in which the decontamination 
performance of a cation resin (Amberlite IR-120) followed in series by a 
mineral (clinoptilolite) was evaluated. Optimum removal of cesium-137 
and strontium-90 from Purex condensate waste occurred at about pH 4; 
cesium was largely removed by clinoptilolite while strontium was primarily 
removed by the organic resin. 

Measurements were made on the kinetics of erythrocyte hemolysis in 
isotonic solutions following absorption of gamma radiation. Erioglaucine 
at a concentration of 5 x 
were found to protect the erythTocytes from radiation-induced hemolysis. 

M and several amino acids at 5 x M 

Physics and Instrument Research and Development 

A reactivity increase will occur in the NPR if water gets into the annular 
steam vents around the process tubes. 
by exponential pile measurements to be 1570 increase in buckling when the 
steam vents are half-filled with water. 

This expected effect was determined ' 

This corresponds to an increase in 
keff Of about 170. 

IPD is being aided through a technical review and audit of the NPR primary 
flow monitor and the total instrumentation system for the Heat Exchanger 
Building. 

The reactor automatic control studies being conducted jointly with IPD moved 
forward with approval of a Production Test which authorizes experiments to 
obtain in-core neutron flux data as a function of control rod position. 
equipment will be installed at 105-KW during the next scheduled reactor 

Test 

out age. 

DECLASSIFIED - 
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Buckling measurements continued on a C-reactor mockup lattice. 
is a portion of a program to establish the safety of an overbored C-reactor 
during a flooding accident. 

This work 

Measurements of the critical mass of plutonium nitrate solutions continued 
in the Critical Mass Laboratory. The effect of the vessel walls on criti- 
cality was determined. 
assembly would have been lower by a volume equal to the stainless steel 
vessel wall volume if the walls had not been present. 

Roughly speaking, the critical volume of a reflected 

In the correlation of theory with experiment, calculations were extended to 
include plutonium nitrate solutions. 
ranging from 30 to 700 grams per liter. 
ment with critical masses measured to date. 
ar e being "made. 

The results cover concentrations 
Initial comparisons indicate agree- 

More detailed comparisons 

An analog simulation of a chemical separations pulse column is being 
developed to guide process improvement. The first of fop possible mathe- 
matical models of varying complexity to be tried gave results in reasonably 
satisfactory agreement with experimental data. 

In the Plutonium Recycle Program, a practical method for handling the 
non-linear aspects of equations giving isotopic changes with exposure has 
been developed. The method, involving a new approach to the coding of this 
general type of problem for machine solution, will handle the equations in a 
simple and reliable manner with improved accuracy and represents a 
significant advance over MELEAGER. 

Measurements of the fuel temperature coefficient of 1.8 w/o LX PuAl were 
under way in the PCTR. Data have been taken for fuel temperatures up to 
450OC. 
temperature is extremely small. 

Preliminary data indicate that the variation in reactivity with 

In other calculational developments, a multi-group code HFN, was successfully 
applied to several test cases in preparation for its use in studies of plutonium 
value" in breeders. The same code, however, encountered difficulties in 

application to a thermal, graphite-moderated reactor problem. Difficulties 
with the Monte-Carlo portion of RBU were also experienced in application to 
a test case. 

11 

Further computations regarding breeder -type extended-lifetime neutron flux 
monitors showed that the optimal initial composition for a detector located 
in graphite moderator is U-235:pU-240 = 6:4; and for a detector located in a 
fuel channel it is U-235:Pu-239:Pu-240 = 5:1:4. 
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An invention report was filed on "A Quantitative Method for Mapping and 
Displaying Values of a Variable, 'I a mapping system developed for the 
nondestructive test for heat transfer quality of fuel core-to-cladding bonds. 

Some exploratory experiments showed it may be possible, with microwave 
techniques, to detect certain types of defects on the inside surfaces of fuel 
sheath tubes. 

Some improvement has been obtained in the uniformity of low-energy gamma 
response with a new thermoluminescent dosimeter design. 
the best of four tested varied less than * 2570 over the energy range 34 to 
100 kev. 

. 

The response of 

An automatic system was developed for recording on punched paper tape the 
digitized data from dimensional measurements on NPR fuel elements. 

Satisfactory results were obtained from tests of the alpha and beta detection 
systems for the Automatic Laundry Monitor which is under development. 

Provision of extensive nondestructive tests and evaluations of destructive 
tests on NPR primary piping continued as a high-priority technical assistance 
service to IPD. 

Analysis of dispersion data from atmospheric tracer studies will be facili- 
tated by the successful separation of diffusion and wind direction trend effects 
on the measured horizontal growth of the plume. Data, which heretofore had 
not stratified according to the customary meteorological variables, were 
found to separate nicely into two groups according to the presence or absence 
of wind direction trend, the trend effect diminishing with distance as the 
scale length of effective eddies increased. 

In the area of experimental techniques, a basic contribution to the fast neutron 
cross section field may result from the development of a high resolution 
neutron detector system. 
15 Mev with at least two per cent precision and a time resolution of 0.4 ns/m 
were indicated to be possible. 

Measurements of total cross sections from 3 to 

4. Biology 

More than 2,000 waterfowl heads have been collected from sportsmen in the 
sampling program that includes the States of Washington, Oregon, and 
California. 

Zinc was found to markedly increase the gut absorption ratio of strontium to 
calcium. 
phenomenon is not apparent. 

This was done in perfusion studies. An explanation for the 
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Other changes in strontium and calcium relationships were found in studies 
of milk and blood plasma. With time, after lactation in ewes begins, the 
transfer of both strontium and calcium to the milk increases, such that there 
is increasing difference in concentrations of the two ions in milk and plasma. 

TTHA orally fed at doses that are possibly practical for humans appears to 
be effective for plutonium. 

Fish can survive up to two days in water containing 50 per cent D20. In 
25 per cent D20, fish appear reasonably pleased with their environment. 

5. Programming 

At AEC's request, 725 different uranium price schedules were computed 
and printed in tabular form. The output includes the cost components and 
total uranium cost as a function of U-235 enrichment for all combinations of 
separative duty and natural uranium costs in five per cent increments for 
50 to 170 per cent of the values making up the post-July 1, 1961, uranium 
price schedules and a few additional special cases. 

A preliminary production cost estimate of about $50 per pound of purified 
mercury-204 isotope (1 barn cross section mixture) was developed for the 
monoisotopic photosensitization process. 
on this process generally; and particularly, with regard to separating 
Hg-204 which involves separating the high nuclear cross section (2500 barns) 
Hg-189 isotope whose 2537'A line hyperfine structure overlaps that of 
Hg-204. 
section (z 2.5 barns) Hg-202 isotope; and separations costs less than $50 
per pound could be expected for 3-barn mixtures which may have considerable 
use. 

Little technical data is available 

Such interference does not exist for the other low thermal cross 

TECHNICAL AND OTHER SERVICES 

A new attack on constructing a mathematical model of the fuel element fabri- 
cation and scheduling process has produced a totally linear model fully equivalent 
to previous models which contained nonlinear restrictions. 
being studied by Manufacturing Studies, Fuels Preparation Department. 

The new system is now 

All reactor management except D have been informed of the proposed computer 
simulation of reactor operations. 
describe the general scope and information requirements, and to introduce the 
personnel who will be performing the work. 

Each area was visited during the month to 

Work continued on the problem of computing 
welded primary piping for the NPR Project. 

probabilities of detecting cracks in 
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Attention is being given the measurement requirements to demonstrate 
conformance to purity specifications for the final product. It appears that 
part -by-part inspection may have to be discontinued for models having 
high production rates due to limitations in analytical work loads. Alternate 
means of assuring acceptable product quality are under investigation. 

Five new cases of plutonium deposition were confirmed by bioassay analysis 
during the month. 
than one per cent of the maximum permissible body burden. 

number of plutonium deposition cases that have occurred at Hanford is 277, 
of which 201 are currently employed. 

In all instances the deposition was estimated to be less 
The total 

The highest concentration of filterable beta emitters measured locally in 
air since the resumption of weapons testing occurred on November 13-14, 
and was 110 ppc/m3. Subsequent measurements have been in the range of 
5 to 10 ~.~pc/m~ which is comparable with values throughout the Northwest 
and about 100 times the pretest level. 

The limited volume capacity of the 307 retention basins, which intercept . 

low level waste from several of the HLO buildings prior to release to 
leaching trenches, necessitated trucking of some 40, 000 gallons of off- 
standard waste to the 200'West crib. 

Whole body exposure in excess of '1 r during a four-week period was received 
by two individuals during November. A minor construction employee 
accumulated a dose of 1.1 r in small daily increments while working in an 
effluent basin. An HLO employee of the Physical Testing Operation similarly 
received a dose of 1.1 r during the four-week film dosimeter period. 

There are 17 currently active projects having combined authorized funds in 
the amount of $5, 864, 000. 
$10,717,000. Total expenditures on them through October 31, 1961 were 
$2, 665, 000. 
Commission requesting $224, 000 total project funds on two new projects. 

The total estimated cost of these projects is 

In addition project proposals have been submitted to the 

Project CAH-914, Rattlesnake Springs Radioecology Facility was completed 
during the month. 
funds of $90,000. Completion was November 20, 1961. 

Estimated final cost is $89,000 compared to authorized 

Project CAH-896, Stress Rupture Test Facility, was completed during the 
month. 
$90,000. Completion was November 3, 1961. 

Estimated final cost is $85, 000 compared to authorized funds of 
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SUPPORTING FUNCTIONS 

. 

PRTR operated for a total of 653 MWD during the month for a plant operating 
efficiency of 3170. Heavy water loss totalled 3200 pounds for a chargeable 
operating cost of $46, 000. 
U02 elements were exchanged for plutonium bringing the core inventory to 
38 Pu-A1 and 46 U02. Difficulties were experienced with the performance of 
primary pumps, hehum compressors, and some of the instrumentation. 

Helium loss was 205, 000 scf. Three additional 

Excellent control of equipment by the Biology Operation was evidenced by the 
recent physical inventory. 
accounted for. 

All 828 items of movable catalogued equipment were 

Advanced Degree - One Ph.D. applicant visited for an employment interview. 
Two offers were extended (one for HL), no acceptances occurred and two 
rejections (both HL) were received. During 
November, 12 universities were visited by HAPO personnel for the purpose of 
Ph. D. recruiting. 

Current open offers total three. 

Technical Graduate Program - Six Technical Graduates.were placed on permanent 
assignment and two terminated. One new Technical Graduate was added to the 
payroll. Current program members total 76. 

The Advanced Engineering "A" Course now has an enrollment of 20 students 
consisting of 7 permanent HAPO men, 12 Engineering and Science Program men, 
and 1 Technical Graduate. 
November. 

A permanent employee dropped the course during 

Continuing assistance is being given exempt employees affected by work reductions. 
The Boeing Company visited HAPO during the month and at month end had extended 
offers to 12 employees. 

for Manager 
Hanford Laboratories 

HM Parker : PFG : st 
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REVSTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSICNABLE MATERIALS - 2000 PROGRAM 

Corrosion Studies 

Resistance Changes in Zr@ Films. 
being studied as a means for monitoring the protective condition of 
zirconium oxide films in hydrogen containing atmospheres. 

Electrical resistance is currently 

A major problem in measuring the resistance drop across the Zr@ film 
on a piece of Zircaloy is making a reproducible contact, During the 
past month a number of contacts were tried including platinum wire, 
NiO.pi0.10 powder, Ti0.1Fe1.903 powder and graphite. Of these, the 
grap ite has the best combination of mechanical and electrical properties 
and still allows diffusion of water vapor to the oxide surface under the 
contact. 

Diffusion of Copper in Coextruded Zircaloy-2. 
show that copper diffuses into Zircaloy to a depth of approximately 
1-1/4 mils during the coextrusion process 
diminishes rapidly from the Zircaloy surface to this depth. 

Experimental measurepnts 

The copper concentration 

The copper concentrations at various depths in the Zircaloy-2 were de- 
termined by etching 1/2-mil increments from coextruded Zircaloy tubes 
following surface copper removal., Fresh nitric - HF etch solution was 
used to dissolve each increment. The etch solutions were then analyzed 
for copper. The analyses showed that up to 1/2-mil depths the Zircaloy-2 
contained 76,000 ppm copper 9s compared with 400 ppn of copper at a 
depth of 1/2 to 1 mil and 80 ppm of copper at a depth of 1 to 1-1/2 mils. 
The 80 pgm is still slightly higher than the residual cDpper which is 
present in the Zircaloy-2. 

These results show that at least 1-1/2 mils of Zircaloy surface must be 
removed in order to eliminate the copper-contaminated surface layer. 
Corrosion studies of Zircaloy samples copper plated and annealed 
(January 1960 Monthly Report) showed that corrosion rates were 

unless the copper-contaminated layer was first removed by etching. 
substantially higher as a result of the copper contamination, 

Corrosion Evaluation of Zr Alloys Fabricated at HLC. 
sistance of thirteen experimental zirconium-base alloys fabricated at' 

The corrosion re- 

Hanford is being 
are being tested 
annealed (750 C, 

r f !I I. 

I2di,.,;; 

- determined in 360 C water ar,d LOO C stem, 
in the cold-rolled (20 percent, cold work) condition and 
2 hours) cordition, 

The alloys 
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Based on corrosion data to 43 days at 400 C and 30 days at 360 C, the 
alloys which exhibit the best corrosion resistance are those which 
approximate the composition of Wrcaloy-2, and the alloys of low mb 
and V content. 

The effect of annealing was especially striking in the case of the 1.0 
percent V alloy. 
at 400 C and a 60-fold decrease at 360 C. 
corrosion resistance in 400 C steam than in 300 C water. 
this are the 1.0 V alloy, the 0.5 Cu, 0.5 Mo alloy, and the 1.0 Cr, 

Based on the corrosion data to date, it appears that the corrosion be- 
havior of HLO fabricated sample stock is comparable with commercially 
prepared alloys of the same composition. 

Annealing produced a three-fold decrease in corrosion 
Some alloys exhibit better 

Examples of 

0.5 m, 0.1 v alloy. 

Dynamic Autoclave Tests on Electroless Mickel Aluminum Specimens. 
Corrosion tests have been started on 1245 and X-8001 coupons coated 
with electroless nickel. Inch-square coupons were pre-autoclaved and 
heat treated at 300 C before dynamic testing in 300 C, pH 10 water at 
25 ft/sec flow rate. 
for failure of the protective nickel film. 
being followed. 
4 milligrams during a 72-hour test. 
1 to 2s of the total nickel film weight. 
formed during autoclaving has been observed. 
failure or changes in appearance of the spechens was observed. 

Experimental Aluminum Cans and Spires. 
alloy lots of cans and spires have been in test in 360 C water for two 
months. 
99.995 percent pure aluminum (CA72), and 1.0$ Ni, 0.54 Fe, O.l$ Ti in 
commercial purity aluminum (c-810). During the first month of exposure 
the corrosion of both alloys was similar. 
the corrosion of the CAT2 had decreased to the low rate seen previously 
with high purity alloys. 
to that of x-8001 at two months. The advantage of the c-810. alloy over 
x-8001 has previously been determined as a longer induction time and the 
exposures to date have not been long enough to establish the induction 
point of this lot of material. Mo differences have been noted between 
the corrosion of can material and spires for either alloy. 

Couqons will be removed periodically and examined 

In the initial exposure, all eight specinrens lost 3 to 
Changes in weight are also 

Total weight loss represented about‘ 
Partial loss of the film 

Otherwise, no evidence of 

Samples of two experimental 

The two alloy compositions are 1.6 Ni, O.S$ Fe, O.l$ Ti in 

At two months of exposure 

The corrosion of the c-810 was still comparable 
. 

Radiometallurgy Laboratory Studies 

Examination of one NIM element exposed to 2000 MD/T at simulated NPR 
conditions in the KER facility showed the end closure to be in excellent 
condition with the brazed layer intact and well bonded to the uranium. 
It appeared that improper welds may have caused the loss of support tabs 

(RM 587). 
ETR 6x9 loop was examined and appears to be in good condition (RM 589). 
A composite of the complete transverse section from NaK swelling capsule 
14-97 was made (RM 565). 

A 22” long KER size tube-in-tube element irradiated in the 
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Results and interpretations of these examinations will be reported in 
more detail in connection with the development programs served. 

Basic Btallurgy Studies 

Notch Sensitivity of Zircaloy-2. The mechanical behavior of Zircaloy-2 
cladding, in particular, the effects of wall irregularities on the 
plastic deformation and strength of the cladding, is being investigated 
with tensile tests at 280 C. 
radius indicate negligible strengthening and greater reduction in elon- 
gation than with sharper notches. 
display more scatter in elongation and strength values than sharp notch 
specixwns. 
considerably more elongation is associated with a double notch specimen 
than with a single notch. 

All coqonents for three capsules have been fabricated for a one-cycle 
irradiation in the ETR. 
and cladding material as-extruded on N elements are being prepared for 
capsule loading. 

Results obtained with notches of large 

Test data for large radius notches 

Initial results on multiple notch specimens indicate that 

V-notch samples from rolled Wrcaloy-2 plate 

Metallic Fbel Development 

Charging Force Studies for Present Reactors. 
designed and fabricated to determine charging forces for fuel elements; 
particularly of overbore geometry. Tests have been made using one, two 
and four overbore size (2.140-inch dimter support circle) fuel ele- 
ments in a 2.145-inch diameter aluminum process tube. 
used in "reactor chargeable" condition, and the process tube was of 
"reactor service" quality. 
cation. 

A test set up has been 

The elements were 

Tests were performed using water for lubri- 

Incipient galling of the tube was seen after the single element was 
charged. 
a four element charge considerable galling was seen. 
this series were oriented so the supports of each element contacted the 
same area on the process tube. 

After charging two elements the galling increased, and after 
All elements in 

Fuel Irradiations. 
element in the 6x6-M3 loap in the ETR has continued with the loop outlet 
temperature being maintained at 271 C. 
approximately 300 C. 
November 13, the average total exposure was approximately 300 W/T. 

During the outage following the end of the cycle, the fuel element was 
removed from the reactor and disassembled, and diameter and warp measure- 
ments were made. 
than when the piece was charged and it had warped 25 mils toward the 
center of the reactor core. 
that it had warped 50 mils toward the center of the reactor core. 
the fuel element is recharged into the reactor it will be rotated 180 
degrees to see if the warp will reverse itself. 

Irradiation of the full-sized NPR tube-in-tube fuel 

Maximum surface texperature is 
At the end of the current reactor cycle on 

The outer diwter of the inner tube was one mil greater 

Warp measurements on the outer tube showed 
When 

a 



post-irradiation fiJel density measurements heve beer; niade CL sauples 
from BE-3 single tube elemexits irradiated tc 3600 MWD/T- me1 from 
an mdistcrted section of the tube -dall decreased 5.8 percent ir. 
density while fuel from a distorted section of the tLbe wall (Froduced 
by imer bore bucklmg) decreased 6.5 percent in density. 

Masurenxmts msde orL three NIE's (prototme NPR mer tubes) irradiated 
to 2LOO W/T skov BL average fuel swelling of 2.36 percerjt . 
value compares favorably vith data obtained ori other e1eser;ts at similar 
exposures I 

Irradiation has cwtinued into the last of six cycles scheduled on tire 
producticri brazed irradiation test, GEH-L-63* &, in the GEH-L Imp of 
the hfll?. 
should have a burnup of approximately 1390 W/T &t the end of this cycle. 
The cycle should be complete and the test discharged by the end of 
November. 

Another test, GEH-L-68, 69, TOr the variable braze thickness irradiation 
test, has been approved by the Reactcr Safegusrds Cormnittee and is 
scheduled to go into the GEH-4 locp of the 
Five cycles have been reqkested. 

IktallograFhic exmination of the Zircaloy-2 cepsule which failed in 
DR Reactor by severe overheating reveals a beta Zircaloy-2 structure 
in the ta3ula.r capsuie body. 
through about 25 percert of the wall thickness. 
alpha + beta transformation temperature of appraximately 950 C to the 
inner surface of the capsule wodd give B=L cuter surface tempersture of 
700 C. At temperatures in this range, n,crros:',on through the capsule 
wall IL four days is not =expected. 
being readied for charging in DR Reactor9 wo h&ve been rejected for 
questionable wel-ds. 

Single Tube Fuel Elexen$. 
fabricated for an evaluation of the sirigle tube, d-1 enriched fuel 
elemif, ccncept. 
closure brazing have been completed. 
basket and other accessories. One element is tc be irradiated i~ the 
ETR 6x6-~3 loop. 
flow test was m to determfLe the flow corditions of the experimect. 
Iz; the ETR irradiatioL the fuei element is: expected to crperate at a 
maximum specific power comparable to I? Reactor conditions- 

,Wtallic Fuel Easurement. 
ments of radial displacements and thichesses of tubular elements have 
been developed. 
program output approved. Programuiing Operation is writing an input sub- 
routine to read data from punched paper tape and a storage routine which 
will store records oc magnetic ta?e< 
document describing the numerical analpis, HW-71521, has beer puSlished. 

This 

The test is opereting ar a specific power of 62 kw/ft and 

at the end of Ncvember. 

The structure extezds from the inner surface 
Assigning the beta to 

Of the seven additional capsules 

Several experimental fuel eleinents are being 

The fabricatim steps cf extrusion, recessing, a.zd en& 
Febrication was completed on the 

Us- a dmmy fuel elexrent arid the basket assembly, a 

&+,hods of ziwrically analyzing measure- 

The resulting equazioris have been programmed and the 

The The program is called TUM. 

< 
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Thermocoupled Elements. 
rods has been completed and sent to IPD. 
has a 25-mil thick Wrcaloy-2 jacket, 1.6 percent enriched Uranium and 
a 0.465-inch diameter Zircaloy-2 core in the center. 
brazed in place using the standard Be-Zr braze. 
to be charged into KER Loop 1 to measure crud-film effects an fuel element 
temperatures and to determine if a thermocoupled fuel rod of this type 
can be used to monitor crud-film deposition. 

The first of the new design thermocoupled fuel 
This fuel rod is one inch QD, 

The end caps were 
This fuel element is 

Heat Treatment Studies. Sections of Zircaloy-2 clad, I&E fuel with 
0.94 percent enriched, Fe-Si additive uranium cores were heated at a 
series of alpha phase temperatures and times before subsequexit beta heat 
treatment to determine the effect of Fe-Si alpha solubility and degree 
of precipitation on beta treated grain size. 
and have shown: 

These studies were completed 

(1) Slight refinement in beta treated grain size as a result 
of two 16-hour soaks at. 950 F (510 C) to 1050 F (565 C) 
prior to beta treatment; 

(2) Alpha grain growth occurs at ll5O-l2OO F (620-650 C) with 
pronounced growth of the precipitate on preferred crystal- 
lographic planes; 

(3) The beta treated grain size is increased as a result of 
the high alpha temperature pre-treatments, 

Room temperature warp measurements have been completed on a group of 
Wrcaloy-2 clad NPR inner tubes after their third beta heat treatment 
and on a group of bare uranium tubes of the NPR imer tube geometry 
after their second beta heat treatment, 
the warp data from the previous heat treatments indicates that the 
Wrcaloy-2 clad tubes have increased their total warp with each heat 
treatment while the bare uraniumtubes shared a marked increase in warp 
on the first heat treatment over the as-extruded warp, but on subsequent 
heat treatment decreased in warp. The following tentative conclusions 
have been based on the warp data taken ofi these tubes to date:. 

Comparison of these data with 

(1) Differences in preferred oriectation and/or residual 
stresses are a major cause cf warp on the first beta 
heat treatment, 

(2) The cladding can be beneficial in restrainirlg the warp 
on the first heat treatment. 

(3) Differences in clad thicknesses and differerces in tube 
wall thicknesses are the major causes of warp on subse- 
quent heat treatments. 

Extrusion Behavior of Zirconium Allcys. A series of zirconium alloys 
being srepared by double vacuum arc melting will be used tc determine - DECUSSIRED 



extrusion constant versus temperature data, resdting structure, mechani- 
cal properties, and corrosion behavior. 
determine whether a corrosion resistant alloy with extrusion characteristics 
more nearly matching the extrusion behavior of urarium, and with greater 
ductility than Wrcaloy-2, can be developed by altering the tin and oxygen 
content of a nominal Zircaloy-2 composition. !bo zirconium sponge blends 
are being used to yield a high (1300 ppm) and low (560 ppm) oxygen content 
and for each blend the tin content is being varied from 0.10 to 1.50 w/o. 
The iron, nickel, and chromium contents are being held at the nominal 
Zircaloy-2 composition. 

The object of the work is to 

The ingot hardness for these alloys completed through final machining 
and conditioning is shown in the follox'rIlg table. 
note that the oxygen content has a greater hardening effect than the tin 
addition. 

It is interesting to 

Sanples have been submitted for chemistry of these melts. 

Ingot Hardness-Zr-Sn Alloys 

BIN* Ingot No. Nominal Composition - 
61 

59 
87 
85 

86 
84 
60 
91 

*3OOO Kg load. 
WIngot surface completely fusion conditioned. 

biting of the ingots for this program is virtually complete, the one 
ingot remaining will be melted late in November. 
wall fusion conditioning has been eliminated through the use of higher 
mlting currents. Four thousand amps and 34 volts will produce a side 
wall requiring about 1/32 to 1/16 inch of machining for 100 percent cleanq. 

The necessity for side 

Closure Development. 
closure on Zircaloy-2 clad NPR inner tubes (1.260-inch (ll by 0.430-inch ID) 
to determine the welding conditions to give the optimum projection weld 
and Zircaloy-2 cap to uranium bond. The 600 KVA resistance welding machine 
was used Fn xuaking the closures. 
which appeared to be nearly loo$ bonded by ultrasonic examination showed 
a good metallurgical bond between the cap and the uranium; however, the 
projection weld was not fused entirely across the projection inter" Aace. 

The projection weld can probably be improved by a slightly higher weld 
power setting. 

Work was continued on the projection welded brazed 

Destructive examination of a closure 
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me closure which was approximately 85 to 909 bcEded as shcm by 
ultrasonic examination was given the standard beta heat treatment 
to determine the effect of the heat treatznert on a poor zap $0 uranium 
bond. 
the cap and the uranium on the ID on the cap wedge was riot appreciably 
affected; however, the unbonded area on the OD of the wedge was more 
than doubled in size. The upset problem which had been encountered 
from the closure process on the CID of the elemeot between the welding 
collet and the retaining ring has been reduced somewhat by altering 
the collet and using a different retaining ring and weld pressure setting. 
The upset may be completely eliminated with a collet of different design 
now being fabricated. 

Twelve closures of the NPR "self-brazing" type, with cathodically etched 
V-shaped uranium/Zircaloy interfaces, having ID ana CUI bonds of copper 
plated on the cap sidewalls, were processed to completion and ultra- 
sonically tested. The uranium/Zircaloy bonds were imlicated generally 
sound, but the Zircaloy/Zircaloy sidewell bonds were gezerslly spotty. 
Considering the rough, striated surface condition of the Zi,-caloy 
cladding where it contacts the cap, it is not surprising that some of 
the valleys between ridges fail to fill iE completely wi2h the Zr-Cu 
braze alloy generated in situ, leaving small disco~tiIluities which are 
detected by the ultrasonic beam, ar,d which represent potential channels 
for access of water to the core material. 
is in preparatioz, similar to the above-nertioned group, but with close 
attention to snugness of fit of the cap in the end grooves, 
faying surfaces of the sidewalls have been smoothed to aid iri filling 
in with the self-generated braze material%, 
more firmly against the cap wails during hot pressing has been devised 
for trial. 

The post heat treetmnt examinatior, showed that the bond between 

&other group of specimens 

!Rie rmgh 

A .cool to press the -ladding 

NPR inner fuel elements have been fabricated for a production test to 
compare the irradiation perfcxces of braze bcoded versus unbmded 
tapered end cap closureso The caps in bcth cases %re Zr-2 rbgs with 
cross sections consisting of a rectangle rius a 60 degree included angle 
taper in the axial direction. 
fuel ends by a combination of scid ard mechanical ,nillirg 
portion of the cap extends iato the urarziun. =e bozded closues are 
brazed and welded in accordarce with curreKt NPR fuel specLficaticnsu 
The unbonded pieces are vacuum electran beem weided. 

Wting cavities are machited irto the 
me tapered 

An N inner fuel compoEent is permitted ky productior. specifisations to 
vary in wall thiclmess as much as 0.02L ir,ch, Concentrlc Zircaloy end 
caps machined to fit the 0 must be correspondingly erdarged on the ID, 
and thus a gap of 0.024 inch may exist Setween +,he cap and the inner clad, 
This variable gap has caused iccorsistent resiLts lr attempts to solid 
state bond end caps to the fuel claddirg, 
to slightly enlarge the ID clad diameter, aftel- counterboring for the cap, 
and to improve the concentricity of the projectirig clad walls Results 
show that eccentricity of the inner ar-d outer projer-tifig clad walls can 
be reduced to 0 002 inch total indicatcr reading, 
studies will be carried out utliizing fuel samples sQbjeTted to sizing 

A sizing die has been designed 

P-ir?her closure bonding 

rior to clcsure. 

d 
I250iibl 



suh0r-t Development. A proof rui af N Reaztor ir~er fdel tube sugports, 
as furnished by the vendor, were nechai:ally tested. The supports were 
made from 0.030 inch thick Zircaloy-2, the m:imum thickness tie ven6or:s 
existing equipment could form without craci;irig, Tests of these sapports 
in the "as fabricated" thickness and i~ the "as final" etched thiciness, 
0.026 inch, showed the elastic stiffness to vary as the cube of thickness, 
An "as etched" thicicbess of 0.033 inch is Iieeded to achieve the required 
elastic stiffness and wotlld increase the plastic strength to a value well 
above the minimum requirements of specification ir HW-65023. Results of 
warm bend tests 0x1 Wrcaloy-2 strip shod that equipmect that will form 
0.030 inch thick Zircaloy-2 at room temperature should easily form 0.035 
inch thick material if the strip and fcrming dies are heated to 200 C. 
Similar mechanical tests on the first proof -*uli of outer fuel tube supports 
showed that the 0.010 inch steel shoe increased the crushing strength 
45 percent. 
to improve crushing strength. 

me machine settings required to produce support attachment welds con- 
forming to process specification ~~565.2.2, the.presezlt supports, fuel 
and tooling are now established. 
strength and penetratioc limits. 
month showed the penetration to be within limits. 
shown by previous shear tests. 
of the locking clip simultaneously has been fabricated and is being in- 
stalled on the spike welder in the 306 Building. 

These tests also revealed the need for &or shape changes 

These specifications define weld 
Mtallographic examination during the 

An electrode which attaches both sections 
Adequate strength was 

2. REACTOR PROCRAM 

Corrosion and Coolant Systems Develcpment 

Diffusion of Water Vapor in NPR Core Graphite. 
vapor through NPR core graphite were obtaked using 650 C and 800 C 
graphite and various colrcentratiozs of CO, Cer and H20 added to helium. 
These data confirmed earlier observations that C@ increases but CO de- 
creases the water transport rate. 
of the proper concentration of CO-, alorg with the CO counteracts the ir,- 

hibiting effect of CO on the rate of water transport through the grephite. 
Preliminary data for a second graphite thimble cut from ancther block of 
NPR graphite indicate about the same, to slightly higher, water transport 
rates as measured for the first thimble mder similar conditions. 

Diffusion data for H20 

It has been demonstrated that addition 

NPR Fuel Rupture Testing in the IRP. 
extruded uranium - Zircaloy-2 tlibes (BE-3) which had been irradiated to 
2000 MWD/T in The first tube was subjected to a rapid cool 
dam (held 5 minutes at 300 C and then reduced to 160 C within 4 minutes) 
after detection of the rupture. 
86 minutes. The final. activity which was recorded in the loop filter was 
9.7 R/hr. 
that the element had a bulge abolit two to three inches long and about 
1-1/2 inches wide. 

Wo npture tests were made with co- 

at 2b2 C. 

This element had ari incubation time of 

When discharging the element in the 105 KE basil; it was seen 
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The other 2000 W/T tube was subjected to a slow cool dOWIi following a 
62-minute incubation period. 
131 R/hr at the loop filter (this was the highest reading which had been 
obtained on any of the rupture tests). This elemeot was very badly 
ruptured for about 9 inches in length. The entire circ-derence was 
ruptured and the element would not fit into a 2-1/8" ID rupture can 
(original outside diamter of the element was 1.739 irches). 

A third rupture test was made with a sialsr KSE-3 tube which had been 
irradiated to 3555 MWD/T in KER at 190 C. 
long incubation time of 160 minutes. 
the rupture detection. 
5.2 R/hr. 

Analysis for Hydrogen in Cooling Water. Improved procedures are now 
being used to measure hydrogen concentrations in KER-1 coolant samples. 
Data obtained to date for four coolant samples indicate that the gas 
concentration is about 4 to 5 cubic centimeters (STP) per liter of coolant 
and the average hydrogen concentration. is about 0.5 cubic centimeters per 
liter. 

The final activity of this pieco was 

TEs element had an unusually 
A fast cool down was used following 

Final activity readings at the loop filter were 

Corrosion Testing. 
Zircaloy-2 in recirculating deoxygenated water at 300 C and pH 9.0 is 
comparable to corrosion under the same conditions except at pH 10.0. 
The rates were: 
year; and Zircaloy-2, < 0.01 mil/year. 
crevice attack was apparent at the edges of the samples. 

In raw Columbia River water at 210 F, the corrosion rate of carbon steel 
was approximately 6.5 mils/year. 
pitted over the entire surface. 
rosion rate of 0.08 mil/year with no evidence of pitting., 

The corrosion of carbon steel, stainless steel, and 

carbon steel, 0.1 mil/year; stainless steel, 0.06 mil/ 

Some slight indication of 

The carbon steel samples were uniformly 
The 70-30 CuNi alloy exhibited a cor- 

Corrosion of Stellite by Permang anate and Alkali. 
Stellite allovs in KMnOL solutions was negligible and no pitting was ob- 

The corrosion of Haynes 

served on the- photomicrographs. 
tration and varying the NaOH coccentration, denlritic pitting was observed. 
The attack calculated on a uniform basis increased with increasirg NaOH 
concentration and the photomicrographs indicata that t.he pitting also 

deepens with the increase in concentrst,ioro 
way using constant NaOH and varied Xlf0.0~ noncentratior-,sJ 

Hydriding of Zircaloy-2 in Nitric Acid Solutions 
in Zircaloy-2 samples was caused by colltacf with rapidly ccrroding steel 
at 95 C. 
were corroded in various HNO3 solutisos tc nearlb- complete dissolutlon of 
the steel. "Scars" of iron rust were left on the Zircaloy samples. Hy- 
dride needles were detected in all Zircaloy samples but were uniformly 
distributed, with hydride content less thm-, or nearly equal to, 20 ppm. 
No denser population of hydride was noted at the russ "scars", 

However -using a coristmt KMnO4 concen- 

F'urtiier evaluations are under 

No increase in hydride 

Steel wires, held against the Zircalsy pieces by spring tension, 



Nan-Uniform Corrosion cf &IS 5616. 
Ascoloy) as a suitable material for IER di-Jersiorr. valve cozponellts con- 
tinued during the mntb. After seven cyclic decontaminatioris in alkaline 
permanganate and Bifulf-18 the stressed s-ies were examiaed under the 
microscope. Snmples heat treated to 32 Rc (NPR specifications) did not 
exhibit cracking but wzre covered with a large number of pits 1 to 5 mils 
deep. In general these pits were rot comected, but in some cases series 
of pits formed grooves parallel to the loigitudiral axis of the specimen. 

The evaluatia. of AlG 5615 (Greek 

Effluent Activity and Corrosicn Testing in Single-Fass Tubes. 
effluent activity tests ~TL SF-7 and 8 were completed. These involved 
addition of EDTA, phosphate 
in SP-7 a.nd comparison with Frocess vater in SF-8. Another series of 
effluent activity tests is ready to start. in SP-3 and L. 
clude additions of silicate, carbonate! and calcium to process water. 
The required chemical addition facilities must be relocated from SP-7 
and 8, 

Three 

and citrate, respectively, to process water 

These will h- 

Structural aterials Developmerlt 

Pressure Tube Burst Test Facilities. 
testing of unirradiated pressure tubes constructed under Project M-895 
was formally accepted from the co2tractor oy tne AEC with only minor 
exceptions. 
testing should Commence during Deceaber. 
initiated under Project CAH-922 for a facility t? ka-st-test irradiated 
pressure tubing at elevated temperature. 

The facility f3r stress-rupture 

Startup tests are in progress and izitial stress-rupture 
Arckiitecm.mil desig was 

Nonmetallic Materials Deveiopment 

NPR Graphite Irradiations. 
graphite has now been apprmed by the AEC, and bitid irradiation of the 
H-L-1 capsule will be@ this cycle (Cycle 29) ixi the 9-7 p~~itio~i of 
the GETR. 
effects to NFFl moderator grizphite iri a maraer anaiogsus to that used fcr 
the H-3 series EGCR eqsrlmelits. 

Thermal Diffusivity of Graphite, 
TSX graphite sample was aeasured at temperatures from 25 to 675 C by the 
flash method. 
electrically heated furnace which surrmnded the sample, Values of the 
thermal diffusivity, specific heat, ad denszty. decreased from 0.25 cal/cm 
sec OC at 25 C to 0.13 cal/cm sec 0C at 675 C. A preamplifier has been 
added to the apparatus and measureExits have been started on a parallel 
sample of TSX graphite. 

Pore Size Distribution of TSX Graphite. 
in the reactivity of TSX graphite to oxidiz;r?g gases, the size distribution 
of micropores iL this material was determined by nitmeen desorption at 
77 K. 
determine the surface area of the graphite a& probably influence its 

The long-term proof test irradiation of Nm( 

This experiment wiil det.ermirie ioxig-t%rm raiiatioa damage 

The thermal diffusivity of a transverse 

Measurements were made at 50 C intervals by controlling 

Because of the current interest 

The micropores, that is, pores with a radius 300 A, completely 

http://Arckiitecm.mil
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penetration by gases. 
maxirmun at about 18 A. 
vicinity of 20 A, a peak near 80 A has not been previously &served 
except in graphite which has undergone s0xf.t~ oxidat.ion 

The measurements disclosed a broad peak with a 
While most graphites exhibit a peak ir, the 

The measurements also allow an independect determination of the surface 
area of the sample by S- the micropore arease 
area found in this manner was 0.479 $/e, which is i.~ excellent agree- 
ment with the value 0.476 $/gm obtained by the BET method. 

The specific surface 

Irradiation Damag e to Plastics. 
of the oxidation which occurs during gamma irradiation of polyethylene 

A small amount (probably less than lo$) 

in air results in C-0-C structures. The effect of dose rate on the for- 
mation of ether linkages has recently been found to be similar to that 
observed for carbonyl (viz., increasing the dose rate decreased the con- 
centration of ether and carbonyl for the same total dose), A study of 
the dose rate effect on transvinylene forination has sh~wn that larger 
amounts of transvinylene are formed at higher dose rates. 

Compatibility of graphite with Helium Coritsinirrg Water Vapor. 
demonstrated that C@, even in the presence of small amounts of CO, is an 

It has been 

adequate system for maintaining water levels suitable to prevent hydriding 
of zirconium. However, this atmosphere is not compatible with graphite at 
high graphite temperatures, The exposure of TSX graphite to He containing 
afiroximately 1% Co;! at temperatures from 775 to 825 C has yielded burnout 
rates from *lo to 15O$/KOD with ac. activation energy of 60 kcal/mole. 
The addition of a few percent CO decreased the oxidatizn rates slightly, 

Thermal. Hdraulics Studies 

mpR Flow Mixer. A device to intermix the three flow streams of the NPR 
fuel elements was designed and tested io the Hydraulics Laboratory. 
a device could be placed near the middle of a process tube full of fuel 
elements and would prevent large variatims in the temperatures of the 
coolant streams and the different componenr,s of the fuel elements. 

Such 

A special test section consisting of the mixer preceded and followed by 
an NPR fuel element was constructed to test the efficiency of the flow 
mixer. 
the three flow channels in the fuel elements with se2arate pipes. 
a salt solution was pumped into one of the entering pipes, plain water 
was pumped into the other two and samples were taken from ail three of the 
flow streams leaving the test sectiori. These samples arid samples taken 
fromthe combined exit flow streams were theri analyzed for salt concen- 
t rat ion. 

Arrangements were made to introduce icto and remove the flow from 
While 

In general, it was found that when the salt solutior- was introduced into 
the outer or middle annular flow stream the salt concectrations in each 
of the three exit f&& streams were about equal. 
introduced into the center hole flow streamS the salt cancentrations in 
the two exit flow streams were slightly less thar iri the exit center hole 

mer, the salt was 
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stream. 
acceptable limits but that further improvement could be made by slight 
modifications which would result in a nore complete intercharige of the 
flow from the center hole with the two armulzr flow streams. 

It was concluded that the efficiency of the mixer was well with& 

Shielding Studies 

Using the new shielding computer code, a calculation was made to correlate 
expermtal data obtained in the bulk shielding facility on an iron-iron 
limcmite configuration. This c&iguration consisted of 24 inches of iron 
backd up with 24 inches of iron-limonite concrete. The initial correia- 
tian was unsatisfactory. It was found that the low cross sections in irori 
at about 25 Kev have a large effect on the leakage of lower energy neutrons 
through the shield, and that smell energy intervals would have to be taken 
in this energy range in order to give fair agreement with experimental data, 
However, using the present group equations, it is not desirable to decrease 
the width of the groups below the average lethargy jump per collision, . 
and there is a limit to the increase in accuracy obtainable by increasing 
the number of groups. 
lethargy range of the i-th group is larger than the average lethargy jump 
per collision 6 , the neutrons actually enter the i-th group not only from 
the (i-1) group, but also from earlier groups. 
reprograuked to allow scattering from several. preceding groups, This wili 
improve the group equation so that a closer look cm be taken at important 
cases such as the law cross-section regions in iron. 

The equations assumed that every group is fed only by the previous gro k p, 
The reason for this limicIation is that, if the 

The shield code is being 

WEAPONS - 3000 PROGRAM 

Research and development in the field of plutonium metallurgy continued in 
support of the Hanford 234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory (Project 
Whitney ) e Details of these activities are reported separately via distribution 
lists appropriate to weapoL= developmezt work. 
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c. RE4croR aEvQIopMEwT - Loo0 PROCRAM 

1. PLTJTmIuMREcycLEpRoGRAM 

Thermal Hydr aulics Studies 

PRTR Calculations - Moderator and Reflector System Heat Loads. Data taken 
during operatian at 70 MU were amlyzed to compare moderator and reflector 
system beat loads with values predicted by design calculations, and to 
check on values extrapolated from data taken at 35 tc L5 MWo 

Data taken at a PRTR parer level of 70 MW indicate a mderator heat load 
of about 4.5 Wg approximately the value predicted by data taken at lower 
powers. Design calculations had predicted 2.2 W. 

Also for 70 MW, data icdicate a reflector system neat bad of 0.6 to 
0.7 MW, in good agreement with the desiga valse af 0.65 MWu 
of data taken at lower powers had indicated a heat load of 0.8 to 0.9 MW 
at a reactor parer level of 70 MH. 

Extrapolations 

Component Testing and Equipment Development 

PR!l3 CompoIients. Campletion of the capacitance proba for measuring the 
liquid level in the PR!L'R maderator storage tank is expected for reactor 
test installation about the first, of December. 

Eight PRTR nozzle caps and nozzle cap plugs were modified to permit use 
of a wider gasket which had proved superior to the original cap at;3. gaske+, 
durFng earlier test loop evaluatioz. 
stalled Fn the PRTR. 
f ormance 

These eight mits have been in- 
As yet,, no reports have been cbtained on their per- 

The impeller, mechanical seal, m.d flywheel assembly of the prototype PRTR 
primtiry pump was loaned to the reaztor to all3 quizk repair of a primary 
pump with a damaged mechacicai seal. 
too radioactive to perfit Iuair;tenaace access. 
progress utilizing the pump, LO icterference with teat or devcilopnient 
work resulted. 

We original pump compoaents were 
Sisze no test wmk was in. 

The design work for the automatic drairz system for aX-7 condensate was 
completed and Design Charge No. 107 cmering this mcdifi=a%an was issued 
for approval 

Carmnent issues of all %he drawings involved in the new facility for ad&- 
hydrogec to the suctiw af the low gressure compressors in the helium 
pressurizatioz syst9em have beer received, 
change covering this modiflcaticr k,as started. 

Pseparatim of the design 

Scope drawings of the liquid shim rcd assembly ar*d the instrumectatim 
flow diagram have been completed axid forwarded for review, 
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Critical Faciliiy Cmments. 
clutch for the weir drive assellioly were coqpletcd azd the ucit tested 

Assembly ad insta;lation ~6' fhe sllp 

satisfactorily, The adiustabie weir is now raay for reactor operation, 

The additional. swivel joists requre3 for the zhirnbie hoses Gave been 
received and will be tested as BOOZ as pipefitker manpower le wailable. 
Receipt of the additional joints was delayed as it -8 necessary to 
cancel the original crder and locate ancther suppiier who could meet 
delivery requirements. 

The first prototype catrol rod i& essentially complete excqt for the 
ketallatioll of the cadmium plated aluz&van tubing. %sting of this 
first prototype safety rod wlth a spiral retractable cable supplying 
parer to the 12 volt DC lift magnet is under way, and early results look 
quite satisfactcry. The remaining two safety rcds are appoximetely 76 
complete with an estimated six man-weeks of machinist and four --weeks 
of electrician time required for campletioll. 

Cas Lcop Compaeots. 
lation in '"8" cell has been assembled, minus the inner tubep axxl de- 

The iz-reaztor prototype test sectica; for irstal- 

livered to Mincr Castruction. This test section will be used tc check 
out the gas loop equipment and to obtain operating characteristics of the 
in-reactor test sectian prior to mscallatiari iL the PRTR. 

Two hundred and seventy-five hous cf cyclic meratioxi have beer;. obtained 
on the CCQ diagbragm compressor since the lagt diapiiragm rupture. 

Rupture Loop Ccmrpocents. 
ment to perform Rupture Facility Desi= Test No., L OG the in-reactor test 

Modifications axid repairs of laboratory equip- 

section,,-chargiLg iachiae adapter, and special tools are 75s complete. 
WJor items of repair needed oz the s-ie tube prototype facility t:, 
ready it for cperarior, 'iricluded kstclation of a new heat exchanger tube 
bundle md the repiacemerzt of a31 heatkg elemezits in the pressurizer. 

Hazards Analysis 

PRTR Process Specificatlas 
Specificatioas was audited 30 %.nw durm the morth. 
a prccess specificatlok was revealed by the audits, 
occurred when the process water pressure was allowed to drop below 100 
psig during reactor stuzdoxn. 

C-zfcrmatce with +,Le apgroved 'PRTR Procesp 
One dolation of 

Thig viclation 

Reviews by Reartor Safety Organization. 
sentation to the General Electric Teckologicai Hazards Council at the 
next meeting. 

Material was prepared for pre- 

This material included the following reports: 

1. 

2. Experimental Rograa for PflTR. 
3. 

Organization for Operation of the FTutonium Recycle Test 
Reactor 

PlutoniUm Recycle Critical Facility Fuel Element Drop-in 
Accideot 

8 

1256414 
UNCLASSIFZD 



A-15 Hw-71921 

Critical Facility Safeguards Acalysee. 
being made to the Critical Facility: 

The follcjwkg design changes are 

1. 

2. 

3- 

A mechanical "dump valve - cell crarie'' interlock will be 
provided to assure that the moderator Is drained framthe 
reactor tank during fuel element chargirig. Iriterlock 
action will be such that a valve o~i the boi;tom cf the 
reactor tank will be open when the cell crane is over the 
tank. 

Reanalysis shared that the addition of a light water re- 
flector would have a stronger positive reactivity effect 
than was previously estimated. 
cadmium, 0.020 inch thick, wili be wrapped around the 
reactor tank to eliminate the reactivity effect of a celi 
flooding accident. * 

A grid glate will be installed at the bo5tcxu sf the reactor 
tank to prevent PJel elements from s-bg together if the 
tank were tilted. 

Bltially, sheets of 

Additional studies using analog simulation of the reactor were made with 
the follawing refinemnts used in calculaticg the consequences of re- 
activity addition accidents: 

1. 

2. 

Complete reanalysis of PRCF reactor kioetics parameters. 

Redetermination of the reacti-dty worth af core positions 
in possible loading configuatims. 

Use of the negative reactivity contribution of mderator 
voids formed by heat transfer and radiolytic clissociation, 

Determination of the effect of reactrvity additicc rates on 
the severity of an excursion. 

3. 

4. 

The studies showed that no fissiorr prcducts would be released.upon the 
addition of 11 mk in 0.7 second to a large) two-zone, unreflected re- 
actor. 
seconds to a reactor loaded with 12 Pu-A1 fuel elemects would release 
fission products from the cell. 

If the safety circuit failed, the addition of 33 mk in five 

Results are summarized below: 

11 mk - 
No Scram 

33 
Sc rsm No Scran; Scram 

Max. Power Level 4.6 m 20,000 Mw 300 KW 600 w 
Energy Release 1.4 MW-sec. L320G W-sac. 60 KW-sec. 300 MW-sec 

Max. Avg. Fuel Temp.(OF) 
1200 -- -- 212 

212 Suffi2feIlt t;c 212 920 
uQ2 
Pu-A1 

melt Jackets & 
vapcrize fuel 
elener-t, cores. 

UNCLASSIFIED 
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For the scram studies, the reactor was scrammed at 150 watts with two, 
35 mk safety rods. 
critical with moderator at fdl level. 

The studies were &e assuming that the reactor was 

PKFR Aluminum-PLutaium Fuel ELements. 
elements were transferred to the PRE? this month. This brings the total 
to date up to 51 iar emosurt plutonium spike fuel elements delivered to 
the pKIIR. 

At the preselit, a cmeentrated effort is be- given to the six Wk I-H 
flux -tor- f'uei elements requested by the Applied Fnysics Operatian. 

Eight M6rk I-H 19-rod cluster fuel 

The remaining 17 clusters should be coxqdeted by December 1961. 

The recovery of plutonium (as al~um-plutonium allay) was calculated 
for the six reductioss of PI.@ using the cryolite process. The initial 
recovery as 13 w/o PU llgster ~oy was 94 percent; remelting the flux 
twice with alumigum increased reccvery to 97 percent. Since three per- 
cent of the plutonium remsined in the flux, additiord remelt- of the 
flux is plsGned until further recovery is unwarranted. 

phanix Brperiment. The three phoenix irradiatim specimens containing 
plutonium with 6.25, 27.17, and 16.13 w/o Pu-240 have completed their 
first cycle of irradiation in the KCR. 
Pu-2kO sqle is now be- irradiated for its second cycle. 
capsule holders have worked very well and underwater manipulations have 
been performed with a minimum of diffizulty. 
been built that will be used for cutting the Al-Co flux monitoring wires 
prior to counting. 

Reactivity Easuremects the irradiated sanples have been completed in 
the ARMF. 
16.13 w/o Pu-240 (GEH-21-3) were started about 3.5 hours after the ME3 
was shut dm and the reactivity was measured contincously for the first 
36 hours. 
reinserted k tb.e reactor. These measurements will permit determining 
the reactivity effect of the short-lived fission products. 

Fnoenix-me Flux Modtoring Foils. 
been mdified to ZyrolyticaUy deposit Graphite on a base material. 
thin graphite coating will b= impregnated with a dilute plutanium'solution 
and baked at 8 high teqerakure to simulate a thin plutonium film. 

Irmdiatioc Testsin&. Radionretallurgical examimtion is cmtinuiag on the 
U@-Pu@ seven-rod cluster pellet elemeat. 
for fission gas and they Kill ncw be sectioned. 
graphs of the irradiated rads are being made 5y placing them on glass for 
48 hwrs. 

relative exposure &long the length of the rods CELL be determined. It was 
found the irradiation iaduced iamage to the glass anneals out after ex- 
posure so it will 5e zecessaryto rut the densitometer scans as soon after 
eqosure as possible. me of +he densitmetzr scam revealed a void in 

GEH-21-1 which is the 6.25 w/o 
The aluminum 

An underwater guillotine has 

ARMF' rieasurements on the sample coataizizg plutonium with 

It viLl cow be measured at different intervals until it is 

A high temperature tube furnace has 
The 

All the rods have been sampled 
F'ull length autoradio- 

The exposed glass is then scanned with a densitometer and the 
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about the center of one of the fuel rods indicating the fuel material had 
moved into the end clearance. 
radiograph showed that the fuel material had mved back tosether. 
indicates that the fuel pellets are s%ill quite loose in the cans. 

The rod was tapped on one end and amzfier 
This 

The cold swaged UOpPu@ seven-rod cluster with swageable end caps 
(GEFi-11-7) has been completed and inserted in the ETR 3x3 loop. 
scheduled to comnaence irradiation on November 27 cd operate until 
December 26. 

It is 

Fabrication of the cosine enriched U@-Puo;! seven-rod cluster which will 
be irradiated in the EZTR has commenced. 
varied from 3.42 percent at the top, to 0.946 percent in the center; and 
3.58 percent at the bottom in an effort to achieve a uniform power genera- 
tiun along its full length. This element will be incrementally loaded and 
cold swaged with swageable end caps. 

The plutonium earichnent will be 

Calculations are in progress for the four full-size swaged and vibration- 
ally conrpacted U@-Pu% elements whizh will be irradiated in the PKIIR. 
The core material for these clusters will be fused normal Uo;! uniformly 
enriched with 0.45 w/o high eqosure Puo;!. 

The four specimns (GEE-Z!l-l3, 14, 159 and 161, each containing U@- 
0.154 a/o'Puo;! and UQ (1.00 a/o U-235) pellets, for the tests in the MTR 
hydraulic rabbit facility (VH-4) were modified but have not been charged 
into the reactor. 
the power generation values. 
stated to be 20 kw/ft. 
were found to be as follows: 
19.2 kw/ft. 
mild steel core and made equal in welght tc the test elenelits, vas sent 
to the MFR as requested for in-reactor, charge-discharge tests. The steel 
core will serve to actuate the magrzetic timing device which is moutted on 
the ex-reactor, VH-4 tube secticn about six feet belcw the reactor mid- 
plane 

The personnel at the MllR requested a verification of 

The cases were rerun by coquter and the values 
In the test proposal, the specific pGwer was 

U@-Pu@ case - 20.3 kw/ft, and Uo;! case - 
In additicn;, a durrnny fuel element (GEH-21-17) loaded with a 

The design is nearly completed on a more advanced fuel elernert experiment, 
desiepsted ICARUS, which is to be conducted in the hybaulic rabbit 

facility. 
transport vehicle positions the fuel capsule in the maxim flu regia 
of the reactor and at any specified time may Se signaled tc release the 
element and allow it to move out of the active zoce. 
nique, the presently required flow reversal, with its asscsiated short- 
term but highly restrictive near-stagnant water cocdition, is eliminated 
in the discharging of fuel elements. 
will mean that U@-PuQ fuel cores may be cperated at significantly higher 
specific power values than previously allowed in the hydraulic rabbit 

facility. 
on order. 
sary to conduct flow tests in order to establish several design and 
operating parameters 

. 

In the ICARUS experiment, a remotely-operated, self-cantained 

By uslrg %his tech- 

Success of the XARUS experiment 

A flew tube mockup is being desised acd some parts are presently 
In discussions with personnel at the MFR, it was deemed neces- 



The eleven discharged high and iov density U@-F.@ capsules which have 
exposures on the order of 10,000 WD/T of U@-A;@ are stz at the MIlR 
awaiting shipmit to HAPO. 

The irradiated Zircaloy-clad capsule (GEH-14-27) n,omsir;hg BG. Al - 
2.1 w/o Ar - 2.0 w/o Ni allcy core and fabricated by FnjectioE casting 

50 percent burnrrp of the plutuziium atoms. 
was recharged into the KPB. The goal. for the specimen is a mfnimrun Of 

Develmnt work is proceeding OE a teqerature measuring techoique 
designated as the HELIm experiment. 
on U@-Pu@ fuel material in the SNOUT Facility at. Hanfox-5. 
cperated, thermocouple-equipped device is elqpioye8. 
the proper signal, the device causes the thermocoupie hot junctica; to 
impinge against or be injected into the specimen at high velocity per- 
mitting the measurement of high temperatures before the thermocouple is 
destrcyed. 
initiated. 
elevated temperatures ( 
predicted performance. 
and initiate construction of the in-reactor assembly as soon as the design 
and drafting work is completed. 
they may be used for the reactivity naeasuremxits as well as the irradia- 
tion test. 

The experiEnt will be performed 
A remotely- 

LBac recognition of 

Fabricaticn of the UCQ - 5 a/c Pu@ pellets has been 
Ex-reac$or tests with the device mockup were conducted at 

500 C) and the results met or exceeded the 
It was decided to eliminate further device tests 

The fuel pellets are designed SG that 

mloratory work on a second approach, knox as the ARGUS experiment, to 
the problem of fuel element property measurements in-reactor at elevated 
temperature is under way. 
optical device would be eqloyed to wasure or observe the thermal prop- 
erties of a fuel element while it is operating in a reactor. 

In the ARGUS experiment a remctely-operated 

Ckide Fuel Development. 
elemects vas completed. 

Activatioc of a hood facility for loading U@-Pu@ 

Improvement of over-all density and density distributiol: in vibratory 
compacted rods has been effected Sy recordia randan xise oE a magnetic 
tape and feeding this signal into the ampiffier of The vibrato-ry com- 
pactor. 
200 cps) without the attendant large displacements characteristic of 
high acceleration sinusoidal shaking in the low regis+,ers. 
use of this system was successful iL producirg a randcm noise spectnun 
on the tape. 
act as a preamplifier for the system. 
component into the signal. 
a modified feeding system, the loading of Pu@-U@ mixes will be started. 

This approach allows the use of lcw frequency Goise (below 

The first 

Unfortunately, a "no-fidelity" azqlifier had to be used tc 
This iztroduced a large 60-cycle 

With a slight refhement of this system and 

A method for attaching a plastic "cow" bag to the open end of a vibratory 
cornacted fuel element was evalua3ed for two loadings. In the first trial 
a brass sleeve was clamped in the counterbore of the fube 
was taped to this sleeve. A nylon funnel was threaded to 
brass sleeve and the tube was filled with 3% while being 

and the cow bag 
the top of the 
ebrated on the 
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exciter table. 
did mve half way out of the counterbore and was badly abraded. 

Although the sleeve was no* disldged from the tube, it 

For the second trial the brass sleeve was machined smaller and a rubber 
finger cot was stretched over the end before the assembly was seated in 
the counterbore. 
tube and the loading operation was repeated. 
mained seated in the counterbore and was easily removed after the clamp 
was released. 
an easily decontaminated tube end for fhal closure welding on vibration- 
ally compacted elements. 

A stronger clamp was used to hold the sleeve in the 
This tiae the sleeve re- 

This loading nethod may provide a simple means of obtaining 

m. Hi 
matic pellet press was designed to fabricate UC&-Fu@ pellets for a PCTR 

A self-oilkg die for the Kux auto- 

load&. 
ing experiment in which green pellet di-ter and binder concentration 
were varied. ICY was deterabed that sintered decsity was sensitive to 
the concentration of polphyl alcohol birder used i~ the green pellets. 
The average density for pellets with two percent bhder was 94.6$ T.D., 
whereas the average for pellets with three percent binder was 89.2s of 
theoretical density. 

Fabrication of EleEnts for the Resonance Integral Experbent. 
effective resonance integral experiment fuel elements have been completed 
and delivered to the Reactor Lattice Physics Operation. This fabrication 
consisted of sixteen rods made of alWnum-pLtitonim alloy cores canned in 
35-mil wall, 0.680-inch ID Zircaloy tubirig approximately 31 inches long 

Shrinkage and densification data were determirzed from a sinter- 

The Fu-240 

(mg. NO. H-3-14246). 

The core alloys were made from accurately weighed amoullts of high exposure 
(approximately 16 percent 240) and law exposure plutonium. The cores were 
cast to the finished diameter. Since it vas desired to cast as much of 
the alloy as possible, the crucible skulls were held to a minimum which 
we8 3-l/2 percent of the alloy charge. 
tubing, the fuel elemnt rods were heated to 600 C (operational texxperature) 
for one hour. 
no leaks were found. 

After camhg the cores ir. Zircaloy 

After heating, a helium leak test was rur. 3n all rcds and 

UO=, Fuels Developrpent 

Irradiation Tests. The third Hanford defect element test was termbated 
after eight days of irradiation because 3f high activizy ia %he effluent 
piping system. 
split at one end of the defezted Zr-2 clad rod. 
apparently occurred during initial sfartu~, appears to be the result of 
ductile fracture. Examination is col;txiuiag. 

Preliminary examinatior. revealed a bulge cd lotgitudinal 
The failure, which 

A second enrichment experimer;t (939 enriched U@ nm-unif ormly dispersed 
in natural U@) was discharged frcm the MI3 after 16h days of irradiation 
at full power. The element was returned 
to Word for radiometallurgical examination. 

No evidence of fsilure appeared. 

1250479 
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A document entitled "Bydriding in Plirpcsely Defected: Zircaloy-Clad me1 
Rods," m-65L65, was coanpleted. 
characteristics of Wrcaloy-2 and 22rcaloy-b (Tiickei-free Zircsloy-2) 
as determined from irradiation tests of p-csely defected fuel elemects. 

In it are discussed the hydriding 

PElTR Fuel Elements. 
1- of swaged lg-rod clusters, were irradiated in the PRTR, at the 
full reactor power of 70 Mil. 
pacted Mrk XI-C nested tubular fuel elenaent; (2) a vlbrationally com- 
pacted, Wk I, lg-rod cluster; and (3) a hot-swaged Mark I, 19-rod 
cluster. Irradiation testing of these fuel elements is ccktinuing. 

Three unusual U@ fuel elemrts, in additim to the 

Included are: (1) a vibratimally com- 

'Ilhe thennocoupled PRTR Mark I cold swaged Uo2 fuel element was recharged 
into PRTR tube 1550. 
provided fuel center temperature measurements at reactor power levels to 
15 Mi. 
level operation at 70 EaJ, at several lower levels, and during flux tilt 
and compression tests. 
corded. 
(coolant temperature 255 C) were recorded durixig 70 EaJ reactor operation. 
These are approximately 200 C lees than had bee= earlier estimated. Heat 
generation of the test element during 70 Mw cperatian is es2imated to be 
0.92 MW on the basis of earlier recorded power factors for tube 1550. 
Several of the original six thennoacuples had developed open circuits by 
late November. 
present cycle. 

Prior to its discharge in My 1961, the element 

In November, fuel centerline tenperatures were recorded during 

Several scrams and acrmai skutdaxns were re- 
Maximum fuel centerline temperatu--es in tke range 950-1050 C 

Irradiation krill continue through the remafnder of the 

Hot Swag 2.q. 
bulk density of 94s T.D. 
nine-foot long rods by loading -20 mesh fused lJC& (as a stand-in for 
recycled U@) to an bitial density of 70-73 percent T.3., ard swaging 
at ,700 C. 

Zircaloy clad Uo;? fuel rads were hot swaged to an average 
Ws bulk dersity was routinely obtabed in 

No decrease in density occurred ciura roll-bar straightening. 

Utilization of the newly installed hot-swage feeding device resulted in 
better rod surface finish and less rod diameter variation. A water sprax 
device at the exit of the swage cools the rods to -80-100 C befcre 
enterhg the rear feed chuck ad will thereby greatly irrcrease the life 
cf the enclosed "Viton" tubing. 

Surface pitting (0.001-0.005 inch hi depth) which sometinres resulted 
from arcing between fuel rod and swage machice components was vir+,ually 
eliminated by electrically grounding the rod upon exit from the izducting 
heating coil. Rod rejection rates and buffing time were greatly reduced. 

Vibrational Compaction Studies. 
an eight-foct long, 0.565 inch OD Zircaloy tube suspended from a nizie- 
foot long steel beam. 
fixed fulcrum and a 5OOO-pound thrust vibrator. 
tinuing with modified fixtures designed to facilitate fuel loading and 
to permit determination of the effects Gf beamleqth and stiffness. 
resonant-beam technique holds promise of simpler rellrcte refabrication of 
fuel elements in shielded facilities. 

Fused UCQ was compacted to 88s T.D. in 

The beam was supported horizontally between a 
Investigations are con- 

The 
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Remote Fabrication Studies. 
Drmosed for future remote fabricatiorr work has beer, subjected to the 

An industrial TV vidicon tabe of %he type 

io& vibration environment of the vibrational ,oomgacf,l cu; equipmezt (. 
The free tube resonated at a rather im- frequency cf approximately 382 cps. 
The intensity of resonant response was sufficiently high tc; cause picture 
distortion. Fortuna;tely, this fre.;uezcy is below the level normally used 
in fuel element compaction operations. 
change in the structural characteristics of $he tube. 

Construction of the remote fabricatior, studies room is apFroximately 85% 
complete, 
has been fabricated on-site and is now available for use with tube 

The test caused 00 3etecsable 

The first portion of the special Zircalsy wire for rib spazers 

cladding. 

BMI Cooperative Program. 
investigate high-temperature isostatic pressLzg cf partially pre- 

A joint H#O-BMI program was initfatad to 

densified fuel assembiies 
cold swaging, hot swaging, and vibrational :cnpEctiori have been sent to 
BMI for testing in December. 
deposited U@, and mixtures of fused and micracized U02 compacted to 
densities ranging from 70 to 92$ T.D. 

Twenty-four, &inch rads fabricated by 

These specimens cortain fused U@, electro- 

Corrosion and Wterials Studies 

PRTR Aluminum Shroud Tube CorrosioL ir Wa5ei- Vapor- 
several aluminum alloys in az= argor; (58%) waxer vapor (41%) hydrogen (0.6$) 
and oxygen (0.3%) atmosphere at 260 C ar_d 315 C is being studied. 
atmosphere simulates the atmosphere ir the PRTR calmdria over the D20 
moderator. 
samples of PRTR shroud tube (6063) and an experimsntal alloy containing 
2.5s Fe and 0.64s Ni were exposed tc a very slaw flow of the atmosphere 
gas. 
surable weight gains have occurred on the 260 C samples. hktallurgical 
sections of coupons exposed for periL&s us tc l5CO hcurs at 315 C showed 
the 6061, 6063, and P"R shroud t-dbe sample had experienced about a 5-mil 
intergranular attack in 1150 hours,  he x-80$1 alloy, the special alloy 
and all the alloys at 260 C showed co htergrariular attack. "his test is 
continuing, although concern for PRTR shroud tabe 2orrosisn has teen 
alleviated by a recent re-estima?;e (by Thermal Hydraul:cs Operatior,) that 
the prohable maximum temperature of The shroud ';uoes is &out 230 C. 

The corrosion of 

This 

Coupons of 6061, 6063, and X-8QOl aLml.mm alloys as well as 

The 305 C samples shuwed linear weight gains with time. No mea- 

Stress Corrosion Cracking. The susceptibility c.f austen.2tl.c: stairLess 
steels $0 chloride stress corrosion cracEng has 3eer reporzed for tes% 
performed in boiling, saturated MC12 so;iLcior,s in contact w',Lh air. 
preliminary investigation to determine whetner the presence of oxygen is 

necessary to produce stress corrosicr 2radkq in thls system has been 
completed. 
boiling, deoxygenated, 425 NC12 (-, l Fk C], E!,€ bcli2kg &C,lz vas main- 
tained virtually free of oxygen by b;lbbl.kg clecxygenated argcri thrcwh it 
during the test. 
scavenger for the argon gas. 

A 

"U" bend specimens of 3GLL stauiless steel were tested ir, 

Chromous chloride solutim was used as a. cxygen 
Samples gf wac,er through which the argon gas 
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was bubbled analyzed lens than 50 ppS aygen (the decexim imt for 
the analysis). 

Under the conditioas of this stringerz test (boiling MgC12), tlze re&xticl: 
of oxygen corceztratim did cot reduce the susce2tibility of the 3G4L 
stainless steel to stress corrosion crack. AU. of the eqles tested 
(representing vapor blasted, poliehed a& =-received surfgees 1 faiied in 
less *Aan 60 hozirs. 
than three hours. 
not lmm but was greater than five hours. 
deoxygenated BgC12, 304L samples ~~th as-received sllrYaces failed withk 
three aad nineteen hours. 

Saqples with vapor blasted surfaces failed ir less 
The actual failure time of the remainkig samples is 

Ir a previous test in ncn- 

Recovery of Oil-Contaminated D20. 
tion from Dp0 recovered fromthe helium conpressors were evaluated. 

Procedures for removing ail contamina- 

Attempts to-coalesce the suspended Oil droplets by ultrasonic vibration 
were msaccessful as were attempts tc remow the oil by direct filtration. 
A highly successfui procedure was develqed, however? using ari aluminum 
hydroxide floc to coagulate the oil drcplets. The coagulated oil and 
floc mixture was then remcved by filtratim. This procedure was tested 
both in the laboratory and the PRITR facility. The residual turbidity io 

the clazified filtrate was less thm 0.1 pp. Asproximately LOO0 pounds 
of D20 have been recovered usicg this zrocedure. 

A study of possible methods of red=c;ng the %manganate demand" (a 
measllre of the reducing capacity of +he solutia) values of recovered 
D20 is in progress. 
demand values being experienced now a= caused by the presence of small 
amouGts of oil in the BO. A procedure similar to that described above 
for oil removal is being tested to determine its effect on reducing the 
permanganate demand. If this procedure is successfulc it may be desir- 
able to use the aluminum hyeoxide treatmer;t on all recovered WO 
scheduled for re-use or ret- to Savesr;ah River for processicg. 

It seems likely that %he relatively high pemanganate 

PKL!R Process Tube mitoring. 
reactor Aurkg the month. 
reported indicaticn that two tubes had developed cvality hi the lawer 
portion of the tubes was found due ts inssrument malfxcticr. 
lating gas gap is relatively uLiform i.c all positias measured ntC the 
exception of positia 1857. 
30-mil reduction frm the previcus izispeetxzi the la+,ter psrt of September. 
No explanation tias beeL found for the contiriual cue ix~ the =dating 
gas gap in this tube iocation. 
previously observed at the contact pokts between the mer tube wall and 
the top and bottom fuel end brackets ir, two of the tubes inspected. 
contact marks were found on the inner wall of tube 1857 which was installed 
for the first time during the Sestember shutdowr-. 

Six PRTR process tubes were mcnftored m- 
Nc chaqe ir ID was mtea A prevnusly 

Tne Usu- 

In tube 1857 a gO-mil gap was measured, a 

Visual uLpectioL disciosed marks nct 

No 

Construction is under way on all phases of the new process tube moni- 
toring probe; however, original delivery datee for some items has passed 
and new delivery dafes fromthe fabricators kdicate that the new device 
will not be operational prior to late Much 1962. me first pratotype 
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model for a device to masure the depth of gouge inarks or localized wear- 
corrosion areas on the inner wall of the process tabes has been completed. 
The device uses a dial gage actuated by an air cylinder. Mockup tests in 
the process tube in 314 Building have been encouragiw. 

pIFR Sheath Tubes. Bspection of 1000 sheath tubes of 0.680 inch ID is 
nearing campletion. 
indications which are detected by either the fluorescect penetrant test 
or the immersed ultrasonic test. 
indications detected by the fluorescent penetrant test, but not by the 
ultrasonic test; 37 percent contained indications detected by the ultra- 
sonic test but not by the fluorescent penetrant test, and eight percent 
had indicatians detected by both the fluorescent penetrant and the immersed 
ultrasonic tests at the same location in the tube. 
to greater than 100 percent since any given tube may have several indi- 
cations detected variously by one or the other or both tests. Fluorescent 
penetrant indications are usually small particles impressed into the inner 
surface. 
with individual particles 10 to 50 mils in diameter, 
impressed particle is typically from one-half to four mils deep. 
ultrasonic test was performed using a focusing crystal with a spot 
diaueter on the tube wall of 40 mils. 
standard grooves on the inner and outer surfaces one mil deep by 125 mils 
long. 
retain the fluorescent penetrant, and a few of the larger impressed 
particles. 
believed to be the result of the very small size of the particle with 
respect to the crystal spot diameter. 

A total of 227 tubes have beeri found to daze to give 

Of these 227 tubea 65 percent contained 

These percentages add 

Particles are found in stringers one-fourth to one inch long 
The depth of the 

The 

The reject level is set using 

The ultrasonic test has detected open gages or pits that do not 

The apparent lack of sensitivity of the ultrasocic test is 

04 Program Radion&allurgy Studies 

Borescope examination of a Zircaloy-2 process tube recently discharged 
from KER-3 revealed numerous longitudinal scratches and several reddish 
colored rings. 
quantity of hydride was discovered ixi the high parer porticrn of the tube 
either as it was received or after annealing at 540 C (RM 354). Examina- 
tion of HD-5, a purposely defected four-rod UQ cluster revealed that one 
of the rods had burst near the end and that gross swelling had occurred 
in the burst area (RM 640)., 
geneously enriched U@ f our-rod cluster element GEH-4-62 showed that 
the sites where enriched fuel was located had recrystallized leaving a 
core at the center of the fuel (RM 643). 

Based on metallograghic examinations no sigcificant 

Examination of twc rods from the hetero- 

Autoradiography on glass strips of seven U@-Pu% fueled rods, each three 
feet long (GEX-11-3) has produced accurate flu profiles. Sinze the dis- 
coloration of the glass fades after the rods are removed, the fading rate 
is being calibrated. Nevertheless, it is hcped that this autoradiography 
process my be further exploited (RM 668). 

X-ray diffractioo studies have beer rm on an irradiated Zircaloy-2 sample 
and an unirradiated standard (RM 512), 
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The U-235 natural U diffusim stey sa@e GE3-iL-261 was c&Thodic&ly 
etched and replicas were made for electron microEcope svabes eter the 
first anneal (RM 513). 

Results and interpretations of these examir;atioas Kill be reported in 
mre detail in connectioc with the development programs served. 

plutonium Silicides 

As reported previously, Mi2 was srnthesized by heating conqwcted pellets 
of plutonium dioxide and silicon to 1385 C for 30 minutes in vacua. X-ray 
diffraction analysis agrees well with the ASTM diffraction data card for 
mi2. 

Subsequent to dissolution of the silicide in Ha.. quaatitatiie chemical 
analysis for plutonium is performed by coulometric titration. 
silicon is found by difference. 
in the ass-tion that all of the plutcnium is separated from the silicor. 
If it is not, plutonium results will be low and silicon high. 
considerations in mind, analyses of the above silicide agree well with the 
x-ray data. Stoichiometric mi2 consists of 81 w/o Pu; chemical analyses 
gave 78.4 w/o. 'Ilhe melting pokt is approximately 1800 C, and the density 
is 9.1 g/cc. 

Precise lattice parameter measurement is forthcoming. 

The 
kherent error in this procedure lies 

With these 

Plutonium Nitrides 

Initial investigation was begun or, PUN. 
shm synthesis rnay be accomplished by flowing NH3 over W3 at 550 C. 
experiment similar to this will be 2erf'ormed during the next reporting 
period. 

Experiments reported at Los Alms 
AL 

The initial attexqt was made to form PUN by arc-melting alpha plutonium in 
a nitrogen atmosphere. 
with a shiny, black substance which readily oxidized in a one percent 
oxygen - 99 percent nitrogen atmosphere. 
identify the product. 

The surface of the plutonium metal button coated 

X-ray analysis wili be ued to 

Gas Evolution Studies 

Cas evolution experiments were performed using carefully chosen samples 
representative of a sitigle comercial lot of fused U@. The ranges of 
particle sizes studied were: -60 +8C mesh (U.S. standard mesh sizes), 
-80 +lo0 mesh, -100 +200 mesh, and -200 +325 mesh. Specinre= weighing 
0.12 gram were heated in a tantalum crucible tc ih60 C and the evolved 
gases were quantitatively measured ir a hm volume system. 
analyses by a mass spectrometer will be made shortly. 

Qualitative 



To establish the gas contribution attributable to the tantalum crucible 
alone, the empty crucible was heated at 1460 C until the pressure in the 
system remained constant. 
observed. Each UCQ specimen was run repeatedly until the outgassing of 
the powder was complete. In most cases this occurred during the second 
heating cycle, giving an indication that all gas had been evolved from 
the U@ during the first cycle. 

SpecirPens were held at 1460 C for one hour prior to masurement of the 
evolved gas. 
hold at 1400 C for two hours before outgassing was complete. 

Preliminary gas evolution data are shown in the following table: 

A pressure increase of 10 2 3 microns was 

In the case of the -60 +80 mesh sample, it was necessary to 

Particle Sizes Gas Evolved (cc/gram) 
(U.S. Standard) at 1460 C for One Hour 

-60 +80 0.46 
-80 +loo 0.25 

-100 +200 0.25 
-200 +325 0.ll 

If the gas evolved were only adsorbed, surface area cons,uzrations pre-it 
a trend opposite to that shown above. The observed phenomenon could pos- 
sibly be due to mechanically entrapped gas which may conceivably exist in 
greater quantities in the larger particle sizes. 

Zr@-Pu02 and MgO-PuO2 Fuel Capsules 

The sixteen capsules containing Zr@-Pu@ and MgO-Pu@ fuel material have 
been completed with the exception or' autoclaving. All the capsules were 
clad in 0.035 inch thick Zircaloy and the MgO-PUO;! capsules were assembled 
by shrink-fitting into large diamter aluminum sleeves for heat transfer 
purposes. 
of the irradiation conditions is given in the following table: 

The irradiation test proposal is being prepared. A brief summary 

NO. Of 

Capsules 

2 
2 
2 
2 

2 
2 
2 
2 

Parer 
Generation 
(-/st) 

17 
22 
17 
22 

29 
50 
29 

Center Core 
Teq. (OC) 

1680 
2800 
1650 
2740 

1700 

205 
1700 

UNCLASSIFIED 
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IrradiatioE of Impact-Fo-rIlled UQ 
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A photomosaic of the cross section of an irradiated, high-energy-impact- 
formed V@ fuel element core revealed in-reactor satering 8~3 grah 
growth geEerally similar to that observed in other types of U@ after 
irradiatim at conparable heat ratings. 

Ultramicrctanly cf UO2 

Tests were conducted at the electron microacopy laboratory of California 
Research to determine the feasibility of using an ultra-microtome for 

thin sections from U@ crystals fcr reflection microscopy studies. 
SpecFmens transparent to electrons were produced, but they were badly 
fragmented, and little or no control of sample quality was achieved. 
The mithicbess was approximately 200 A. 
colldxted -2 a microtome vender's laboratcry, with a microtome claimed 
to provide a lower thickxiess limit of about 70 A. 

Addirional t.ests will be 

Metallography of Th@-U@ 

Difficulty has been encountered in etching metallcgraphic samples of The: 
Uo;!. 
in a boil- mixture of 100 ml of concentrated mO3 Fius one drop of €E'. 
Etching time varied from15 to 45 seconds: depending on the ratio of The 
to 'J@ in the sample. 

A satisfactory etching technique consists of inneersion of the specimen 

Electrm Mcroscmy 

Application of Fiber Optics. 
optics systems manufacturer, to assess the potential value of fiber optics 
in electron dcroscopy. 
Particularly interesting was the use of a phosphor-coated fiber bundle for 
the microscope screen, to allow increased Fhot3graphic sensitivity (up to 
100 times faster), and to couple the microsccrpe -ith a low-light-level . 

television system. 
determined by fiber diameter (mFnimum 2.5 microas), method of bmding 
fibers, and main3enance of fiber position. 
tained for evaluation. 

Discussions were conducted with a fiber 

Several pronising areas of applicatim- were fotlllde 

Limitations appear t.c be mainly iL image resclution, 

Sample fiber bundles were c5- 

Refractory Alloy Temperature Indicators 

Refractory metals are being considered for use as in-reactor temperature 
indicators in fuel elements. Fine, angular, metal particles dispersed 
in Uo;! should change in microstructural appearance on particle shape at 
the in-reactor isotherm corresponding to the melting point of the =tal. 
Several pellets containing ~WG w/c of molybdenun (melting point 2620 C) 
as -200 +325 mesh powder have been examined by ex-reactor heating with a 
high thermal gradient. The post-heating microstructure showed no change 
in molybdenum particle appearance in the zone in which they had been 

I250';3b 
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molten. 
the molten zone had been expected. 
shapes will be similarly evaluated. 

A change from angular particles to more rounded particles in 
Other metals and alloys in various 

Electrodeposited Uo;? 

Electrodeposited Uo;! was partially purified (as shown in the following 
table) by heating in hydrogen at 1000 C for 10 hours. The Uo;! was 
treated as recovered from the electrode, without the usual aqueous 
washing treatment for salt removal. 

Effect of & Treatment at 1900 C 
on Salt Cmtent of Electrodeposited Ua 

As electrodeposited- I 

unwashed 1400 12,100 2.013 
After treatment 360 250 2.001 

Fused UOr 

The effect of uranium nitride inclusions on internal pressure as a 
function of temperature for fuel capsules containing fused U@ is being 
determined. 
inclusions, was heated for six hours at 1000 C in nitrogen. 
content increased from 150 to 450 ppm. 
the presence of a new component, tentatively identified as UN2. 
graphic examination revealed a change in the appearance and shape of the 
inclusions. 

The fused U%, which originally contained uranium metal 
The nitrogen 

X-ray diffraction analysis shared 
Metallo- 

A swaged stainless steel fuel capstile containing the UCQ described above 
was equipped with a capillary tube and pressure transducer, and heated. 
The rate of increase in pressure from room temperature to 600 c was 
approximately the se as that previously measured for a capsule filled 
with sintered and crushed U0;1. 
crease, indicating a gettering action occurring within the capsule. 
maximum pressure observed, 125 psig, occurred at 610 C. 

a maximum temperature of the experiment, TOO Cs was 100 psig. Additional 
exper-nts will be performed, extending the temperature range to 1000 Cs 
so that a comparison can be made between measured pressures and those 
predicted from vacuum gas extraction analyses of the U@. 

, 

Above 600 C, the pressure began to de- 
The 

*The pressure at 

High Parer Laser 

GEL has initiated development work cn the 'use of the laser as a heat 
source for exploratory welding and cutting studies. Threshold laser 
action of the large ruby crystal (0.6" OD x 8" long) was reached with 
11,000 joules of energy. 
power supply for higher laser output. 

Additional capaci%ors are beixq added to the 
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4. BASICSwELLINGPRoGEiAM 

Irradiation Program 

Capsules 7 and 8, each COSitabhg three, hollm, split9 uranium cylinders, 
have been discharged frmthe reactor. 
temperatures of 525 C and 575 C, respectively, regardless of reactor 
operation. 
retained their origizal integrity throughout the irradiatioz. The speci- 
mens in these capsules were subjected to one serious thermal cycle dura 
their irradiation; this occurred when the electrical power supply to the 
heaters was accidentally lost. Subsequect re-establishmezt cf the power 
supply and improper instnm~nt operatior: caused a thermal excursiori intc 
the high alpha or low beta regian for a period of almost one minute. It 
is not known whether or not an excuraiol; of this short duration will sig- 
ni?icantly alter the swelling that wmld have otherwise been observed. 
The capsules will be stored i~ the reastor basin uti1 they have "cooled" 
sMficient2.y to be ha=dled 3 Radrometallurgy where they will be cpened, 
and the specimens reccvered for examination. 

These capsules Operated at constazrt 

All capsule components, bcLding the thermocouples and heaters, 

Four additional capsules, each of which cmtains three, hollow, sFlit, 
uraGium cylinders, are ready f9r charging in taniiem, two to each test 
tube. These cspaules wilL be charged for irradiation upon cornpietion 
of control hstnunexitatiori tests. An adaitional capsule that contained 
an open circuit in its heater and a small leak or4 its inner chamber has 
been repaired ad is ready for laboratory +,ests, 
capsale is bekg used at the reactor tc test a new icstrument facility. 
Redesign and modification of a capsule to be used fcr metallographic 
studies on uranium has begun. All critical components suck as the heaters 
and thermocouples are a-lrailable and a prototype capsule kccrpcrating 
design modifications is being assembled for tests, 

A previously assenbled 

Four m~tored NaK-filled capsules, each car;.taxkg six sanples have 
been charged into the MlTR for irradiatfm at ambieat temperatures. The 
smples are U-U diffusion couples which consist of 1/L inch thick slices 
from a Zircaloy-2 clad ext-ruim that has a ura~ium core contaking 
0.15 percent U-235, and a 0.030'' w~rilum sheli contair;in& three percent 
U-235. It is intended that two of &the capsuLes be irradisted at a flux 
of 5 x 1013 nv for a-o cysles an6 the other Swo for f9ur cycles. 

Post- IrradiatioL Examination 

A specimen of r;atural uranium, GEH-14-36: irrdiated in a NaK enrirmmezt 
at temperatures below 200 C to a nominal bmup of 0.26 a/o has been sab- 
jected to post-irradiatirn examinations, both before and after a oIie hour 
annealing trea-nt at 600 C. 
chemically fcr burnup arrd the results indicate that the nombial bmup 
value, 0.26 a/o, is in error and should be 0.17 ais. With tnis bmup 
the observed swellicg due to irradiation 
ing treatment agrees much better with swelling data previousiy obtained 
for uranium subjectea to pos$-irradiatlcrz annealkg treatments. 

This specimer; has been analyzed radio- 

the pst.-irradiation anneal- 

UNCLASSIFIED 
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Two hollow cylindrical specinrens, each xith a thickness of O.O3O", from 
swelling capsule 6 have been annealed for 100 hours at 575 C and 615 C, 
respectively. These specimens had been irradiated at 320 C to a burnup 
of 0.034 a/o, and initially showed nc evidence of internal porosity. 
The specinrens had been irradiated in the as-extruded condition and con- 
sisted of fine, equiaxed recrystallized grains. 
treatments caused a significant change in the grain size. 
annealing treatment at 575 C, very sparse porosity located randomly 
throughout the specimen was detected by electron microscopy. 
of the specimen annealed at 615 C, far more porosity (increase in number 
and size of pores) had developed, and the major porosity was present at 
the boundaries of the small, equiaxed grains. 
tures differ by only 40 C, it may be presumed that gas mobility increases 
markedly at a teqerature of about 600 C. 
reached in previous analysis of pore size distribution curves derived from 
unrestrained annealing studies of uraium irradiated to 0.29 a/o burnup 
under conditions of restraint. 

Neither of the annealing 
After the 

In the case 

Since the annealing tempera- 

This same conclusion was 

A spherical specimen of uranium irradiated to a burnup of 0,28 a/o at a 
temperature of 615 C has been annealed for 100 hours at 615 C, and prop 
cessed for mtallography. 
specinens which were also annealed at temperatures equivalent to the 
irradiation temperatures will be utilized to establish whether porosity 
in the as-irradiated state of these spec-ns had attained an equilibrium 
configuration. 
metallographic determinations of volume changes due to swelling induced 
by annealing will be made. 

This specimen together with similar spherical 

Both immersion density measurements and quantitative 

Pore Size Distributions 

Computer input data from pore diameter nieasuremeats of specimens from 
capsule irradiations, both before and after annealirg, are being obtained. 
Many very small pores, 400 to 1000 A in dieter, are present in a 
spherical specimen irradiated mestrained in NaK at 575 C to a burnup 
of 0.28 a/o. 
curves, these small pores are neglected. 
to establish whether post-irradiation annealing at 575 C has changed the 
initial size and number of pores in the specimen, additional micrographs 
at higher magnifications, 35,000 X, have been obtained. These micrographs 
show the small pores at a size sufficiertly large tc be measured with a 
Zeiss Particle Size Analyzer. Measurement on these micrographs is in 
progress . 

Normally for a determination of pore frequency distribution 
Since it is of extreme interest 

A recent computer program has permitted calculation of apparent pore size 
frequency distribution curves for two hunared individual electron micro- 
graphs. This information, together with tAal pore volume estimates will 
be utilized to check: (1) heterogeneity and hcmogeneity of pore distri- 
bution data from various areas on a given specimer,,, (2) variances due to 
particular parameters, such as burnup, temperature, etc D, and (3) pore 
size distribution and total pore volume changes. 
then be used to deduce whether pores grow by an agglomeration or by a 
diffusion process. 

This information will 

UNCLASSIFIED 
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Fission Product Mobility 

(he of the U-U diffusion couples, GEH-14-281, has been vacuum annealed 
at about 500 C for one hour employing a slow heating an& cooling rate. 
This sample is now being processed for changes in hardness and metal- 
lography in the vicinity of the U-U interface. 
have been @e across the as-irradiated U-U interface, but the wide 
scatter in the data makes interpretation extremely difficult. 

Microhardness traverses 

5. m-REAcpm MEASUREMWT OF MECHANICAL PRO- 

In-Reactor Creep &asurem?nts 

An in-reactor creep test is being conducted at 310 C and 30,OOo psi stress 
on a 20 percent cold worked Zircaloy-2 specimen in a capsule modified with 
water cooling jackets. 
Capsule III-3, was modified by installing water cooling jackets immedi- 
ately over the heaters. 
cooling to maintain a 310 C test temperature previously unobtainable in 
the helium cooled creep capsules. 
with the use of separate controllers on each of the heater sections in 
the capsule giving an end-to-end temperature gradient on the specimen of 
less than 1 C. 
potentionreter from calibrated chromel-alumel thermocouples. A stress of 
30,000 2 150 psi was applied to the specimen after the reactor had come to 
full paver. 
creep data obtained in another creep capsule run outside the reactor. 
Camparison was also made with calculated rates for the same stress and 
temperature conditions. initially, the in-reactor rate was much lower, 
as was the total plastic strain. 
creep, the in-reactor rate approaches the ex-reactor rate. If present 
trends continue, the in-reactor rate will exceed the ex-reactor rate after 
about 700 ours. The instantaneous creep rates at 300 h s are 
2.2 x lO-'in/in/hr for the in-reactor test and 2.7 x 10' for the ex- 
reactor test. 
reactor and 0.262 percent ex-reactor. 
such that transients, if they do occur, can be followed through reactor 
shutdm and startups on this specimen without upsetting temperature, 
stress, or calibrations. 

A third generatian creep capsule, designated 

%e water cooled jackets provided the necessary 

F'inal temperature control was achieved 

Temperature is measured Kith a Leeds and Northrup K-3 

The in-reactor creep test data Were conpaxed with ex-reactor 

As the tests continue into second stage 

Total plastic strain at 300 hours is 0.122 percent in- 
mtrumentation and control is 

. 

Capsule and Instmnt Developlnent 

In order to conduct creep tests in the reactor in the 250 C to 400 C 
temperature range, future capsules of the third generation type must be 
internally cooled. !The next capsule for charging, Capsule 111-5, also 
containlrq a 20 percent cold worked specimen, is being modified with water 
cooling jackets. In addition to the water cooling, one mare of the con- 
vectian baffles is being removed so this capsule will operate in the 
region of 220 C to 250 C. 
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6. 

Tests of the thermal properties of the creep capsules have been completed 
by simulating gama heating in the laboratory. 
prior predictions that the convection of helium is the controlling mode 
of heat transport. The data when correlated with previous reactor thermal 
behavior can be used to predict the operating temperatures of a capsule to 
within 10 C. 
water cooling. 
which the capsule can be operated results fromthe introduction of water 
cooling. 
will help overcome this limitation. 

The results agree with 

These correlations also apply to the capsules with internal 
However, a marked reduction of the temperature range over 

Increasing the capacity of the electrical heaters in the capsule 

GAS-GRAFEITE STUDIES 

EGCR Graphite Irradiations 

The H-3-3 capsule containing EGCR graphite has operated through three 
periods in the GE!TR and is being removed for disassembly. 
are that the capsule worked perfectly through the last irradiation which 
brought the exposure to approximately 60,000 MWD/AT (EGCR) at the peak 

All indications 

flux positions. 

Irradiations of Special Graphites 

A reirradiation of Dragon Project and Armour Research Foundation graphites 
developed for fuel matrices was recently completed. 
irradiated in non-instrumented capsules, their irradiation temperature was 
estimated by heat transfer calculations. 
was 500 to TOO C. The contraction rates were relatively high compared with 
nuclear-grade graphites, as tabulated below. 

. 

Because samples were 

The estimated *emperatwe range 

Graphite 

ARF- 2- 4 

ARF-3-2 

Hx-10 ( ) 
Ex-10 ( ) 
Hx-12 ( ) 
Hx-12 ( ) 
EY-x-60 ( ) 
EY-x-60 ( ) 

12 0 93 
8.62 
12 93 
8.62 
12 e 92 
8.62 

$ Length 
Contraction 

0.098 

0.309 
0.126 

0 e 182 

1 271 

0.295 . 
0 730 

0 942 
0.429 

0 711 

These samples will be irradiated again several. times. 

Oxidation Studies for EGCR Hazards Evaluation 

A program was conducted to determine the influence of water vapor on air- 
graphite oxidation rates for EGCR hazards analysis. 
trations ranged between 0.05 wt $ and 22,4 wt 5, temperatures between 

Water vapor concen- 
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500 and 600 C, and graphite chemical reactivity from 1 tc 2.5 (CSF = 1.0). 
No catalytic effect on oxidatioc rstes by water vapor was discemible. 

Graphite-Water Vapor Reaction under Gamma Irradiation 

A third series of measurements in the Co60 gamma facility on the rate of 
oxidation of !EX graphite by He containing a slllali partial pressure of 
QO Vapor have been completed. !5e cylindrical graphite sample upon which 
the oxidation measurements were made had e 3/16 inch di-ter hole drilied 
dam its axis thereby increasing its surface-to-volume ratio by about 70$ 
over that of the solid cylinders used in the previous tests. The net H20 
vapor concentration ranged from 15 to 40 ppm. 
tained are compared belaw to those found during the second series of rate 
measurements in which 8 solid cylinder of TSX graphite was employed. 

Rate (Solid Cylinder) x lo6 

@O conc. = 155 ppm 

Net oxidation rates ob- 

Rate (Hollow Cylinder) x lo6 

eo conc. = 15 to 40 Ern 
(dgm w (dgm hr) 

- TOC 

500 
600 

700 

- 1-42 
- 1.97 
- 2.95 

-- 
- 0.54 
- 0.89 

It is readily apparent that even though the H20 vapor concentration was 
appreciably less in the case of the hollow cylinder, its increased surface- 
to-volume ratio resulted in a pronouriced increase in the oxidation rates. 
An explanatian of this effect will have to await the accumulation of ad- 
ditional data. 

A calculation of the activation energy yielded a value of 5.4 kcal/mole, 
wbereas that found for the solid cylinder was 8,8 kcal/mole. 
low reaction rates are subject to relakively appreciable experimental 
error, it is not presently knm whether this difference is significant. 

Because the . 

Them Cycling of Coated Graphite 

The thermal cycling of coated graphites in air over a temperature range of' 
250 to 1200 C has continued. Three samples of' Speer 901-S graphite coated 
with pyrocarbon and, Si-Sic have been tested and performed setisfactorily. 
Five samples of Si-Sic coated, Great Lakes AX-75 graphite with =rims 
geometries have survived the tests. All coatings were prepared by the 
Minnesota Mining and bknufacturing Co. In the fcllming zabalation of 
results, Speer graphite is designate9 3y the prefix SP, whereas samples 
of AX-75 are designated by the prefk A. 
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Ihitial No* of 
Geometry Weight(gms) aW(gm) Cycles w 

SP-1 
SP-2 
SP- 3 

A-1 
A-2 
A-lb 
A-Zb 
A-1 rppd 

0.292" dia. x 1.05" long 1.9232 
11 1.9761 
I1 2.0088 

25 e 8223 
n 26.0285 

2 4377 
2.3553 

0.5" x 0.5" 4" 19.1011 

0.5'' dia. x 4" long 

0.5" dia. spheres 
11 

Rectangular parallel-piped 

+o .0012 
+O 0014 
+o D 0002 

+o 0038 
+o e 0029 
+o a 0008 
+o 0001 

+o .0030 

900 
955 
390 

1033 

7. GRAPHITE IRRADIATION DAMAGE STUDlEs 

-d in a Samples of TSX, CSF, and Eatural flake graphites were encapsulat, 
graphite cup for irradiation in GEH-13-8. 
sample after cathodic vacuum etching and after subsequent oxidation at 
850 C in tank helium containing a small amount of water. In additinu, 
optical micrographs, in bright field and polarized light, were taken to 
aid in locating areas of interest for post-irradiation examination. 
X-ray determinations of crystallite and lattice dimensions were taken 
just prior to encapsulation. 
the bar fromwhich this sample was taken w8s not typical. 
were also obtained from the same bar. 

Replicas were taken from each 

The results for TSX tend to confirm that 
High ash values 

Ten sanples of TSX from 8 bar verified as typical are being prepared for 
etching studies and some of these will be included in future irradiations 
for microscopic studies. 

AluDlinm Corrosion Under Heat Transfer Conditions 

Corrosion testing of x-8001 cladding under conditiom of high .heat t.ransfer 
continued during the month. 
temperature of 600 F using high purity deionized water. 
30 hours of testing the temperature drop across the water, oxide, and crud 
films increased from 43 F to 59 F. 
and planned shutdowns of the loop cause thermal snocks large enough to 
flake off corrosion prcduct oxide as evidenced by decreased temperature 
drops across the film at these tines. 
creased to as high as 68 F, sloughing off of oxide has brought the tempera- 
ture drop dawn to as low as 52 F. 
hours the value of the temperature drop increased from 52 F to 60 F, 
indicating a gradual buildup of oxide and/or crud film is occurring. 
Coupons of x-8001, 304 S/S, and Wrcaloy-2 have been discharged for corro- 
sion measuremnt, but the data are not as yet available. The test has now 
operated a total of 602 hours at 600 F and a pH of 6 to 7. 

The test is being operated with a bulk water 
During the first 

It has been observed that accidental 

While the temperature drop has in- 

During an uninterrupted period of 286 
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Aluminum Alloy Development 

Several melts made to determine the reproducibility of the corrosion 
resistance of +&ee high purity base aluminan dloys have LOW received 
an exposure of one year in 360 c water. The three a~oys~ represezzted 
by six melts of each fodetiac, are (1) 0.64s Ni, 2.1$ Fe; (2) 1.25 Ni, 
1.8$ Fe; and (3) 1.5s Ni, l.5$ Fe, all prepared frcm 99.995$ base 
aluminum. 
the highest penetration being 0.58 mil. 
shows a penetration of about 12 ails.' 

After six months of exposure to 360 C water, melts of the 1.2s E, 1*8$ Fe 
in 99.9959 base aluminum fabricated to dete-e the effect of casting 
variables still show that the only chaxige in casting prccedure which 
affected the corrosion resistance of the alloy was a slow cooling rate. 
Different holding times, holding temperatures aod pouring temperatures 
have not changed the corrosion characteristics of the alloy. 

At one year all these melts still show very low penetrations, 
x-8001 at one parrs exposure 

Developnrent of an Ultrasonic Test for Sheath Tubes 

Analysis of the results of inspecting recent shipments of Zircaloy sheath 
tubing reveal that the major cause for rejection is the occurreme on the 
inner surface of impressed particles whizh may or may not be associated 
with small cracks. 
test fof sheath tubing has been shm to be insensitive to the majority 
of these impressed particles. Consequently, a series of pit-t;ype standards 
is being prepared to study methods far increasing the sensitivit,y of tne 
ultrasonic test to this type defect. The presence of large grains in 
Zircaloy tubing has been reponed tc cause objectimable noise ir the 
ultresonic test. To measure the magriitude of this effect a series of 
standard flat plate sanples is being fabricated with varyiZ;g grain sizes. 
Grain diameters under 15 microns were obtained by low temperature short- 
time annealing during the rolling process. 
1400 F for five hours produced slates Kith eo average grain diameter of 
25 microns. Both small am~u~lts of cold work and high-temperature long- 
time anneals are being utilized to prcduce plates with grain diameters 
greater than 25 microns. 

As currently used at HAPO, the immersed ultrasonic 

Anneals in the range of 

. 

Magnetic Force Welding SAP 

Welds performed on M583 and SAP930 alloys are equivalent to welds obtained 
on a57 material. 
operatianal limits established for each parameter. 
being evaluated to determine consistency of the welding process using 
the apparent optinarm weld conditioas. 

All welding parameters have been investigated and 

Welds are presently 
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Boiling Burnout Studies for lg-rod hrel Elements 

Fourteen boiling burnout points were determined in the laboratory with 
an electrically heated model of a 19-rod bundle fuel element. 
data are the first of a series planned under the cooperative USAEC-AEcL 
program to provide information for design and hazards analysis purposes 
for 19-rod bundle fuel elements. 

These 

The test section was made up of 19 Inconel tubes, O.56h inch OD, 
18 inches long and were installed in a 3.25 inch ID vertical process 
tube. 
spacing between rods and to promote coolant mixing. Fourteen of the 
tubes had thermocouples placed to measure the inside surface temperature 
one inch framthe downstream end. The inner seven rods had about 83$ of 
the heat flux of the 12 rods of the outer ring. This approximates the 
radial power distribution of a 19-rod fuel element in a reactor, 

The tests were perfonded by setting a flow and inlet water temperature 
and then increasing the power in steps until boiling burnout was reached. 
The onset of boiling burnout was indicated by a temperature excursion of 
one of the surface thermocouples. The tests were performed at a pressure 
of 1200 psig and at flaw rates of 0.5 to 3.0 lb/hr-sq ft. 
with this test section were terminated when thermocouple readings indi- 
cated that one of the rods had failed. 

Twelve of the rods were wrapped with wire to maintain a 0.074 inch 

EScperiments 

A SUIII~BIY of the burnout results, subject to minor modifications as the 
data analysis progresses, is reported below: 

Out let Steam 

Flaw Rate Heat JXux Outlet Enthalpy Suality 
lb/hriSq ft B/hr-Sq ft B/lb $ by weight 

498,000 
480,OOO 
491,000 
500,000 
492,000 
498,000 
991,000 

560,000 750 
549, cml 708 
621,000 679 
683,000 620 
606, ooo 722 
767 , 000 551 
668, ooo 674 

1,010,000 698 000 631 
973 , 000 770,000 626 

1,000,000 872, ooo 585 
1,g80,000 766, ooo 619 
1,970,000 922, ooo 4 94 
2,000,000 1,058, ooo+ 580 
2,930 9 000 1,037,000 596 

29 
22 

17 
8 

24 
17 F subcooled . 
16 

ms run was stopped short of burnout due to limitations 
of the power available at that time. 
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10. 

Burnout was aiweys detected on rods of the cuter 12-rod ring except in 
one case where burnout occurred on one of the rods of the inner 6-rd 
ring. The color patterns found ori the rods whezl the test sectior. was 
removed provide so= further qualitative information concerning the 
occurrence of boiling burnout in 19-rod fuel elements. 
indicate that the coolant within the bundle had a much higher enthalpy 
than did the water between the bundle and tube wall. Patterns indicating 
the presence of boiling burnout were found OL seven of the twelve rods of 
the outer ring, all on surfaces oriented away from the process tube wall. 
!Three or possibly four of the seven inner rods showed boiling burnout 
patterns, all at the downstream end of the sectiol;. 
that burnout was a somewhat gezleral ?henomeEoE and occurred on a number 
of rods rather than just one. 
the bundle was undoubtedly responsible for the fact that burnout occurred 
on the inner surfaces of the rods, and also occurred on some of the inner 
rods even though their heat flux was but 83$ of that of the outer rods. 
The higher enthalpy of the coolant within the bundle also shows that the 
wire wraps are not perfect mixers! even though other tests have shown 
them to be reasonably effective in promoting mixing. 

The color patterns 

These patterns show 

The higher enthalpy of the water withir 

The boiling burnout heat fluxes found in these experiments were roughly 
the same magnitude as those found us- a single tube with flow through 
the inside. This indicates that severe penalties need not be paid in 
the form of reduced heat fluxes or lowered burnout safety factors when 
using 19-rod bundles as fuel elements in nuclear reactors. 

Efforts were made to apply the data fromthese experiments to the PRTR. 
The experimental heat fluxes were considerably higher than those en- 
countered in the PRTR and it was found that a direct quantitative deter- 
mination of a bttPoUt safety factor for the PRTR could not be made. 
However, it would appear that a bumout safety factor of at least five 
exists for the Mark I fuel elemezt in the P"R at current operating 
conditions. 
at 1305 KW, a power level higher than that permitted for the full length 
(7.33 feet) PFCR fuel element, is some evidence of this. 

The fact that the 18-inch long test section was operated 

The purpose of this program is to investigate the cambined effects of 
radiation and reactor environment cn the mechanical properies of struc- 
tural materials. 
of mechanical property changes produced in metals by irradiation a3 
elevated temperatures in contact with water. 

Special attention will be given to the dete-atioz 

Ten specimen quadrants containing 180 tensile specimens of Wrcaloy-2 and 
types 304 and 348 stainless steel were successfully removed from the 
ETR G7, hot water loop after cycle 41. 
replaced with quadrants containing 44 Zircaloy-2 bend test specimens md 
108 tensile specimens of either type 348 or 304 stainless steel. 
total number of both Wrcaloy-2 and stainless steel specimens dischar ed 
from the loop to date is 288, representing exposures from 1019 to 

These quadrarts were concurreritly 

The 

nvt 
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Quadrant disassembly and shipment of these specimens to Hanford for 
testing is scheduled for next month. 
reached and was successfully controlled at 280 C during cycle 41. 

The loop outlet water teqerature 

The analysis of tensile data for Zircaloy-2 specimens irradiated in 
Icontact with 75 C water to exposures of about 1d-9 and 1020 nvt (fast), 
reveals that minimum plastic stability occurs in the transverse direction 
for the annealed condition. The point of instability is defined as the 
point of maximum tensile load before the onset of necking, and denotes 
the limit of uniform strain. The corresponding true stress and strain 
values at instability for annealed specillrens irradiated to $9 nvt are 
73,000 psi and 0.012 for the transverse direction, and 79,800 psi and 
0.048 for the longitudinal direction. 
77,500 psi, 0.0075 and 82,400 psi, 0.045, respectively. 
the longitudinal direction to be markedly superior to the transverse 
direction in plastic stability. 
instability is observed for cold worked, irradiated specimens. Cold work 
actually improves stability for the transverse direction; whereas, in the 
longitudinal direction 10 percent cold work shifts the point to 89,000 psi 
and 0.015 strain and 70 percent col work subsequently increases it to 
117,000 psi and 0.026 strain (at 10'9 nvt). 

At 1020 nvt these values are 
These data show 

Little effect of working direction on 

Unirradiated, notched tensile specimens representing 0 to 20 percent cold 
work were tested during the month. 
notches having a root radius less than 0.001 inch. 
0.15 inch into a 0.677 inch gage width. 
to indicate the point of transition from slow to rapid fracture. The 
masured ratio of the notch strength to the ultimate strength (of an un- 
notched specimen) was about 1-50 for both levels of cold work. A notcfi- 
sensitive material is arbitrarily defined to have a ratio less than one. 
A value of 1.50 denotes good notch toughness. 
regions of rapid fracture which were 100 percent shear. 
notch strength with strain rate over the Zange 0.005-20 min'l was found 
to follow the relationship d = a + b In € ; where d is the notch strength,? 
& the strain rate, and "a" and "b" are parameters. The respective values 

for "a" and '73" for 0 percent cold work are 95,000 psi and 1,600 and for 
' 

20 percent cold work, 131,000 psi and 1,200. The relatively small value . 

of the slope, '%", again indicates good notch toughness in the unirradiated 
condition 

The specimens contained 60 degree, "V" 

Each notch was cut 
A dye marking technique was used 

This was also shown by the 
The variation of 

11. REACTOR STUDIES PROGRAM 

Conceptual Design Studies 

Follaring completion of the study of a 300 W(e) inverted fuel cluster tne 
supercritical pressure power reactor, the selection of a subject for the 
next conceptual design study has received attention. 
are several variations on the supercritical theme: a 300 W(e) pressure 
vessel-type reactor; a large, 1000-2000 MW(e) reactor; and a small, demon- 
strator-type reactor for evaluating the three proposed pressure members -- 

Under consideration 
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pressure vessel, pressure tube and invenea fuel cluster. 
consideration for conceptuel desiep study are a low cost, process heat 
reactor and a small -- ca. 1 blW(e) -- high temperature, plutocium- 
fueled reactor. 

Also -der 

- 

Bo decision has yet been made on which, if any, of these avenues to 
pursue, but som material has been assembled as a basis for discussim 
of the matter with Cammission personnel. 

Recent work aimed at determining the Ilature and mgnitude of the combined 
.effect of neutroa irradiation and interstitial carbon hpurities on the 
properties of molybdenum can be divided into the following categories: 
development of procedures for preparing and characterizing single crystal 
specimens for pre- and post-irradiation tests; hstallaticn of cecessary 
laboratory facilities for preparing polycrystalline specimens for lhstran 
tensile tests and for stored energy release measurements; preparation of 
foil specimens for optical and electrm microscope deformation studies; and 
fabrication of capsules for irradiating single and plycrystalline specimens. 

A quasi-systematic analysis of the amount of metal removed during rough 
grinding, polishing, and final polishkg by chemical and electrolytic means 
has been made. Three molybdenum crystals 1-1/2" long, one from each of 
three carbor; concentration levels, were muted longitudinally in plastic, 
ground, and then cut into three sections. The three sections from each 
crystal were then subjected to final polish- by (1) a 10-second to 
2-1/2 minute chemical attack with a solution consisting of 10 g IC3Fe(CN)6, 
10 g KOH, and 100 ml eo, (2) a 30-aec;ond to 2 minute electrolytic attack 
in a solution consisting of 25 cc (c) HC1, 1C cc (c) &SO&, and 75 cc methyl 
alcohol at an applied potential of 15-17 volts, ud (3) krypton ion bom- 
bardment for 1/2 hour. As suspected, a proaourced crieLtation dependence 
exists. Certain crystal orientations of the polished surface pitted very 
easily, and these pits delineated a mosaic or cell struszure within the 
grain. Variations ixi the severity of the pitting, and the geometric shapes 
did exist. X-ray diffraction asalpis of the crystallographic orientations 
of these faces is presently being made as a guide for selecting'praper 
final polishing conditiacs. Reliminarytests have also been made of spark 

machining as a means for reducing the cross sectional area cf a molybdenum 
single crystal. 
disturbed metal w2ll be determined by Laue diffractiori analysis. In additioc, 
the effect of annealing treatments on the as-received single crystal specimens 
will also be determirred. 
these crystals due to annealing, all crystals will be subjected to such a 
treatment prior to irradiation. 

Whether chemical or electropolishing removes all of the 

If results show an increase iri the perfectioz of 

'Ihe first shipment of five-mil molybdenum foil with carban impurity levels 
of 100-200 and 400-500 ppm has been received. 
completely dismantled, thoroughly cleaned, and re-assembled. 
temperature control can now be achieved by virtue of a recently installed 
Brown Rectro Volt 3 mode CoEtroller and a Minneapolis-Honeywell Magnetic 
Amplifier with a l5O-watt capacity. 

The vacuum hot stage has been 
Faster 
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Crystallographic orientations have been determined for selected crystal rods 
of nediu and high carbon content. 
be single crystals. Orientation determinations have been discontinued until 
the micro tensile specimens have been cut, whereupon orientations will be 
determined for each individual specimen, 

Of eight specimens, only two proved to 

X-ray diffraction experiments on 100 and 110 faces cut on low carbon 
crystals shar that considerable extinction is present. The extinction is 
apparently of the primary ty-pe. 

Lattice parameters and x-ray line breadths have been measured for rolled 
polycrystalline molybdenum foils irradiated to 1017 nvt (fast). 
parameter for the as-received material is 3.1471 A. 
the lattice paramtier slightly to 3.1472 A. The breadth of the 400 line is 
increased from 0.493 to 0.5850 2 8 by irradiation. Annealing of the as- 
received material does not change the lattice paraxneter and decreases the 
line breadth very slightly from 0.493 to 0.4900 2 8. Irradiation of the 
annealed material produces no change in lattice parameter and a decrease 
in breadth, from 0.490 to 0.4760 2 8. 
unexpected and unexplained. 

The lattice 
Irradiation increases 

The observed decrease in breadth is 

Twelve capsules containing polycrystalline stored energy, electrical re- 
sistivity, macroscupic length, and microhardness specimens have been 
assembled and will be charged into the reactor at the next shutdown. 
tional capsules are being prepared for irradiation. 
used for these irradiations contains less than 200 ppm total impurities, and 
less than 1OO.ppm carbon. 
various carbon levels, obtained by doping this material., 

Addi- 
The molybdenum stock 

Future irradiaticns will involve material with 

Attempts to swage the polycrystalline molybdenum with (200 ppm impurities 
at room temperature have been unsuccessful. 
to plate the molybdenum with copper and nickel, for oxidation protection during 
hot swaging. 
and less than 10 ppm carbon has been successlully swaged to better than 25 
percent reduction of area at room temperature. 

ExperiEnts are now in progress 

Polycrystalline stock with less than 200 ppm total impurities 

E* CUSTOMER WORIC 

Radiometallurm Service 

Thirteen uranium or uranium dioxide Samples were dissolved for burnup or mass 
spectrometer analysis, and nine uranium metal or Pu-U alloy samples were de- 
clad for density measurements. 
metallographic examinatian. 
microhardness traverses were obtained on nine. 
was collected, measured, and submitted for analysis on the mass spectromter. 
A Tinius Olsen Cup Tester was installed in E cell and cclpping tests were run 
on 48 samples (RM 511). 

Five samples were vacuum amealed prior to 
Densities were determined on ten samples, and 

FissloIi gas from eight elements 
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bktallographic examination cf overbore I&E fuel elements (RM 1133) indicated 
that four missing support rails may have been brokeL off during the charging 
operation. 
resulted in severe can k-all corrosion on thai side of the element. The two 
elements which showed a slight hot spot did not suffer any signi" A izant loss 
of can wall by corrosion. 
has shown that the male weld was solid and without visible flaw (RM L3k). 

Reduced clearance and coolant flow caused by the missing tabs 

Examination of a side-other rupture from 1581 H 

A Tinius Olsen Miterials Testing Wchine and a 1650 C vacuum furnace have 
been orde-red to replace the old equipment in the high temperature tensile 
testing cell. 

hktallography Service 

Continued investigation was conducted of the platelets resembling zirconium 
hydride at the Zircaloy-uranium interface of pressure-bonded fuel elements. 
These platelets have now been found not only an specimens which have been 
through the pressure-bonding process but also on specimens subjected to the 
time-temperature cycle of the bonding process without pressure, and to a 
very slight degree on coextruded specimens. They have not been located on 
beryllium alloy brazed specimens, heat treated specimens, or on those sub- 
jected to the steam autoclave. It has not yet been determined whether the 
presence of these platelets has any deleterious effect on the integrity of 
the bond. 

Samples of carbon steel pipe for the NPR primary piping system are currently 
being examined. 
sions in the weld, as well as an occasional cold shut between weld passes. 

Tne failure of a stainless steel water monitor sample line from 105-KE was 
determined to be caused by stress-corrosion cracking. 

In conjunction with some routine electron microscopy work, UO;! and germanium 
were individually evaporated through a small aperture in an attempt to improve 
shadow contrast on the replica. 
sharper than those obtained without using this technique. 

Same defects have been found in the form of slag-type inclu- 

Results to date show that shadow edges are 

Samples Processed During the Month 

Total samples 689 
Replicas 30 

Photographs 

Micrographs 
Macrographs 

5 01 
144 
- 80 Electron Micrographs 

725 
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NPR Charging Wchine 

Wiring of the panels, consoles, valves, switches, and photocells is complete. 
This does not include modifications which have been incorporated since the 
electrical drawings were issued for construction. Checkoct of the electrical 
system was started and is 46 complete. Installation of the 440 volt feed 
to the hydraulic power package is not complete. 
trical portion of the machine is estimated 99% complete. 

Fabrication of the elec- 

All major functions, with the exception of the hydraulic connector assemblies, 
are now operable from the consoles on the regular electrical system (no 
jumpers). 
system is estimated to be 99 complete. Mechanical modification work con- 
tinued during the month, primarily to the end thrust stabilizer assemblies 
and the plug conveyor assemblies. 
cluding modifications, is complete. 

The entire hydraulic system including the high pressure water 

All significant mechanical work, ex- 

APED-matom Loading 

Examination of the U%-1.5 Puo;? sintered pellets made for the Euratom recycle 
program showed local areas of unusually high activity as determined by a 
gaprma spectromter. The principal peak investigated was the 60 kv gamma 
from Am241. 
the suspect pellets. 
firmed by dark spots on the film fromthe same area. 

These areas have been checked with x-ray film wrapped around 
The high gamma spectrometer readings have been con- 

Since the pellets showed no significant variation from the desired composition 
when they were ground up and analyzed chemically, it is assumed that these 
spots of high gamma activity must be either surface contaiiation from 
handling, a migratian of Pu@ during the sintering cycle, or a local in- 
homogeneity due to insufficient mixing and/or sintering 
are all being investigated. 

* 

These possibilities 

Fabrication of Fission Product Transient Capsules 

Development work for the fabrication of 72 fission product transient capsules ' 

for Phillips Petroleum Company has begun. 
inches long with a 0.692 inch ID and a 0.812 inch OD. 
will be high purity aluminum 0.020 inch thick, 
four inches long and 0.020 inch thick containing alloys of Pu-Al, Pu-Al-Li, 
U235-A19 U235-Al-Li, U233-A19 and U233-Al-Li of varying compositions. 

Since a core-to-clad bond is required, the tubes will be coextruded with 
integral end caps. 
will be attempted. 
aluminum spacers. 
reduction in area starting from a 1.5-inch dieter hollow aluminum billet 
extruded over a floating mandrel. 

These elements will be tubes five 
The cladding material 

The cores will be three to 

Due to the short length of the tube, multiple extrusions 
These will have three or four cores extruded with 

Preliminary extrusions have been made at ten-to-one 



Fabrication of Physics Test Standards 

The zero-boron containing elements were shipped to Bettis Atomic Power 
Laboratory. 
extruded and are being analyzed. 
not been cast pending analytical results because only a small excess of 
enriched uranium is available. 
was hewn within f 2 percent, at the 95 percent confidence level. 

The aluminum-boron and aluminum-plutonium-boron alloys were 
!be aluminum-uranium-bora alloys have 

In general, the camposition of the alloys 

For Manager, Reactor I$nd Fuels Research 
Research and Development 
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Kinetics Calculations for HTR 

At the request of personnel in Rels Preparation Deg&xuezrt:, sane ad6itlom.l 
calculations have been made of the conseqyaces of poet-Asteli ster reactivity 
increments in EL% with all. control and safkty mecWem.s bcperative, 
addition to the $1 increment zase reporfsd earlier, inrruoexts of $2 anti 
$0.304 have been considered, 
reactivity of theIETR. 
quenched by the negative fuel and nmieratcr temperatse cseffiefentsp with 
peaking at about 3 seconds for the $2 increment. ami aknt 225 se:snds for 
the 30b increment. 
1500 C range for the large increment, an5 in the 15O-E'jC C rwie for the small 
increment, the variation representing xxerhicties ir- 33.2 Zqeffizimts and 
in assumptions about heat transfer, 

In 

The latt.er ccr?x3pndk r$: t*ie se-l,setaed exzess 
The calrou;lations prer2fr;ted %hat cwzsicns wc2d be 

Metal tanperatues after 4C0 sescx5s were is the 900- 

REACTOR 

OptimiZation of C-Plle Retubed Lattice 

An exponential pile mockup of the C--pile LakkYze -6 5e.p.~ ?Llt t,c nelp estab- 
lish the safety of the mer-bored C-Reaztzr 3u-tng a fixding accident e 

material buckling has been measwed wish vet e-11-N 9x1 ~ie 

measured extrapolation lengths were 0.9 inches FerL;"&iY&sP TO the r~bes 
and 0.9 inches parallel to the Yibes. 

The 
s loaded in 

standard C-Pile process tubes, The 5zzckling 1s 82 f 2 3 10" Fz-2e me 

FPD now has enough C-IV-H reJect fie1 elemeats fcr fhe expcser~%+Jial pie load- 
ing. The bumpers that center the fuel eleniente ir, ;he prrcess f-i.be-5 being 
welded on the fuel elements, 

Effectiveness of Inter& Surfaces 

Preliminary values for the lattice parsnzetezs & ~~5. f ~UJE ':eerA lec~ce", fcr 
the concentric tube fuel in a l4.5-inck Isttlze les.z=.ibES i,n, -k=e Mcn%Pily 
Report - October, 1961. The rneascremecti! ~ere n&e tc, :hc.ak rhe ur~~ual 
shape of the buckling curve fm this fuel and tc fin5 T~h~rher a iatt,ice this 
large could be studied in the Physfal Cccstants Test Rcastcr (FCTR io 
large lattice made the normal fiu mstcbi~~ ~;rocez~~-c i.qr&-?i:.a,L0 The zri- 
terion used, therefore, was that she ad:ci=t ratix y ere xuxtked. Tne leriizcel 
adjoint ratios and the associatea masseE sf i;;zscn &E shew in Tabie Io 
measured values of k, and f are 1isTeC 11 r&Le 11. 

The 

Tke 



Iattice 
~ 

Wet 
Wet 
Wet 
Wet 
m 
Dry 
Dry 

Central Cell Buffer 

(dm2 1 d% - 
0.890 0.814 
0.895 0.846 
0.882 0.865 
(Bctrapolation) 
0.842 0.816 
0.830 o.&g 
(Bctrapolation) 

kex 

Wet -0.076 

m 0 . 034 

4 ml!ai 1 

0.085 
0.055 
0.019 
0 

0.031 
0.03 
0 

f 

0 .m 
0 -858 

Improvement of the l/v Cadmium Ratio 

TIE measurement of the l/v activity induced in a foil is dependent upon  mow- 
ledge of the resonance integral. The difference between the measured cadmium 
ratio and the l/v cadmium ratio is an indication of the magnitude of the 
resonance integral. 
pmed with that of boron, for three different- neutron spec%ra. 

The cadmium ratios of several tietectcrs have been com- 

The results in Table I show that sodium is closer to being a l/v detector 
than is copper for all spectra. The gold ad indium data were taken to help 
detelrmine epithermal flux shape in the region where l/v activation is signi- 
ficant. 
fuel element. 
graphite so that the neutron spectrum approached a Maxwellian with a 1/E 
tail. 

Series I represents measurements taken at the center of a 2.5-inch 
Series II and Series I11 regresent measurements taken in 

Material Series I* 

8.98 
::id (5 mil) 2 -39 
Capper (5 mu) 4 22 
sodium (2 mil) 7 e96 
Indium (8 mil) 

Series II* 

22.81 
4.01 
12.00 
20.20 

* Reported in the Monthly Report - JQv, 1961. 

Effective thichess, 2.15 mils. 

Series 111 

'17.20 
12.05 
42.48 
65.43" 
11.99 

I 
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Eacpanential Pile Measurements for a Reactor 

The A-Reactor is designed with a .075-inch dar steam vent beiaeen the 
process tubes and graphite. In a floodiag accident this steam vent could 
be filled with water which would increase fhe mclear hazid. To measure 
the effect of the water in the steam vents polyetlxyleae sheets were wrapped 
around the process tubes and the material b~ckling was measmed. me poly- 
etmlene has nearly the same absorption and scattering prqerties as water. 
The buckling has been measured with .a0 incdes of polyethylene aroupd the 
tubes to similate half-flooding of the process tu e steam vents. The meas- 
ured buckling with half-flooding is 135 f 3 x LO-' anm2 e-srd to 
116 f 3 x 10-6 for lV-Reactor with no flooding. 
to establish the epDoullt of flooding which produces the largest hicrease in 
buckling. 

Experiments will continue 

Theoretical Analy si8 of the Cadmium Shutter Method in monential Experiments 

A Green's function anslysis of the cadmium shu'=ter method. 
for exponential assemblies. Since the flux obtained with a sbtter in the 
assembly can arise ody fran the- source neutrons above the shutter and 
background, subtracting this flux froan the no shutter flux nct only eliminates 
the effect of background, but also the effect of thermal smce neutrons in 
the measurement region. Consequently, the resulting expression for the flux 
difference in the measurement region is not only simpler than the no shutter 
case but has less harmonic content so that analysis is considerably sfmpli- 
fled. The advantages of this method have been recognized fer some time, but 
the present anslysis is the first to inclv.de effects ;arising from a fast source 
in a finite base and different materials in the base and mascremest regions. 
Provision for use of the above analysis is being incorporated isto program 
VTBCL, and cazparison with experiment will be Wertaken shartly, 

5eea cmpieted 

Lattice Paremeter Calculational Methods 

In an effort to obtain experience in the use of multi-grmp:, rather than few- 
group, difAtsion theory in the analysis of Word-type reactor lattice cells, 
an 18-gra~p calculation of the cold, clean NPR cell has been made with program 
HFN. d;;e grfnci- 
pally to the insdeqpate treatment of the U-238 absorption in the resonance 
region. 

These cross sections were obtained from the 9-ZOOM library tape, and were 
designed for highly enriched homogeneous systems. While sane inaccuracy was 
expected because of the inadequate self-shielding in ty-238, the result was 
larger than anticipated. 
U-238 cross sections are being investigate% 
cross sections for self-shielding, and (2) cdceation of a more detailed 
slowing down spectrum, using C-6 or GAMs an3 3eri.v- XES 18-goucp cross sec- 
tions frcnn this spectrum. 

The resulting kap proved to be inadequate (sune 3Q$ 

At present:, two gossf33.e ways of cbtainbg better 
(a> eorrectim of the present 

Computational Programming Services 

The reactor kinetics code m1p002 has operatd suecessftlly far two different 
types of cases. An impruvement which wil; permi+, the -tion of' as as 

standard equations has been coded as TRIPOQ3:, ad 1s beinq 6eb-;Lggejle 

cqr l2dtJ35 
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A number of requested 0ptiorrs have also been &e< tC TRLpOOl. 
was spent assisting IPD personnel in the cperation c-f the cdeO 

An improvement to VTBCL, the exponential pile date. reductLon program, was 
well received. 
fied for each case. 

SCEE time 

All vital input and outpLt optiort. arc nw printed and identi- 

Instrumentat ion 

mimental tests continued on metho& for mewing the purity of the mflR 
graphite stack. 
special-order ccunaercial tube Crperated the best with counting-rate drifts of 
less than 3$ per day. A charge-sensitive tramistor amplifier was developed 
Snd fabricated for use with the B 
designed to meet the rather 
mpR stack tests. 
White Bluffs. 

Considersble technical assistance was redered to NPR Process Design? and 
Instrumentation Design, CEUO, concerning the slov-scan, gamma energy analysis 
portion of the ITPR fuel failure monitor. 

One set of approval prints was review& and correctd for the NPFl high level 
mtrm flux monitors. Several item required modification to prevent false 
reactor scram. 

The Mark I1 process tube distortion traversing mechanisn; was ccrnpletely assem- 
bled and is now ready for tests on a full-lezgth ex-reactor tube at F Area. 
This test has been delayed due to reactor shxtdawns at K and B Areas which 
have kept the Irradiation Testing people bwy. 
time aut to assist in nanning the tests. 

A Mark 111 traversing mechanism has been aeeigned. 
of this new model art simplicity of constructionu ease of decontanbation, 
reduction of traverse time, and greater accuracy. 

mpR Project Section requested technical assiat;ance to: (i) Wt the NPR 
flow monitor specifications and purchase, (2) consult regarding deeim of 
the integrated Temperature Monitor ad pats Logger and &velap Wormation 
needed for reliability studies, em6 (3) Study and analyze iastmentation for 
the lOg Building (Heat Exchanger) as it is developed aad preact the expected 
system's reliability. The flow monitor has been studied @te thoroWh2.y and 
a few late revisions axe being evaluated. 
in emu December to the Temperature Monitor d Data Logger vendor's plant. 
A start was made on analysis of the 109 Building system. 

The proposal being considered by IPD for experimental fuei rupture detection 
equipment for the PRTR Rupture mop was extensively revised? ad new coat esti- 
mates were prepared. 

A number of local and cmmercial BRj tubes were teste&. One 

tubes. 
dimensi@naJ. reqtsirements for the actual 

Trial assembly tests were run in the full-scale mochp at 

A special detector hmsing was 

They have been &le to take 

The hoped-for advantaqes 

A trip is planned to Los Angeles 



systems Studies 

A six-node reactor speed-of-control model with reactivity ar!! metal tempera- 
ture feedback in each node is presently being stdied oc the GEDA and EASE 
canputers. 
was placed on the coquters. 
puter time e 

The VSR withdrawal rate problem, which rewres simulation of reactor opera- 
tion during startup, has been prepared; the problem will be studied on the 
analog ccuuputer as soon as camputter time is available. 

Valid results were obtained within three days after the problem 
This prcblem will use ab9125 fow weeks of can- 

Production Test IP-439-C0 "Rod Position Change VersGs Neutron Flu", for 
experimental. reactor aynrunics data acquisition has been appruved, and installa- 
tion of the test ewpment at 105-KW is pla,nned for the lLext scheduled shut- 
dam. 
to installation of the in-core monitor instrumentation at the 50-foot levelp 
rather than in the control room. Since it is desirea to reccrd rod position 
and flux on the same recorder, it was decided to locate the recorder at the 
5O-Poot level and transmit rod position ipfamtion to the recorder via a 
multiconductor cable. 
instsllation is in progress. 

Sane modification to the test equipment arraqement was required due 

The cable installation has been cmFleted and equipment 

A meeting was called by Operational Physics, IpD, to discuss the rofl control 
logic to be used in the forthcoming autcmatic control tests at 100-D reactor. 
Control of the half-rods will be in acconiance with a methodg outlined by 
C. D. Swanson in a~-69851, which re&uces the number (;9 rcd movemeas rewred 
under certain conditions. Instrument Development Operat;ion, IPD, has determined 
that .magnetic amplifier control units having the rewired zero shift; stability 
and resolution are available. 
cessed (by IPD), and 12-week delivery Is expected. 

A purchase order for these xnits'is being pro- 

Frequency response tests on the metastable xeaon simdati.cn to date indicate 
that the major effect of changing the relative absorption crcss sections of 
metastable and ground state isomers is to change the system gain. 
appears to be very little change in the phase respcme. Addi$fonal frequency 
response tests are planned before the kinetics and xepon sbdations are can- 
bined. 

There 

A reactor instrumentation study was made tC determine the effect of time delays 
introduced by the instrumentation on the reaetcr cutlet taperat-;re as a $unc- 
tion of reactivity, 
trips set for various percentages of power level and fcr -~-arims outlet +em-. 
peratures, and instrumentation time deiws of O? l9 and. 2 seconds ad several 
canbinations of resistance tpmperatrrre detect2r time constants. The resclts 
were very good. 
study, which required three weeks of captiter tlme. 
not conform to expectations. 
?@09 and the results obtained there Nly n-onfimeci those cbtaued frm the 
analog. 

The variable parameters f'x this sta2.y qere: "sera" 

The EASE computer worked extremely well t'mwcut the entire 
However, the resdts did 

Some identical test cases were rxi on the IBM 

The study was completed in November. 

I250501 
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Criticality Bcperiments With Pliztaiicm Sclctims 

Criticality studies of plutonim nitrate solcClonE i~ a 14-bc1 &emer,er sphere 
were continued. !Che concentrstion of z1Etcd-a in tkse scl'ctx- was 

130 g/# with the acid molarity being r~ six.. 

An effort was made to correct the meamre& critical ms v63.uas of thf 
ncarisall;y reflected sphere ( one inch of WaffiL) for the effect caused by 
the thin stainless steel of the veseel. 
ferent layers of thin stainless steel [G.O36-kich9 a.aL 0.OP-mch) tc the 
critical assembly vessel before the addi%xcz cf the me-inch thick paraffin 
reflector. The critical mass for the lk-inch sthere,. reflected, ow with 
paraffin, could then be detexzriind from extrapclatlon of the carve of critical 
mass versus stainless steel thickness. 
ness of the paraffin refiector to be eligkly re3xe& because of the stahless 
steel. 
less were the stabless steel she= Gf tie sessel tc be remved. 

This WBE 5- by ang setreral dif- 

Tne meriments showed the effective- 

The critical volume of abolit 2E lit2rs vcd& have 3een - 0.35 liter 

Rom previous measurements with the sphere bare, it wa noted that stainless 
steel in small thicknesses was eqyivalent. to sciztioz VG~UW; the critical 
volume was reduced by the volume of st-ess steel &et2 to the ressel. 

In one case the reflector consistea of 6. 0.05O-i!lch layer of cadmium plus one- 
inch of paraffin. 

The results of the criticality experiments ccqleteii &zug Nowsber are sum- 
=ized in the following table. 

There were sane inconsistencies in the data 3ecasse =f the fact that the para- 
ffin was distorted fram its original ahape sheo be- positiozieb mer the 
slightly larger sphere with the added leyers of stmess steel, i.e.: the 
critical volune with only the garaffh reflectcr in Siace was slightly dif- 
ferent befcre and after the experante vlth the stainiess steel. FGF this 
reason, another paraffin reflector ww made ueb tc frirther check on the 
effects of the stainless steel shell. Althaigh the abacic3r -~&l-z of the 
critical mass was slightly different (grembly becue of O~LT h.Sbflity tc 
make tu0 like reflectors), an extra lqyer of stahless steel %as cbserveb tt;o 

produce essentially the sarne net effect as previmly. 

There also appear to be sme inconsistencies in the resrlts of the chemicd 
analyses pertaining to the acid malarity tie+,errmzlatiGm which ileed to be 
resolved . 
Period measurements were I?~L in several of $he critical assemblies to test 
the period measurement and level potentiometer urstraentatiorz bnd to eval- 
uate differential control rod wort&. The period and ievel potentiameterl 
together with the tjming cirdts, perfcrma satiof6ctczUy. 
culties with the In N and period amplifier ic the safety circbit Gf ch-1 
five (high level) prevented other thaz a fev periods being meuwed in each 
case, because of inadvertent scrams caiseb by line transients acTivetin& zhe 
period trip. 

Hawever, Ufi- 

Efforts are currently b~ing &e to correct this co&ition. 
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subsequent experiments, the 14-lnch spLe..re 1s 5: be filly reflect.& with 

water and also with layers of concre'ce ij: fc-z 6~1.~ tes-lnch zhsknesses; 
the pouring of the special concrete pieces neebe5 t.c form the nestlng shells 
for these units has begua. 

On the morning of October 31, 8 plutonim leak 'J&& 6~6cwered Fn the critical 
assembly hood. 
following entry into the hood for Lnstmnest repdrs. 
tion at - 130 g AJ1 had leaked through a dafemi-c airdye and dripped onto 
the floor of the critical assembly hood. 
tamina,te the floar area in the criticaL assa%.y rxm vkcn 
nated mer leaving the hood; this cle-p was accmiish5d &ring the same 

of the occurrence. Three more days were reqyised hare\*er, to obtain a 
new valve, replace the defective Wz, aad aecontammate the interior of the 
hood. 
natian process. One case of minor skin contnminlr,t.lm occ!.rirre& during the 
replacemx~t of the valve when some plutoz5m sclGTi3c w65 spilled on protec- 
tive clothing. Immediate and cannen&&lc actLon, by RhD CMP personnel 
kept this contamination to a minimrrm. 
hood are now back to normel with the avedght sampieE below mask 
level. 

The leak was brought to light CULI'~ 6 rmtine shoe check 
Plztcsiu~ nitrate solid- 

ImE=iats actio& w68 taken to uecon- 
becme comemi- 

Air contarnination was kept beiw fresh eir levei~ the 2econtami- 

Air samples is thr critical assembly 

Data Correlation - Development of mclear Zodee for Criticcity Calc\ilatians 

1. Criticality of Plutonium Nitmte S~:l~ticm 

While nuclear safety calczrlaticm are ~orm6Ly baed   pa iizealized, 
solutions of plutonium and water: it is redxtlc csad of considerable 
interest to campute the critical parameters for astu plutcniun nitrate 
solutions. 
has made possible the calculation of the critical parameters cf such 
systems, extending well into the range sf the preserrt experimente being 
carried aut by the Critical Mass Physics GrGQ. 

The 8vaFlability of sane accrirate CiZmnLsal analytical results 

The method of cmqutlng the ccrnpcsiticsrsr of zhe pl~tdm oitrate sy5tems 
depends upon caubining 89 acid-water mlxkure cf a gi-ren molarity with 
an appropriate amount of the crystal, Pu(Wq)~.$o. TPJ fona the solu- 
tion (and compute its ccmpositim gccurare), a ~LLY~~LLID cmcentra- 
tian Snd acid molarity are asd. 
and the acid solution are add& volurwtrical;y. A ccrreztlan tc the 
amount of acid solution added is the= made t3 accccx for the fact that 
the volumes of the crystal and the soli;tion, when iSssclve$ hre not 
strictly additive. 
measurements of the concentration of PcJ(H~>~ I??? +02 ami the specific 
gravtty of sane trial solutions. 

Tne amrqxu;e of the crystal 

The correction is base& qan a series cf ac-ate 

The calculation of the critical properties of the assumed scluticn are 
therefore the most realistic and prcbably the most accurate af such cal- 
culation extant. 
which.can be directly cqared, has been go&. 
is in progress. 

The calculated critical masses, volumes, and radii far bcth bare and re- 
flected spheres, at various acid concentraticns and Pu-2LO content., are 
sumaarized in Tables I through IV. The salrdations will be extend+ in 

Agreement with the crizieal maEseE ,FC far mt~asue5~ &nd 
A mze detaiLe8 ccmpsrison 



836 30 
499 50 
354 70 
274 90 
161 150 

92.6 250 
53.7 400 
31.5 600 
25.1 700 
792 30 

473 50 
335 70 
259 90 
152 150 
87.2 250 

50.2 400 
29.2 600 
23.2 700 
752 30 
448 50 

315 70 
244 90 
143 150 
8107 250 
46.8 400 

27.0 600 
21.3 700 

2 000 
2.00 
2 .oo 
2.00 
2 000 

2 boo 
2 -00 
2.00 
2 .oo 
4 .OO 

4 .OO 
4 .OO 
4.00 
4 000 
4 -00 

4 .OO 
4 .OO 
4 .OO 
6 .oo 
6 .oo 

6 .oo 
6 .oo 
6 .oo 
6 -00 
6 .oo 

6 .oo 
6 .oo 

1 .u2 
1.146 
1.182 
1296 
1.316 

1.477 
1 .m 
2 .oog 
2 -160 
1.167 

1.203 

1.235 
1.268 
1.367 
1.90 

1 743 
2 -028 
2 0172 
1.227 
1.250 

1.283 
1.317 
1.410 
1 559 
1 .772 

2 -044 
2.182 

926. $ 
921.4 

911.4 
916 -7 

8g1.8 

855 07 
794 07 
698.8 
650 093 
859 04 

856 5 

844.1 
827.2 

850.1 

789 -0 

727 02 
635 -7 
589 01 
796.6 
785 e4 

780 0 5 
7% 03 
757.5 
722.4 
662 5 

575 0 5 
531.1 

153 -0 
173 .o 
193 bo 
212.8 
211 09 

369 09 
516.1 
708.8 
807.8 
273.2 

292.8 
311.4 
330.0 
386.2 
47 .O 

612.1 
789 03 
880.4 
39L .3 
409 03 

445.4 
496 09 
581.2 

427 -2 

704.4 

865.0 
9~7.6 

21.10 39.35 
18.87 28.14 
17.94 24.19 
17.52 22.53 
16.92 20.29 

16.53 18.92 
16.28 18.01 
16.35 18.31 

21.86 43.76 
16.40 18.48 

19.51 31.11 
18.64 27.13 
18.14 25.00 
17.45 22.26 
17,07 20.83 

16.87 20.11 
16.93 20.33 
17-04 20.72 
22.54 41097 
20.50 35.04 

19-35 30.35 
18.80 27.83 
18.09 24.80 

17.48 22.37 
17.67 23.11 

i7.58 22.76 
17.75 23.42 

1.18 

1.69 
2.03 
3.04 

4.73 
7-23 
10.98 
l.2 093 
1.31 

1.41 

1.55 

2.25 

3.34 
5.21 

8.04 
12.20 
14 $1 
1.44 

1.90 

1.75 

2 .12 
2.50 

3 072 
5.78 
8.95 

13 065 
16.40 

12505 I I 
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TABLE I1 

836 
499. 
354 
274 
161 

92.6 
53 .7 
31.5 
25.1 

192 

473 
33 5 
259 
152 
87.2 

50.2 
29 -2 
23.2 

' 752 
448 

315 
244 
143 
81.7 
46.8 

27.0 
a-3 

2.00 
2 000 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
4.00 

4.00 
4.00 
4.00 
4 .OO 
4.00 

4 .oo 
4 .OO 
4.00 
6.00 
6 .oo 

6 -00 
6 -00 
6 .oo 
6 -00 
6 -00 

6 .oo 
6 .oo 

1.112 
1.146 
1.182 
1.216 
1.316 

1.477 
1.512 
2.009 
2.160 
1.167 

1.203 
1.235' 

1.367 

1.743 
2.028 
2 -172 
1.227 

1.268 

1.520 

1.250 

1.283 
1.317 
1.410 
1 559 
1.772 

2.044 
2.182 

926 5 
92l.4 
916 -7 
911.4 
891.8 

855.1 
c194.7 
698.8 
650 993 
859.4 

856.5 
850 .1 
844 01 
827.2 
789 .O 

727 02 
635.7 
589 -1 
796 .6 
785.4 

780 5 
776.3 
757.5 
m.4 
662.5 

575 5 
531.1 

153.0 
1'13.0 

193 00 
212.8 
271 -9 

369 *9 
516 .i 
708.8 
807.8 
273 -2 

292.8 
311.4 
330.0 
386.2 
47.0 

612.1 
789.3 
880.4 
394 *3 
409 -3 

427.2 
L45.4 
496 .g 
581.2 
7oL .& 

865 .@ 
947.6 

17.06 20.76 
14.80 13.58 
13.88 u.20 
13.44 10.17 
12.80 8.78 

12.L2 8.02 

2.27 7.74 
12.34 7.87 
17.68 23.15 

12.25 7.69 

15.35 15-15 

13.93 11.32 
14.42 12.56 

13.21 9.66 
12.85 8.89 

12.67 8.52 
12.70 8.58 
12.79 8.76 
18.25 25.46 
15.97 11.06 

14.98 14.08 
14.45 z.6k 
13.13 ion 
13-29 9-83 
15.10 g.kg 

13.2.5 9.52 
13.25 9.7b 

o .623 
0.679 
0.784 
0.915 
1.32 

2.01 
3.08 
4.64 
5.51 
0.694 

0 e757 
0.879 
1.02 
1.45 
2.22 

3.41 
5 015 
6.13 
0 364 
0.853 

0.986 
1 .lL 
1.62. 
2.16 
3,77 . 

5.71 
6.82 
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Speclf IC 

H/pU Pu(G/J) H+(Molarity) Gravity H#)(g./&) N@(g/B) Rc(cm) Vc(B) Mc(Kg RQB) 

2.00 1 .ll2 926.5 i53.c 22.17 45.62i 1.31 
921.4 173.0 19.64 31.7'3 1.51 

30 
1.146 

876 
2 .oo 

916.': 193.0 18.96 28.55 1.91 
523 50 

70 2 .oo 1 .le6 
287 90 1 .a6 911.4 212.8 18.56 26.78 2,30 
373. 

2.00 
891.8 2n.g ~8.12 24.92 3*57 169 150 2.00 1 316 

101 250 2.00 1.4V 855.7 369.9 17.98 24.35 5.81 
56.3 400 2 .oo 1.7l.2 '794 07 516.1 17.81 23.66 9.03 

26.3 700 2 eo0 2.160 650.9 807.8 17.93 24-31 16.23 

496 50 4.00 1.203 856.5 292.8 20.50 36.09 ~72 
352 70 4 -00 1.235 850~ 311.4 19.65 31Z8 222 

271 90 4 .OO 1.268 W.l 330.0 19,26 29.93 2.51 
160 150 4 .OO 1.367 82'7.2 386.2 18.74 2T0V 3e94 
95.5 250 4 .OO 1.520 789.0 4coo ~8.61 27.00 6,44 

33.0 600 2 .oo 2 .oog 698.8 708.8 17-95 24.23 13.87 

830 30 4 .OO 1.167 859.4 273.2 22.95 50.63 1.45 

52.6 400 4 .oo 1.743 727.2 612.1 18.50 26,52 10.12 

24.3 700 4.00 2.172 589.1 880.4 18.69 2'7.35 18.26 

466 50 6 -00 1.250 785.4 409.5 21.36 40.82 1.95 

30.6 600 4 -00 2 e 028 635.7 ~89~3 18.52 2T0C4 15.48 

788 30 6 .oo 1.227 796.6 394.3 23-70 55.76 1.60 

6 .oo 1.283 780.5 427.2 SOA8 35.98 2,4O 
nGo? k45.4 20.0 33.51 2,88 
757.5 L96.9 19045 30.82 ~41 

89.5 250 6 .oo 1.559 722.4 58i02 i9.26 29093 7.14 
49.0 400 6 .oo 1.772 662-5 704.4 19.18 29.55 2.28 

70 331 
256 90 6 .oo 1.317 
150 150 6 .oo 1.410 

I2555 i 3 

:. , . 
.. .. 



B-l2 

2 .oo 1 .u 926.5 153.0 18.05 24.63 0.705 

2.00 1 e186 916.7 193.0 14.3 i.3.33 0.890 

2.00 1.216 911.4 212.8 x.30 12.25 

1.146 ,921.L 13.0 15.a i6.02 0.764 

1.051 

30 

70 371 
287 90 
169 150 2.00 

101 250 2 000 1.4n 855.7 369.9 13.65 io.& 2.639 

2 000 876 523 50 

1.316 891.8 27L.9 13.72 lG.82 1.548 

33.0 600 2.00 2.009 698.0 100.8 13.66 30.68 6 -113 

4 000 1.203 856.5 292.8 16.25 17.97 0.857 
850.1 311.4 15.35 L5.15 1 .ox” 4 .OO 1-235 

L elgo 1.268 844.1 330.0 14.90 13.86 4 000 
821.2 3s.2 U.S? 12.17’ 1 .?U 

2.8W 95.5 250 4 .oo 1.520 789.0 4T.O 14.10 11.74 

52.6 400 4 .OO 1.743 27.2 612.1 u.00 11.49 4 384 
6.720 

24.3 700 4 .oo 2 0172 589.1 880.4 lL.21 Z.c2 8.02’7 
6 .oo 1.227 36.6 39.3 19.35 30.25 0 265 

16.82 19.93 0.950 

56.3 400 2 .oo 1.m 794.7 516.1 13.55 i0.42 3.9?6 

26.3 700 2 -00 2 -160 650.9 807.8 13.72 10.82 ? 0225 
830 30 4 .OO 1.167 899.4 273.2 18.60 26.95 0.m 

496 50 
70 3% 

271 90 
160 150 4 .oo 1.361 

30.6 600 4.00 2.028 535-7 789.3 3.10 11.74 

788 30 
466 50 6 .oo 1.250 785.L kW.3 

70 331 
90 6.00 1.317 256 

150 150 6.00 

6 -00 1.283 780.5 L21.2 15.95 l?.OO 1.135 
10% 73.3 LLj.4 15.h? 15.5;? 

17 P.90 13.85 1.983 1.410 ,5..5 L96.9 
89.5 250 6.00 1.559 722.k 581.2 14.65 3-37 3 A0 
49.0 400 6.00 1.n2 662.5 7a.a U.55 2.2.90 0923 

28.3 600 6.00 2.04 575.5 s5.s 1~62 13.09 ? 0~93 
22.4 700 6 .oo 2.182 531.1 9k7.6 lko?O 13.30 8.882 

D ECMSSl A ED ’ 



the near future to two more R-240 concentraticns snd to higher R-concen- 
trations as more chemical data become available. 

Quantity of Boron Needed to "Safe" Pltltonim Sclutions - Reduce kop 
of Solution to Units 

2. 

3. 

!RE amount of Boron-10 needed to reduce kop to unity was recomputed using 
new Boron-10 cross sections for the epithermal groups.* The correction 
of sane previously undetected errors made +,he recalculation necessery. 
The results are sunrmarized in the following table. 

12 5.a (-3)* 
25 2.52 (-3) 
32 2.016 (-3) 

65 1.008 (-3) 
131 5.04 (-4) 
264 2.52 (-4) 
529 1.26 (-4) 
872 7.562 (-5) 

1270 5.04 (-5) 
2652 2.52 (-5) 
3* 1-89 (-5) 

43 1.512 (-3) 

2.0 
1.0 
O .8 
0,6 
0.4 
0 -2 
0.1 
0.05 

0.02 
0.01 

0 0 0075 

0.03 

2 0 a49 
.,66? 
9453 

.2038 
0 1019 
.05205 
02507 
01283 

000733 
00167 

0 3174 

000281 

0 744 
-3611 
03085 
2%4 

2758 
02758 
.2818 
.2?1& 
.2314 
1984 
0984 
02026 

1255 
1409 
1500 
1620 

1275 
215c 
2 500 
2800 
2960 
3200 

3% 5 
3383 

311.6 835.6 
540 8ag 
565 902 
591 946 
533 1010 
684 1080 
708 1083 
709 1061 
"00 la2 
695 io04 
685 965 
684 961 

11.9 

14.5 
13.5 

15.4 
16 h 
20.4 
24.6 

27.5 
29.5 

33 02 
33 04 

31 o? 

* The results of earlier calculations were first reported ir, September of this 
year . 
Quantity in bracket denotes parer of ten to which the ccrresponding number 
is Multiplied. 

The data presented in the precediag table axe of interest in comeckicn wikh 
plans for more extensive use of neutron absorbers (boron impregnated raschig 
rings) in criticdity control at HW~OI~. 

Revisions to Reactor Physics Lattice Parameter Code 

Two revisions have been made to the reactor physics lattice parameter code - 
IDIOT. The first revision reduces the amsmt of data preparatioll necessary 
to generate a series of calculatlcns. 
the value of any input parameter in a preceding case by the simple addition 
of change cards. 

TBSs zevisica pemits oze to change 

The second revision fixes an =upper limit on t15e ileviaticr, cf the ewilibrim 
neutron flux from a Maxwellian distribtiticn, 
in which the moderator-to-fuel ratios are smU0 t5e qA:Zrim netron 
spectrum can no longer be considered thermal, i.e,. the fox factor fomda 
for the infinite multiplication factor wiil not- 5e valid fcr tkese epi- 
thermal systems. Any epithermal ra+,ic, which is a measire 3f the mtignitade 
of the 1/E epitheraal flux to the thermal MaxdeLUn Ilw, that 1.5 gre&ter 

Fcr tightly Tacked lattices, 



than unity, will naw be set t3 a V~GE cf c&eP an3 the caie wiil proceed 
with the calculations; however, 6. 1c.@se6g€ will be wrlttes Udic&ting that 
certain epithermal ratios have a.ceeae6 ~mfy sn5 tatre be= assigned a 
value of unity. 

Both revisions have been checked xt. and YU 5e iLclGe6 ia the IDIW 
code that is presently on file in the Special Proceticres Library. 

Izlteractioa of Sub-Criticsl Systems 

Interection in terms of lesksge, albedo, szld seccndszry abscrptFcn was extenb 
ea to a two-graup model for single A;lly resected slabs. 
agree fairly well with a two-groug difAtsfo~l c&lcuiatiaL, 

Criticality factors 

An iterative method bas been formuldxd tG >react the effect of' 'GWG inter- 
acting systems on bff. An apprazimate t&al soli& 
was found. mimental data is being Gsed &s 6, bssfE of evalvLation of the 
model . 

functisn for slabs 

In-Plant Neutron Wtiplication Mememezts With Pktoniun Met& 

On November ll and 12, a series of aeL-tron mitiglfcation measuements were 
made with plutonium metal in Hood HC-2lC cf the 2p-5 mdiag.(l) 

Seven multiplication experiments were ccutgletej. &zing the 5wo evs of these 
tests. 
urements with instrunentation bcrrowed from Criti.c& Mass Pbpics; E. D. 
Clayton served as technical director bring the conci~zt of the experiments. 
The objectives of the tests were primarily tc aeterdae ref7,ector efficiencies 
of various materials, as a function of thicknesses d spacings, so that data 
would be available for evaluation of fiture fr;r=race itsip. 

Personnel of 0 arranged for the eqerimects, ani perf'crmed the meas- 

Of those in-pld experiments ccmpleted to date, tk curreat resets are the 
most amenable to theoretical interpretation. 
was built up from plutonium metal disks: 3.5-inches in &meter. 
rlcsl array was reflected with lucite Gf folz~p mere&- tMsknesses =wing 
frcrm 3/16-inch to 25/32-inch. 
8.5 Icg Pu for the case of the 25/32-in& 1uci~e reflest.ar; the finai loding 
contained 84s of the estimated mass fcr critisdity. 

The data for the ncdnally reflected plzt.onium cylinders niay be wed to obtain 
an estimate for the unreflected critical nias~.; a& to s-alute the shape fac- 
tor for the bare plutonium cylinder. 
critical mass in cylindrical geanetry tc the value ix? sgherical geometry. 
The data indicate the critical mas8 for the ureflectec Wt to be 211.5 
rCg Pu. The shape factor for the hei&t-t@-&iamter r~tic of 1.07 is then 
c 1.11. 
is given for U-235 metal cylinders with this d1) ratio. 

A cyluviric6.l array of plEtoniIzL 
The cylird- 

The smihst crizical mass measxe& was 

The s3ape fac-cor is the ratio cf the 

This is in excellent agreement with the shape factor of 1.12 which 

(1) IS~~CSOP, R. E. and R. L. Stevensono Addentisun tc In-Plant Utiplication 
Test No. 2, RU-nflg. 



Unfortunately, an insufficient quantity of plutonium.was available to obtain 
a good critical mass estimate for the cases of the 3/16-inch reflected unit 
and the bare unit. Otherwise, an excellent shape factor determination could 
have been accamplished. 

In one of the experiments, the plutanirpm cylinder was reflected oil the sides 
only, with a 19/32-inch lqer of lucite. 

During subsequent measurements, it was shown that a 1/8-inch thick copper 
cylinder of diameter 73 inches and height six inches, had a negligible effect 
on the neutron multiplication of the plutonium cylindrical array when centered 
within the copper cylinder. 

In enother multiplication meseurement involving plukonim. metal shells, it wax 
ehm that an infinite column of Model 1251 hemi-shells nested together would 
be subcritical. 

Mass Spectrametry 

The heavy element m~8s spectraneter for this program prcviaed isotopic analyses 
on three uranium samples for nels Preparatioc Department and on ten plutonim 
samples for Chemical Processing Depari;ment. 

Some operating difficulties are still being enmatered with %his mass spec- 
trometer. 
indicate systematic biases as large as three perceat which are n& constant 
from sample to sample. 
beam intensities of the proper shape for extended perio8.s of time. 
problem is under continuing st&y, 

Criticality Hazards Specifications 

Waluation for Nuclear Materials Operatlcn 

Nuclear ssfety approval was given far the shipment of 1300 lb, of 0,95$ U-235 
enriched anium in the form of tubdar fuel elaezte tc Arnerixn Machine Snii. 
Foundry.(u Under the conditions of the shipment, +,he -txm-iun represented 
considerably less than 20$ of a critical mass. 

Measurements of the isotopic ratics of st&txd uranium samples 

In addition, it has Eot beer pcssible tG maintain ion 
The latter 

Instrumentation and Svstems studies 

study of the CPD tracer lathe problem. contixei wit5 an effsrt tc e7rdmte +,he 
constants of a three-mode model for anslog empter st-L&ies. Systems Research 
Memorandum 61-42 was issced describing the statcs and resdts of the study. 
One result was an indication that a proposed dysmic -ribration absorber does 
some good in hprwing the control characferfatics. 
would be to design an absorber that can k tued to twc differec freweneies. 
A way of do- this has been suggested am the apprqrlate equtlons are FJeinq 
developed e 

One lasirable feature 

(1) Letter from P. F. Gast to F. J. ~e~ey, ~cclear S&ety Approvsl for 0.95% 
U-235 Fuel E3ement Shipment9 Mmember 7. 1961. 
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The most important instrument Frcblea 6;t t% Crl:icsJ Ws Iat ir~lves false 
trips on the channel five period monitzr. 
lrrrge, fast transients on the inee pwer l~ce. 
has shown a periodic "spike" on zhe line ccs?rrri;s etrerj ter, Iriinutes. 
transients, evidenced by dhmirg llghta. -haye pme5 t.hansel-res tc be preseat 
but too fast for the line voltage recorder. A liaf. voltage transient measur- 
ing device developed by CPD will be kstsI.ie5 in the near A~'=LR. 

T~E trT'kie seems tc te cued by 

Other 
A L~E rr,ltwe recomer 

Other instrument problems at the Critical WE Lab i.ncluiie the fcaaring: 

1. Two transistorized preamplifiers, fm uae vith semicor5xict:x neLtron 
detectors, have been studied. 
at Brookhaven seems to work qyite weU. 
with independence of input capasi3y. 
will successfully drive a lsng cable. 
to 20 millivolts when 1500 picafarads are n,smstei. LZrcsE the inpt. 

A mafissticn of at. emplifier Beveloped 
It is the charge-seuitive type 

Witk an emitter fcllmer c-;t@.- it 
Tbe mqut si& dr~ps fraai LO 

2. A neutron scintillation touter eu&lC;ving 6. 6823-A FhctotLbe is being 
installed. 
and neutron pulser for reactor neutron tzrrst tests. 

It will be usea 1p cocj-axtior vith s n~Ltichanne1 andyzer 

3. A neutron scintillation detector  ha^ been fabricsteC for GSC with a new 
type log n-period meter. 

Work is progressing on the febricatia of the =e- cxtrcl ro& drive 4. 
assembly. 

5. Work on a digital criticality pr&c';bg Wtrcment has beer aeferred 
because of lack of interest on the part of the crperstbg perscmel and 
the excessive cost. 

6. The audio monitor now prodcces an aurlic tf>iplf at the ireqgenzy sf te.tesc:eC 
events. Additional resoluticlz of radiaticE le?rrl rate cf izlcrease is 
desired. 
have been started. 

Brief investigations of sqlc mea of sclmag this problem 

An attempt is under way to develq a sat2sfaztcry nathenatizal mdel of a 
pulse column used in chemical separations. 
of varying cmplexity have bee= Cerive6 a tie amlog canpter wlil be us& 
to determine the chemical constrnts necessary t*e give tb ?EST fit cf each 
of the models to given experimental data. The results cf the analog work will 
be used to determine which, if aqy) of ;he xmiels VU most newly iiescribe 
the operation of a pulse column. &e cf the ~GD models v+s smated ad the 
constants determined for the best fit to experbuatal rssdts -shed by the 
customer. 
was qaite satisfactory to.the customer. This'wcrk will cmitinw during Decem- 
ber. 

possible mthawticsl mdels 

The "fit" obt- was within f lo& of the as%& rasdts. This 

NEUTRON CROSS SETION PROGBAM 

Slm Neutron Cross Sections 

The lO5-RR neutron crystal spectrmeter was re-aligned &id re-csLi3rated tkr- 

ing the month. nuether measuremeats of spect-rcmeter operaTim and order 



contanination of germanium monochromating crystal reflections are in progress. 

Inelastic Neutron Scatterinn from Water 

The series of inelastic scattering meriments for room temperature water 
at 0.3 ev initial neutron energy, part of which had to be repeated because of 
beam monitor instability in the original runs3 has beer: completed. . 

A series of rom temperature water runs at 0.4 w inftial energy has been 
started. 
angular distributions have been made for Oa153 0.175, and 0,2 ev final energy. 

mergy analyses have beenmade for 8 and 40 degree scattering angles; 

The construction of a sample holder for water which has thick, rigid walls 
has been cunpleted. 
the water sample thickness is accurately determined in order to determine the 
absolute value of the differential scattering cross section scale, 

This sample holder is to be wed in measurements in which 

A f'urther water sample holder is being designed to be -;sed ia the measure- 
ment of the differential inelastic scattering of monoelzergetie neutrons from 
water at elevated temperatures. 
commodate the pressure due to water at temperatures t~p to 15CcC. 

The sample holder is being designed to ac- 

Fast Neutron Cross Sections 

Two successful liqyid scintillation cells for ue as fast neutrm detectors 
were tested during the month. 
mE-213 contained in a two-inch diameter, two-inch thick stainless steel-walled- 
cell mounted on a 56~~ photcamiltiplier. 
was used to provide efficient light collection. 
a pulsed-beam source of neutrons from the Be9(d,n) reaction ZG adgust the 
time resolution of the detector system. 
0.9 ns for gama rays were observed for pulse-height biases corresponding 
to the rejection of proton-induced pulses beluw 3 Mev and 0.8 MeV, respectively. 
This resolution is about as good as can be expected, fran %he photomulziplier 
and is about twice as good as the best previouslv obtaiaed even with a very 
smaU detector. 
urements on differential scattering cross sections, 

One detector consisted of liqiiiu scintillator 

An alw foil inside the cell 
Measurements were made with 

Time resolutions of oe6 ns and 

This detector provides an excellent 8stectcr for future meas- 

The second detector tested was essentially of the same 1:onssnction 96: the 
first but provided a liwd scintillator volume !3f 5-inch diameter, two inches 
thick coupled to a 58AVp photonrmltiplier. 
bench testing for optimum operatixg characteristics, The best tFme resolLtion 
obtained was 1.5 ns, relatively independent of piilse-height Sias level, 

This detector was tested wizhout 

The experimental arrangement for fast-neutrm total cross section measure- 
ments by the pulsed polyergic beam time-of-fli@t was set ~p ard tested at 
the Van de Graaff building. 
detector was mounted in the heavily shielded ram proviled in 371r5-B building, 
with a water shielding wall providing shielding f9r the 3corway and a mmt 
for the neutron bean collimators. The Be(d,n> ad Li(a,-a,) reactims were both 
studied for resolution and backgrou& effects, 
intensities, spectral shape, and sources and levels of backqcads were in- 
vestigated. Measurements of total cross section from 3 tc 15 MeV with at 

The 5-inch cliamefer liq-cid scintilktor neutron 

Measuremen5.s of gei-tron Seam 
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leest two percent precision 
to be possible for one sample per shift operation. 

a time rersz,lrtion of 0.4 ns/m were indicated 

Work is in progress to fabricate a sample of elemental sodim for total cross 
sec.bicm measurements . 

Lattice Parameters for Lou mosure Pu-AI. -1s 

The ratios of effective cross sections for copper absorption an6 m239 fissioL 
have been determined in the fuel clusters for each of the three lattices which 
hwe been studied in this program. The wtity R., defined in the next equa- 
tion, is presented as a function of position in the cluster and as a f-action 
of lattice spacing in Table I. 

(5) Thermal 

VALUES OF R 

Lattice Center Rod 1st Ring O&er Ring Weighted Average 

10-1/2" 1 0870 1.0873 1 .l243 1 .llO? 
8-3/011 1 a54 1.JJ-95 1.1781 1 a563 
6-1/21' 1 .un 1.1424 1.2258 1.1943 

These results indicate that there is a significant increase in the self- 
shielding of the plutonium in the fuel cluster as the neutroc spectm is 
hardened. 

Lattice Parameters for High mosure Ar-U mels 

The experiments planned for the 20$ PL~~~~ material are similar in nature 
L 

r-4 
CT! 

0 conium. 

and scope to those experiments already performed using low expome plutonium 
f'uel. 
ment Operation into 1/2-in~h diameter rods of 2.2 w/o 

The plutonium is presently being frrbricated by PlLtonium nels Develop- 
clad in zir- 

c1 
rn 
0 

L 



Plutonium' Fuel Temperature Ccefficient 

Experiments designed to measure the fuel temperature cmfficient of Pu-U f'uel 
have been in progress for the past several weeks in the PCTR. 
1.8 w/o Pu-A1 in a 19 rod cluster of 1/2" diameter rods, 
arranged in a sQuBTe, 6-1/2-inch graphite lattice anti the lattice array has 
been poisoned to unit multiplication. 
reactivity have been made as the fuel in the central test 2ell was heated frm 
roan temperature tod4500~. 
Table I. 

The *el is 
!Che clusters we 

Measurements of the change of PCTR 

The appraximate results so far are indicated in 

m* Reactivity Change (f/'C 

AI. dumy fuel, unpoisoned Pd + 0.002 

Al dummy fuel, poisoned + 0.002 

1.8 w/o IX Pu-u, unpoisoned N 0.000 

Measurements using fuel rods containing 16% Pu240 in 2.1 w/o %-A1 will be 
made in a few days, ccaapleting the series of ersperiments. 

Calculation of Lattice Ptrrameters for pu-u mils 

In conjunction with the weriments cn Pu-U lattices a series of cell calclrla- 
tions axe being made for comparison with the measurements. The goals are 1) to 
supplement experimental data with calculated results, 2) to point. out ways in 
which the experiments can be improved, and 3) to make some improvements in cal- 
culational techniques in order to more accurately predict the characteristics 
of thermal systems fueled with plutozzium. With respect ta the last item, caJ.- 
culations of effective values of '1 and c~f the resmance escaFe probability 
for Pu-240 represent problem areas e 

The first system which is being studied is the Foisoned esse for the lg-rcd 
cluster of 1.8 w/o U Pu-U in a 10-1/2" lattice. 
model of the unit cell has been obtained. me cll;st,er has been transformed 
into a rod, tube and tube, in which the inner and .xter circumferences of 
the tubes correspond to circles inscribed and cirmmxribec abmt the rods in 
the first and second ring of tubes in the cluster, 
axe adjusted such thst the total nmbers of Fu axid Al atoms we conserved be- = 
tween corresponding rings and tubes. c7 

Q 
tr: A preliminary calculation of the thermal flux 3istribution within the cylindri- 
. h' cal model has been made with the TWO ccie  IDIOT(^). A atigroul; calcaa- - tion using B. H. mess SN being planzed, 

An eqdvalent cylindrical 

T-e densities of the tubes 
z 

(1) Richey, C. R. IDIOT - A Lattice Parametsr Cde for the IBM 709> HW-63411. 
January 7> 1960. 

(2) Duane, Bo He Neutron and Photca Transport Plane-Cylinder Sphere @E-ANPD 
earn S Variationsl Optimum Formulacion; .XDC 59-9-118. January g9 1959 
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PuO;r-UO;, Lattice Studies 

Work on specifications for 
lattice experiments is now 

the Are1 elements Bllj on pel- plans for the 
essentially ccPnpiete . The detailed FhyslzsJ spesi- - 

ficatians have been finished, and a design ?sawing IS hem prepS;re&. 

The study to determine both the mount of PG errinant aacl the most desirable 
lattice spacing for the initial experiment has been cmpleted. !!!he enrichment 
selected for the Are1 element specifications is 0.85 v/c Pc@ iL 6epleted 
(0.22 w/o U-235) U$. 
equally satisfactory for the initial qeriment with 19-rod clusters. 
ments could be done for lattices with der spachgs, In2 Q snCier zrjmber of 
rods per cluster would be used in these experherss. Tne Froduct of' the resansnce 
escape probabilities for U-238 and Ai-240 become,. sm&l [ 
cluster of these rods in a 6-1/2ii lattice. 

Squsre lattice spacings cf 8--3/8" cr 1C-1/2" wu'ljld be 

-i- 

0.55) for a 19-rod 

The Critical Facility ofthe PRP 

Rough drafts of experiments to celibrate the cmml anti 6aSety rot% of the 
PRP-CF have been written. fn addition, secont5 Me cf some of the other 
experiments to be done at the startup of the facility hve been prepared. 
of the drafts have been circulated to memberg of the PRP-CF plamhg group. 
A procedure for normal startups has been reviewed. 

All 

The PRP-CF program includes experiments which rewe h reflector and also 
experiments which require Bharply defined bouderies for the-rml nectrons, i.e., 
boundaries of boral or cadmium. 
could be added as the experiments required them. 
recently been made by Technical Planning Operation remil% in a vdue cf 475 mk 
for an infinite light water reflector. 
cell which contains the facility were flooded. 
be removed either by wrapping a poison as& the tank or by furnishing the 
reactor with a reflector. 

OriginaUy, it was thou@$ that these items 
Calculations which have 

Ekch a reflector would result if the 
This hazardous situation could 

Therefore, the PRP-CF program has been reviewed with the thcrllght in miad of 
dete- which could be better used initiuy? a cadmium sheet around the 
reactor or a reflector. It was decided to wrag the resctcr tazk with 0.020" 
csdmium sheets which are held to the tank by b&. Trus ezrangement Uows 

the cadmium to be remuved and a reflector fasten& to the tank when the experi- 
ments require a reflector. 

An -704 code for reactivity step calculatians hss been mafie3 for use on 
the ID-7090. The original. program was written by C. E. C=bB an5 B. J. Toppel 
and is described in -6134. The modifications inch% 83i jllcrease in the 
maximum tlumber of delayed neutron groups which can be consuere5 frm 30 to 50 
snd remme the requirement that all of the input be repeated when mcre than 
one case is m. 

The progran calculates the behavior of the flu iz a reactor following a step 
we in reactivity by solving the one-therms3-grmpl space-Mependent, zero- 
puwer kinetic equations. 
before the step is made, either at critical or scbcritical conditions, with an 
external source. 

The reactor is assumed to be Llianiag at constant level 
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The code 
the time 

(RE-126) assumes all deleyed-neutron precursors in equilibrium at 
of the step. It will be used to determine the photoneutron effects 

on reactivity measurements in the PRP-Critical Facility. 
utilizing a positive and. a negative reactivity step change, have been success- 
fully processed to date. In addition, most of the input parameters corres- 
ponding to a Critical Facility fuel loading of 25 Uo;1 and 30 Pu-AI. elements 
have been assembled for use in the machine calculations for this loading. 

Two test cases, 

Fuel Irradiation Experiments 

Three of the six low exposure Pu-A1 fie1 elements which have been modified by 
attaching 1/2 wt percent CO-AI. wire flux monitors are ready for cbging at 
the next shutdown of the PRTR (first week in December) The remaining three 
will be charged at the subsequent shutdown. These elements are scheduled for 
removal at appraximately one month intervals, assuming 70 MU power level and 
60 percent operation leading to 50 percent burnup in the last element. 

The measurements planned for these elements for the purpose of relating fuel 
burnup and fission product buildup to exposure are, in chronological order: 

a. 

b. 

C. 

d. 

Gamma scanning the outermost rods of the cluster in a gamma 
scanning facility to be installed in the me1 Bmmination 
Facility. 

Reactivity messurement in the PRP Critical Facility. 

~emms scanning &/or counting of CO-AI. monitor wires and 
pins, as well as Zircaloy wrapping wire. 

Mass spectrographic determination of plutonium isotopic content 
from samples at various longitudinal positions in a central, 
intermediate, and outer rods. 

The PRP-CF schedule precludes measuring reactivity of these elements before 
exposure and will necessitate holding the irradiated elements in the basin 
until the facility is available. 
be used. as a standard. 

The reactivity of a PRP-CF element will 

Although preliminary planning has been ccanpleted for the gama scanning facility, 
it is doubtful that it will be available when the first element is removed in 
January, 1962. 
fission rate distribution existing over a short interval prior to end of exposure 
would require gamma scanning within a few hours after exposure. 
of total-expswe the longer after exposure the scan is made the be+,ter. 

A scan of short-lived activity which would characterize the 

For a measure 

In prepmation for the irradiations and subsequent measurements, the purity 
and uniformity of the monitoring wire is being investigated by irradiating 
samples of the Co-A1 wire in F Reactor and counting the resultant activity 
with the 256 chamel malyzer. It has been concluded from the preliminary 
results that waiting periods of at least 3 weeks should be allowed for impuri- 

ties to decay before the wire is counted. 
to within f O.5$ and therefore specific activities can be determined from the 
weights of pieces of the alloy. 

Also, the wire can be assumed uniform 

U 1256523 .- 
.. 



Qaarples of u-235 and Pu-Al. hwe been irr-atej. Fr szr si- ~lle and colinted 
with the 256 channel analyzer to determbe the fessibilzry cf isclcting specific 
short-lived and specific long-lived f issxosl-prodIxt astintles by comting 
g- rays, 
definite conclusions 

These measuremelrts hvc not Frcgressej far eao@ to reach 

Neutron Rethedization in GrEphite and Water 

VaLues of the relaxation lengths for neutron rethsrm6Lizai;ion in graphite 
have been inferred (m-683€?9) fram analyses of acperimente uiry the Salenqut 
&tithe& group model. 
mately, with the theoretical results obt-ed by Kothari and S-i (JNE 5) 
342, 1957) and Xothsri and IoIxTb- (NSE 7, 240j 1960) in their et-es of 
elastic and one inelastic scattering cross eections cf graphite for 
neutrons near thermal energies. 
are in fair agreement with the measured valtes. 

These relaxatioI! lengths can be calalated, apprcoci- 

The caldsteC values cf the relaxation lengths 
A comparison is given in Table I. 

(%> ( sec-1) c.m> 

260 3.4 x Id .82 

350 6.6 x 103 .?95 

500 8.8 x ld .??5 

1200 8.8 x ld e175 

1500 8.8 x 103 *7?5 

2000 8.8 x 103 .??5 

305 4.8 x 103 .81 

400 7.7 x 103 e ?8 

600 8.8 x 103 *??5 

TO = 300% 

* Estimated from meriments 

cw 
285 -3 

301.8 

318 .k 

336 .8 

3?3 -6 
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631.1 

741.5 
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The calculated values were obtain& in an 
using a procedure which closely resembles 

(d., 
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L2 04 

31 09 

28.1 

26.4 

28.3 

3? 06 

41.5 

4? .2 

lk4, 523, @O, 820%. 
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L .8 

k.5 
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dysis of the KCtharis et all results 
&mi age theory. The &ge fcr re- 

the&iiation of neutrons, initially st & effective teersturc Ti., to & tem- 
perature Tr in graphite at temperatme To is defined as 



where k is the BOlt?nnann CorrstaSt, m is the neutron -8, D is the diffusion 
coefficient, and a and Tr are defined in an apprcrximation to Kothari's results 
given by 

2) Tr = Tl + (% - To) exP (-at,)* 

In eq. 2 Tr is the temperature reached in a relaxation time tr =: l/a. The 
Qusrrtity a is the approximate slope of Kathari's plot of 

a is a function of T. 

The solution of eq. 1 is 

.  he relaxation length, &, is defined as 

-tion 4 appears to be applicable for any value of 
values of 7 which as3mrptaticall.y approach the Fermi age of graphite. 
not, however 
crepsncy in the limit of large 'Q shauld not invalidate Eq. 4 for small T1 

and hence should yield 
It does 

Rarther study is being made to clarify this point. This dis- 

(5-4c) 

Neutron Spectrum Studies 

ties one must assume a form for the energy distribution of neutrons in the 
"JOkhg region" between the thermal and epithermal neutron groups. 
cation of the various spectra used is vague. 
trum to use may be obtained fram data taken in the rethermalization experi- 
ment s . 

the reduction of bare and cadmium covered activity data to them activi- 

Justifi- 
An estimate of the "best" spec- 

In a system with a uniform pbysical temperature and constant energy distribu- 
tion of thermal and epithermal neutrons one can expect that 

ah( r ) = cqh( r ) where x y are isotopes, hh( r ) 

are the spatial values of the thermal activities of a detector and C is a nom- 

i 2x525 - L 



alizing constant. 
and cadmium covered activities axxi a 9s the ratic of epithermal to epicadmiurn 
resonance integral. The quantity a is dependent upcn the energy distribution 
of epithermal neutrons and is defined as 

In general Ath = A - a AE where A3 end A= are the bare 

a= 

ec 

mr near l/v detectors a+ 2; for subcadmium resonance detectors it is larger 
(up to 19 for U-177); and for detectors with epicadmiurn resonances a approaches 
unity. 
variation of a with spectra is Smn'l'l (z 10% or so) while Pkifi may vary by 

9%. 
$ of AB) and one may write 

The first and last classes include CU. and Au, respect v ly. For Cu the 

It is possible therefore to fin6 A& accurately if is small (few 

Rewriting this as 

one may consider y as a dependent variable and xl and 9 as independent 
variables. 
yields a1 and 9 and hence &-In. 

A multiple-linear least squares analysis of the last equation 

This type of analysis of Cu and Lu-177 traverses in the rota temperature 
experiments on rethermalization in water yields an cl(Lulp) = 20, which is 
in very good agreement with the Eurwitz spectrum vdue of 19.5. 

Nondestructive Evaluation of PuO;, Hanogen&tyin pliO,-UO;, Rods 

A description of a differential reactivity method of non-destructively test- 
ing the homogeneiw of no;! in Pu~-U~ fuel rods was reported last month. 
A brief attempt was made this month to determFne the sensitivity of subcriti- 
cal methods of muation. 
(M z 50) the differential ion currents due to effective cues in TTR fuel 
content were found to be apprarcimately equal to the ion. current noise. 
problem can be partially avercane by increasing the TlTR source strength. 

With multiplication adequate for fast response 

This 

Pu-240 Effective Resonance Integral 

The detsiled operational procedures have been specified for the experiment 
to measure the effective resonance integral of Pu-240 relative to the dilcte 
resonance integral as a function of Ri-240 concentration. 

The fuel rods for the experiment have been completed by Plutonium IWels Dev- 
elwent Operation and will be delivered early in December. 



PU Vslues Fast SPectrum Reactors 

Sane test problems using HFN and the sixteen group fhst cross section set 
of Yif'tah, Okrent, and Moldauer have been successfully m., so tb!t one- 
dimensional, fast reactor diffusion calculations cm now be carried out. 

As a first application of this procedure, the PL value in a fast oxide breeder 
reactor is being examined. The model for this fast oxide breeder has the fol- 
lowing characteristics: 

Power Level: 1000 
Core Volume: 2300 

Core Canposition: 55 
15 
30 

The breeding blanket consists of sodium, ironp and 

A variety of fuels are postulated fn %'his reactox. 

MWT 
lit 
v/o Na 
Y/O Fe 
v/o me1 

A;1Ly depleted U% a 

Ia additioa t.0 U-235, a 
series of Pu canposites-are introduced. 
with compositions beta available from a "typical" therm& water-moderated 
reactor at various stages of burnup. 
critical 10-s and breeding ratios have been calcukted. 
indifference value is then computed for each case., 

These Pu :ompositions are identical 

For each fastreactor composition, 
The plutonim 

The results of the mlti-group CaLculationS are presently being anslyzed. 
liminary results indicate that in fast spectnvn reactors the platonim value 
(Pu-239, Pu-241) is cansiderably higher than the ~zzpanium. val~e., 

Pre- 

Non-War Aspects of Nuclear Analysis 

Physics development work directed, towazd evolving the optimal belance of analysis 
econoq, versatility, and reliability in hndlm the non-linear aspects of 
nuclear design work progressed througb fonmriation and machine programing of 
the innermost loop of an improved f'uel-eyzle analysis. This innermost loop 
constructs the caqlete set of real eiqemaiues and duaJ eigemectors both for 
the isotope production and decay matrix am3 for the neLtrct prcdrcction and 
thermalization matrix, to provide an crthogcml expansicn basis scitable for 
numerical evaluation of the effects of the non-Linear cccq$!l-iaq betveen isotope 
balance and neutron balance. 

The method used to construct the comFlete set cf eigew&ues and. 5ual eigen- 
vectors for a matrix of arbitrary symmetry is a variationally optimize6 gener 
ization of the qasi-singular resoname-separa-ion method originated by Harker 
at GE-APED and developed further by Wschsgress12) at GE-KAPL in fuel-cycle WGrk 

"ti 1 

(1) 

(2) Uachspress, E. Lo> "A Numerical Tecl-aique fsr Sclviaig Grmp Difftsion Esugr 
tions, " Nuclear Science and Engineering 8,2 (1960 \ 

Harker, W. H., "The CalculatioE of Intermetliete Eigenval.Jes and Efgen- 
mCtiOIISjff GE-APED Memo MR-11 (1958)o 
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on nsvd propulsion reactors, and by Mschert3) at GE-ANPC rn poiez-skap~ 
work on aircraft propulsion reactors. 
extremely rapid convergence rate d the sirprising msical st6;DUity ob- 
served by KApL. In the largest of a sequence cf test. C~E~E f-sr whia known 
solutions were available for cQop=isonl the sirmzlteec-s generation of Aurda- 
mental and ten harmonics converged in zbres itermims, vitk accuracy rang= 
smoothly fran five figures or better on all hte-rlpe0iate eiganvaliies to seven 
figures or better on both the smallest d largest eigenvalues. 

Che~dco~t wcrir. lxs rter;fieti bczh the 

A uranyl-nitrate, critical-mass assembly ir spherical geatry was simulated 
and run an RBU. The results -cat& far too mr;& nextroc isakage and the 
cause, althatgh not known definitely yet, has 3een %rhc& to the ram nurdber 
generator in the Monte-Carlo. Cmtuunication with J. P. Ekxr of Azomics Inter- 
national revealed that strong biases exist& izi the r&m mber generator 
and particularly in the calczlation of ram soeue8. Particle traces carried 
aut by Burr indicated too large a neutron we and diff'wion length, which coulk 
have been caused by such a bias. A new ran&= nmber generator has been ins- 
talled in the Monte-Carlo, but no results haire ye? been obtained to judge its 
randamess. Additional work is being done on the distance to sollisioa cal- 
culation which is the calcuiatian most critical in detembing the rransport 
behavior of Monte-Carlo particles. 

Specific numerical values of system parameters presenkd to tha Moaze-Carlo 
for execution are being campared with hami calculations, the pcrpose being to 
isolate my Azture troubles to the Mor=te-Carlc, Diffuioa xid Burus programs. 

62 Nuclear Data Tape 

!De G-2 data tape was updatd &ing the ncmh ky ddbg cross section rscoris 
for Pu-239, Pu-240, Pu-241, and Pu-242. Because tbe enera- groqs of tne G2 
data tape are large, the program which obtued t.k crgss sac5ians from the 
RBU basic library had to be modified to provide a 1/E weighting. As a resdz 
of this particular application, two versions cf the Sasic progaa .for obtak- 
ing group cross sections frm the RBU Sasic library ?low exist; one with unit 
weighting and the other with 1/E weight-. 

HEI - Code 

TWO HET codes nuw exist using (a) 8ge-Wftsim, or (3) ZWO-~~X~ Uffusion 
theory. 
aries reduced the error in hff for a PI: PIER iO&hg to + 2%. 

It was found that making a transport thecry apprcximmion near bed- 

(3) Hscher, P. G., "Multi-Group, htlti-Regbn> 
Diffusion Calculation," GE-AmpD XDC 60-3-58 



Bstrumentation and Systems Studies 

The recording of PCTR neutron flu made in Octcber was ~~Lyzsd to determine 
the change in the ratio of total delayed fraction, B2 t; effective neutron 
lifetime, 1, caused by different loadings and lattice structures. The May 
recording indicated a p/1 ratic of 8.5* The October recording i-cates a 
p/1 retio of 6.9. 
Operation, HLO. 

These data have been reprted tc lBqP-rimes4;al Reactors 

Two new ionization chambers were fabricated and tested for use is the forth- 
caning PRTR noise test (PRTR Test #=). 
allow voltage saturation with reasonable pcwer supply voltages. Tests made 
at the T!FR reactor indicate that the chambers saturate at less than 300 volts 
at a flux level of 2.5 x 18 mr. 
in the PFtTR in a flux estimated to be approximately 1 x iGo nv, 
tion flux recording was also made during the T!CR tests. 
recording indicates that the chanber efficiency is s-dficient EO show the re- 
quired pile noise effects althauqh a defi:slfte answer c~Cl.a not be obtained be- 
cause of the limited recording time. 

Smli elec3:rode spaci.ngs were used to 

They will be operated at 900 to 1500 volts 
A sh.ort dura- 

Analysis of the 

The new Ampex tape mechanism purchased by Atmespheric Physics Operation has 
been used with Systems Research Operation electroEics (frm the analog computer 
tape delay units) to determine the feasibility of using tape speedup techniques 
in the analysis of statistical data. 
recorded at 3-314 inches per second and then pl.ay& back at 30 inches per second 
to obtain a speedup factor of eight, 
results within one decibel of those obtained frcm the criginsl recordingo 
of this technique makes uysis of low frewency (o.o~ CPE) dat$a practical. 

The original pcTR recording was re- 

ABalysis of she re-recorded data yielded 
Use 

A new simulation of the PRTFt gas balance system was prJgrammed sn the GEDA 
ccmputer. Computer instability prevented any sclutfom frm being obtained. 
This problem will be simulated on the EASE computer G SJCL as cmpater time 
is available, 

The PRTR Critical Facility has been sucsessfil&y simLaze2 a mber of times 
on the analog computer. It was intially assmed thst heat transfer to the 
moderator was of little consequenced clue to the ex"ureme2y short &ration of 
the parer excursions. 
guards Cmmittee, additional analog IUS vere made whiih inclvde5 %ne heat 
transfer effect. The runs were completed ami fxvmde~ ta Reactor acd Fuels 
Development Operat iono 

In accordance wlth a request by +,he Go E. Reactar Safe- 

Instdlation of extensive changes recommende.;. f2r the PRTR Rel Fai1~1-e Moni- 
tor is nearing corupletion. 
removal of the probe-system terminal baar5 was c,mplzted, 
now being made on the gas smpling system, ad newly-inxrporated gas separa- 
tor changes have improved the sample <as fl% rste a& m.ate:pially decreased the 
water content of the gas. 
testing. 

The basic probe +ermina+ioas are change& ad the 
Modifications are 

The mer-all systeni is fiw in .sozkiitisn for general 

Investigation continued on a microwave methmi far measzing zhe Tery small dis- 
placements encountered in in-reactor measuraerlts cf rree~ in mesalhrgy samples 
Work this month centered around cavities expectei +:c &.-e m3.y me rnde of 
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oscillation in the region of interest (bboct 6 nun Cisgiacemer? razge and about 
5 Gc frequency range). 
lems; apparently nrultimodes are C-O~ prcbiem. 
mode system on a displacement transdccer is bacg b-reszigated. 

So far the cavities ?xiit shuiiei mxitrrescrzlancr prob- 
PCssibiiity of ~ixg a uti- 

Methods are being sought for measuring E235 tzichnt in metallic samples 
of various sizes to aid bookkeeping an6 nuclear safety audlting proceciures 
in metallurgy laboratory and -1s processing areas. 
demorrstrated that will give an amreorhate me-e cf riel enrlchent. 
method is based on the ratio of the gemma cntrzting rates at twe different gama 
energies. 
and -que lines fran the daughters of V-238 ne= tzis ezergy. 
many decay gannnas form a continuum which can %e &e f6irl.y flat in the regim 
of 185 kev. 
185-M peak to the courrts in the nearby contimum, say at 225 kev. 
resulting plot is very linear from C% of 27-235 LT. %o the ortior of lC$ W-235. 
In this range it is possible to me-e enrichent tc ab%= 5$ of the earieb- 
ment. 
tian, and the me cannot be extrapolate6 i.= gEnerai. LZ C,c this region. 
ever, the difference in the ratios is very large, ad if necessary, a giver, 
instmment (detector) may be calibrated with lclown saplea. 

One simIjle test has been 
The 

Uranium-235 has a strong line at 185 kw, btx there are no resolvable 
Instead, the 

The method demonstrated, plote the ratio of the ccmts i=: the 
The 

The ratio for nearly pure V-235 &pea& str-y cm the 5etector resoh- 
Hov- 

Reproducibility was obtained for lifetime and sezsitivity chazacteristics for 
various W-235, Fu-239, and pel-240 Phoenix (breecer) in-ccre neEtron flux moni- 
tors, as determined with the computer. 
both in the graphite and adjacent tc the fuel elemeate. 
of the detector for in-graphite use was detexminej tc be rT-235 (6%) a& pu-2kO 
(bok); whereas the location adjacent to a fuel elaneat reqyire6 a canpositioc 

!Che stdies coxlcernea detector placemeat 
The cptimal ccqosition 

of U-235 (50$), Pu-239 (loqb), ad m-240 (4C$)- 

Calclilations indicate tht. a posstXe pkysicsl coyZigxtitios cf tbe detectcr 
between suitable fission-material ZlateE msy mteZiuy rekce nectror: aetectics 
sensitivity variations caused 3y =dual SCF~&LF~ satvratimc fiz&ily,* 
bumout of the fission prcducta. 

Necessary instrumentation was cbtaine9 for tte fabrizaciss: cf tke experimelital 
detectors in the form of a colloid&l supes?sioI: cf fisEile mszerial. i= a carbon 
foil. 
!!!he planned next step will be to bject plctcnicm dtzate eclc~fo~ catc the 
carbon and then sinter. 

Satisfactory thin carbcn scostrates on stainless steel -have keen pregared. 

Electranagnetic Testing 

ry Additional measurements were de wi%h the awelopmental mtltigle-parameter 
cr: eddy cureat nondestructitre test de-rice c& a sUat.eL test specimen. 
cz, measurements revealed a problem area In tke effect cf calibraticn an2 
cT7 measurement errors upon the degree of isolation >€tweet the in&ividual paremeter 
LJ readouts. The simulated test specimen Las served it& a fx,xtior?s, which were 
0 to provide a ready means to vary parameters ad to idti- 5emoPstrate the 

z 

Wse 

* .. 



principle of operation of the eqpipment. 
actual metal test specimens which will De directly relate< to nonaestructive 
test problems. 

It will now be replaced by specific 

The transformation section of the multiple parameter eddy current device was 
incorporated in the test eqgipment in which the test speclmen is represented 
by a four-parameter electric circuit having four inductively-ccupled meshes. 
The simulated test specimen represents a layered metal obJect having fou 
layers, with the electrical conductivity of each layer being adjutable. 

The transformation section performs summations of the expanded ecidy current 
test signal to give individual readout for small individml parameter excursions. 
This summation has been performed previously by using a desk calculator. 
sis of data obtained by this method shows that, as the llltmber of parameters to 
be separated increases, small errors in calibration reduce the degree of isola- 
tion between read-out channels. The degree of isoiation nuw shad be improved 
by trimming the transformation circuit adjustments under qperating conditions 
to correct for srruill calibration errors. 
the amount of parameter variation Over which the device will separate the 
parameters of the simulated test specimen. 
be replaced with actual metal test specimens having prepared irregularities of 
various types, and the device will be calibrated to identify and measure these 
different parameters 

Heat Transfer Testing 

A circuit to synchronize the print frequency generator in %he Model 1003 heat 
transfer mapping system, and one to automatically shut the plasm flame off in 
the event that the scanning lathe stops duing a test have been installed and 
tested. 

Analy- 

Tests are now in progress to determine 

The simulated test specimen will now 

An invention report on the line-length mapping aethcd =~ow being used has been 
issued and an article on the heat transfer work has been accepted for publication 
in Nuclear Science and weering. 

Seventy-five ultrasonic reject producticzl fuel elements were heat transfer tested 
for AlSi Product Engineering, FPD. 
defect large enough to give a signal similar to that caused by a 3/8-ineh-diameter 
void. 
the fuel elements were detected, but it has not beerz determined whether or not 
they were due to differences in surface emissivity. 
emissivity from point to point on the surfaces of sane %el elements is great 
enough to cause 36 variation in signal,, 
due to subtle mechanical and metallurgical differer;ses in 5oads. 
vity differences have thus proved to be the presext listation cf the inf'raped 
method of heat transfer testing. 
canpensation schemes, and one using transient sirrface temperaixre behavior for 
mfnim-fzing surface emissivity effects are Seing st.d'Led, 

Only one ccntaisec a sharg heat transfer 

SnaU differences in over-all heat transfer test signals frmm several of 

Differences in surface 

Such differe.seee.mask small variaticns 
Surface emissi- 

However, two xe~ccds xsiw reflected infrared 

Zirconium Eydride Detection 

X-ray diffraction analysis of sections of Zircaloy-2 si;l.ing being csed in iLtra- 
Sonic investigations indicated that one sqle, which was SGpFC.Sed to have 500 
ppn hydrogen content, actually contained much less. Vacua fi2si.m analysis of 



Ultrasonic tests made by Testing Met%&: FPE, ?;sing ftarlanr3 eqcipert 
techniques, have thus far prove3 iaee=rsiti-re t-c %yeice ccncentr&tlcms of 120 

system have been written. 
aevelopnent of advanced ultrasank techriwes. 

and 70 m. Speciiicatloas for B ;at+craC,cq- -2trasordc experimelltatia 
This e@.pat ia tc 5s ,sed as a startkg pint. fer 

wetic field strength mcamremeztE were made u", eiestrtcsnagnete 
magnets for use in the devel-t CZ a test grcke fcr simltaneiu mewement 
of the Hall coefficient and resistivity 3y 'kviucti~~e m.~a~.. 
designs of pickup and driving coils have 'tree2 ccqpletd. When f&zic&ted, these 
coils wiU be used for reference Hall ccefficieat ri?,easrrrementE cn, Sismcth. as- 
math has a relatively lerge Hall coefficiexrt caqaret3 zc that ~f wideti Zir- 
caloy previously measured. 

rermasent 

sane teitative 

Microwave Techniques 

Sane ucploratory experiments were perf- tc evakate :he Fossibility of 
detecting surface defects ia the inei&.e cf %!?l sheatk tx3es *cy zlsrcwave 
methods. Tests on 60 Zircaloy tubes showed sensitivity tc t.ae &liFticit.y, 
tube beding, impressed fcrei5 particles ic ti surface, a& sariat.icm in 
&aced conductance. 
will rewe -her study. 

Sane cf these factore car 5e Cer.este5 Hdrecsly; others 

Imaging Methods for Ultrasound 

Schlieren image methdhave been esek 2r & xiie variety of fmiace CtaL St'Zd-06 

on ehock waves, sonic and dtrasosic ivi5raZiom3 & Sgk vel~ci5p sh~ je%. 

Thc methd makes visible physical fistwkuzces whicL c36t;p.e smLl cbangec izz 
the refractive intiex of a transparent meZii. Tre vlsl'rle we zf the ais- 
turbance has then been ued ror de5aileC str.3~ G? Fressxe bietrij-;tioss in 
shock waves, ultrasonic mcde coaversions et interfaces: a.=d ;ie=isit.y -menta 
in gas Jets, for example. Bvidence cf appLa Zirect, Srs mmiesfxxc- 
tive testing problems has not been fc-&. pcr exau~ls~ $he s~ccassftl USE of 
cltrasonlcs for flaw detection relies OL cauglete knovlecig~ :f the cltras- 
propagation. Such things as bean cheracteristks, mode cosersicm= ami Fhysi- 
cal shapes of flaws can cause Variatia in flaw Cetection zap&bilities which 
my lnfl'trence the InteFpretatiort of the test. 
unhzrstood, and present methods fcr their measwement are l&oriol;s and often 
introduce reflecting surfaces or probes which pertcrk Yle cltrasoLic test being 
studied. Direct Imagine with the Schlleres mefh& CGes ncr. j:TLzence the s& 
propagation and may be a lmrch faster and mcra xqlets way cf neasuhg these 

meae effects are rcct always well 

- 
ry 

c': 

c=, phenomena. 
C1 

C.J Very encouraging results were obtained frm a pre2iainmry eqerinient which 
made visible ea ultrasonic beam fran a foczLse& trw&cer in water. The cone - 

shape of the beam and the characteristic si& Locr transmissicn were clearly .. .. 

m nB 



visi5le. 
ducers can be measured fran bean densify and shape, ad rapidly capsred for 
differences which may affect their responses. 

photographs of the ~isi3le %em frca sqpose6l.y ideatical trans- 

Other possible uses for the Schlieren image me%hod appear eqpally attractive. 
Since ultrasound mey be obsemed in sclid tramparem &ia: the direct observa- 
tion of reflection and through transrmssion at interfaces and mcde propagation 
and Seem shapes within the media should be possi3le. 
reflection, mode conversionsg and scastering from different r,yEes of slaws 
should be observable. The observations made cs~i trampareat mterials, by 
analogy, should be applicable to similar si$catiox in qtically opaque solids 
such as metals. 
ficant advancement mer press;ltly-useci secodary detection mthods 

On the same basis, 

The ability to maice direct meascrement8 may represent a signi- 

To determine the applicabilit? of this methd, the prelbbaq I,ptical system 
is being refined and new eqi;.ipent I.a 'Eseixg crdered.. 
of dziving transducers vith c~~tl.~~~~ *LLtrasxnd at fre&encies ad. powers 
which are of interest has Seen fabricazed aixi Atecked me ixlt should 
prcnride up to 100 mtts pmer at mj- frcqie~cy between k an& 11. aegacycles. 
-sed ultrasonic parer is available w5ti eGipnzenf 33 hmc4. 

A pcwer an?lifier capable 

USAEC-ABCL COOPERATIVE PROGRAM 

Nondestructive Testing of Sheath !%Ding 

Investigation of methods for camparing the response of at.ppcsecLy identical 
transducers continued. Four possible tecwques are 'sei= emsidered: 

1. Ultrasonic reflection from moot3 3aU bearings. 

2. 

3. 

Direct imaging utiliziag ScUiere3 techniwes, 

ultrasonic reflection frcm a hzg, (canpareti tc team vidth), a&- 
diameter wire stretches 19 a direction ncmaJ TO 3~ehn; Fmpagaticm. 

4. Sampling of the beam energy with s. prcke which 13 ~e-y small cmpared 
to the size of the tratlakser  der swi5.y. 

Some refinements were made tc the prelimbary Schlierec system tc make the bean 
from a focused transdccer more clearly -72siXe. 

system needed to thorowy e-rahate tke a22licab:lit;y sclf the Schlieren methcd 
for coxaparing transaccera were ietezwd2 smi CC~I.GZ~% are Sei- ordered. 
These will be incladed as gart 2f a more atemfve Sc:uleren system Seing 
developed for general advanced LtralsoLc stxdies as p.m. of the Division of 
Reactor Developent sponsorel Nordestr5:tl.T-e Tes2ing Research pro$ram. The 
Schlieren imaging st.adies -=er u4ly ~2 I;;aanei f2,=. she AEC-EL pagram will 
be confined to thcse aspec+,s partso-ikrly prtinen'; tr sheazh %be testing. 

The requiremet=ss for ao. q$ical 

%e stretched wire reflectim technique was :sed fc Lessare +he 2eam width of 
a ten-megacycle poim-fgcvsed lit~ix-a12phte tra~is&xer 
reflected energy was cant&ce& wizGfL a wiaTk of C.1CO inch, 

At!x.t 80$ of the 
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tion of new parts was stapt&. 

Wption of the newly-developed reJect cirdt t.0 ?Le Xmerscspr btruneat 
continued. Further refine!meZxts are zlecessazy TG frC''rk.E h saa-2Le rrpctiu 
level frun siws in the flaw gate. Sane istaXli?v LSE he2 enccxztered 
due to false triggering fram the tr-tter pcises ani. spxrcls noise pases. 
Electrical shielding which is being developed iE expect& tc e1imbax.e cr 
reduce this problem. 

PHYSICAL RESEARCH - 05 PROGRAM 

Mendaanigm of Graphfte Tkmap e 

The theoretical studies, preparatory to dditimal spsrinmts: beF! last month 
were continued. 

BIOLOGY AND -IC= - 06 PROW 

Atmospheric -sics 

Dispersion data, which heretofore had not. stratifid acccr&hg tc the c~=tam~iry 
meteorclogical variables, were fd 30 sesarate irrJo Zwc gr0V.p acccrding to 
the presence or absence of wind &.recti% trend: the trenc effect -8- 

with distance as the scale length of effective &e6 kcreas&. 
of the time mean plume generated fran a contWAcs pcixit ar"ircep as m.easiie& 
by our experimental technique, is the resuiT cf both d.iff%sia?z and transgort 
of the "instantaneous" plume! elements. 
from diffusion or front meander depen6.s ca th spesra sf' ed@v size relative 
to the plume dimensions, i.e., eddies smaller than the plm &mensic= cause 
the diffusion while the larger ernes only xnt.ribLte tc =der. 

Fre tiepersion 

WheTner %be Lispraia arises primarily 

Earlier analyses of the horizontal growth 3f The fx C-hs 1?59 dat~ mi- 
cated that the grawth did not correlate sim&r wit3 s*ac.@Ieric sta3ilLty. It 
is now evident that the horizomsl grmth of the z?lunr, is mPre clcsely relates? 
to the wind velocity distrilxtioxi By 
grouping the data according to whether the szm-M h-riat-ior of wad cirectic 
was greater than or less than six degrees, the bTa Fqa-atei &sticc%w izzc 
two ~OU~S, the first representing a d-t rceeer eky presexz. & the 
second representing a nearly stew state 3S2~i.tzi. 

miles of travel, the meander effect became lees si@ficest as the iiist.ance 
increased so that the increase3 Flume UmEIlsicz embracd larger and larger 
eddies. 
between the plume initially dwt& ?y .?..f?sizc anit the mean vld+Yi of  be 
plume initially daninated by meanber is veq md.; &th- vit-hin two miles 
f'rm the source their widths differed 'ry a factcr cf tTJc. 

%he perid cf Yne eqerimeiit. 

Withb the first. zwc 

The result is that at sixteeo des CJix iiffereace iz, the mean width 

An Lmestigatim is presently bekg coxxkcted tc dete-5 the. fssibility of 
measuring the deposition cf zinc sQff3e cv"r a paxfac.e trslifonn2.y cavered vitk 
cheat grass. Samples taken frai the vi& mer a field atqermnt have been 

scintiUaxiGn ccaiter . It lm been este3lisized 
car be rieiezmlne9 ir: tkis manner fcr distsacee 

ashed and counted in the Tri-Car's 
that the qpantity of zinc &fide 
within 200 meters of the source. 
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A field test was conducted from the elevated smce at 200 feet during unstable 
atmospheric conditions and samples were obtained at 1.5 meters hei&t out to 
a distance of 1600 meters from the source. 
exceeded twenty miles per hour at the source and was characterized by &reme 
gustiness 

The wind during this test often 

Dosimetry 

Radiation Protection Operation was assisted in preparing to handle possible 1-131 
and Th-232 cases at the whole body counter. 

Studies of proportion& counters were resumed with application to plLtonium 
counting being the goal, 
itself. There are indications that drying, purification, and mixture with 
other gases might result in a usable counter gas. 

Methyl branide was studied. It w-6 not count by 

The positive ion accelerator operated satisfactorily during the month but at 
less than rated energy. 
gies. 

Some sparking is still occurring at the highest ener- 

\ 

A series of reproducibility tests was partially ccmpleted of several cores in 
the new precision long counter and of different BF3 tubes wed in fmrerse square 
measurements in one of the old ones. Measurements were made of the angular 
asymmetry of neutron emission from a source borrowed from Mound Laboratory. 
Anslysis of our data fram three neutron sources that had been calibrated at the 
Nationsl Bureau of Standards gave agreement to within 
ing disagreement is attributed to changes in neutron emission with time. 

mch of this remain- 

At the request of Operations Research, work was begun on the measwement of 
neutron fluxes at near background levels, 

A WI neutron spectraneter was assembled. 
maintaining a vacuum in the apparatus while cycling from roam temperatme 30 
liwd nitrogen temperature. 

Difficulty is being encountered in 

An IBM canputer program was written and de3ugged for --E: h Euaalysis of double 
moderat or data. 

The calorimetric meaeurement of the half-life of Sb-124 is contindng. 

The gemma ray calorimeter was recalibrated. 
unchanged frcun earlier results. 

tent of our source had been below the detection level Gf the mss spectrograph. 
It is planned to determine the pu-238 content of our source hy Zxnting methods 
to see if it can explain the calorimeter results. 

The calibration was essentially 
This means that fhe lo$ discrepancy for pk- 

It was learced that the p12-238 cos- ..tonium reported last month is confirmed. 

The application of a modified "hit" theory to the analysis of suvivB1 curves 
for haploid and diploid yeasts exposed to ionizing radiatioris was studied in 
assistance to Biology Operat ion. 
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Radiation Instruments 

Mnal operating adjustments for the experime,r;=ai-Frcrrxse ccuxxie~t-c~mt 
alpha air monitor have been established thx4 rcztaLei ctserv&zlon cf 
periodic atmospheric inversions sccoapam.eC 2y ?xi3zq of raxr- =E t3oron. 
Operation of the system caxtinued to is esrtisfactcry 
were made to secure optinmi perfomaacs. 
to coincidence count rate was firmly eEt&l.sneL at 8::. 
second, firral prototype uLt which will fsccqcra=c d.i nct& refmenems 
and a more satisfactory assemtly methc6 is ~1-d. 

zxxr BjJ-ztTLents 

me Froper ratic cf alp& c0l;llt rate 
Fabrlcsfica cf a 

A short study was conducted for the Biclsgy @erarim u 83: effort tc det,ermllrr 
an appropriate detection-monitorins system €or ocgs rmt.- Sr-gG, 1-1312 
Cs-137, etc. as body burdens. !I!hese hw ffive ba-&n activzty ieveh whi*& 
preclude measurement in the Biology Total Bqy Mcxtsr Sezsse cf pssi2Le: 
contamination problems. 
and will be incorporated. 

A suitable mekhc2 fc;r suzh measizement ws estaclished 

The f'inal model of the scintillatfa, trarcisttriLe.3 dpffi-bete-gmm hand- 
and-shoe monitor was ccrnpleted and evduticl; tess oc =.ate hwe teen satie- 
factory. 
sent to Redax for demonstration. 

After a short period of test-use b tae 329 XaLriing, It vilz. be 

Two new miniature alpha monitors, using SIUCOU &orit? aetectors and transis- 
torized circuitry including an aural. annuci&%or, 'Erere eatisfaczorily ccmplete5 
and tested. 
of pli-239 was easily detected in a severe r/~ gama ficl6.. 
Building is contemplated. 

Correct operation was obtain&, fr3m 0% to a& 500 d/m 
Use at. 23-5 

- The merimental, background-sltpFresEim: Pm-a-pamna.. cczcmec h--ami-.shoe 
counter, clothing monitor, ami backpgi recorL,?ig ~pt% qFra??ei scccess- 
A;uy for the month at Pura. 
ings were campleted for the instranem. 
the Hanford desia by an off-site mm3act-se-T f3r LSC a$ N REELtGr, 

Az1 betaflea crrc-dtry, preae. ax5 panel Craw- 
T.reive uits d%il ke fasric&teD, to 

Continued experiments with t& CaF2:M themciahescent 5osmeters siiowed 
reproducibility to f lo$ for scccessi-e 300-rn gm SC\EC irr&.titiczs at 
3L kev for five dosimeters. Focr cf five &::imet~.r~ -iwrE cf 5 nev &€sign, 
and the fifth was used as a control. A s2ries cf ener~-cepenxxe tests vere 
performed on the five dosimeters at 15, ?&., 58, ?8. Snc. 1OC: kev fcr tcral 
doses of 200 mr. 
ard the median response Over the stgtei ezergy sgazi. 
measurement apparatus at Calibraticlls meratim vas ncteh at 58 ks where the 
free air ion chsmber reading for 20G ICT carreFptmie6 ts mly 50 mr fa- a 
Victoreen r-meter. 
These problems have made the thennoleescent iosimet er measxreslent E extremely 
difficult 
dif'f icult ies . 

!The best unit provi5ed 4 *~~iat'ic~z cf leas th f 2% 
Sone alffimlt-y in 

Similar afficulties were encwtere6. at ether energies. 

Calibrations Operation perscmel are a-c.aeqtin~ to resolve the 

Fabrication specifications were completed for the recently-develope3 reatitors 
for the Atmospheric Physics Radioteiemetry &-stem. Shtrery chargers. A ne% 
testing device was devised to deternine p%hse we, iwell time? an5 pmerd 
condition of the choppers used in the 20 raxte 0s~a statio=. Writtezl opera- 
-ections and schematics were scnlied zc  he m&x~nance perzomel. 
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Lar temperature problems continue to plague sane of the data stations. 

Advice and assistance were rendered to Atmospheric Physics personnel con- 
cerning a rabdrop-size spectrometer instrument e 

Prototype fabrication continued on a transistorized instrumentg with both 
count-rate-meter aad aural-annunciator indication, for use with air-propor- 
tional type alpha detecting probes. 
where the chances of plutonium contamination of the probes is a great prob- 
lem. 

These are still favored for plant use 

The prototype, transistorized, scintillation, alpha "poppy" wae cqleted 
and satisfactorily laboratory tested. 

Dwelapanenf was begun on a multichannel pulse height analyzer for the positive 
ion generator facility. 
standazd ca3lputer plug-in modules; this will provide a means to study the 
possible advantages of modular design, among which are expected to be greater 
flexibility and much-reduced maintenance cost. 
the aaalyzer was purchased and is expected to be delivered by Januaqy. 

Evaluation and field tests were started. 

The analyzer design will use, wherever practicable, 

A magnetic core memory for 

WASEINGTOIO DESIGWH) PROGRAM 

Isotopic Ana;Lysis Program 

The mass spectrameter for this program provided isotopic analyses of program 
samples and standards according to goal schedules during the month. One day 
each was spent in servicing the spectrometer and in laboratory housekeeping. 

Sane difficulty has been experienced in maintaining adequate sample sensi- 
tivity and precision of analyses. The loss in sample sensitivity is believed 
to be due in part to a gradual decrease in gain of the electron multiplier of 
the ion detection system. 

A calibration of the range factors of the vibrating reed electrameter was 
attempted. 
among ratios of range factors. However, a more accurate calibraticn voltage 
sauce than the one used in these tests will have to be procured before a 
precise calibration can be made. It is also possible that the range switch 
of the vibrating reed electrcmeter may be wearing aut and contributing to a 
degeneration of precision of isotopic ratio measurements. 

It appears there may be as much as a 0.4 percent relative error 

TEST REACTOR OPERXCIOIQS 

A thermal column has been constructed on top of the PCTR. A calculation of 
its reactivity worth to the PCTR has been made using the computer program, 
Fsupw(L), along with several simplifying assumptions about the geornetry of 
the PCTR and thermal column. The result of this calcrzlation indicates that 

(1) WUeY, J. R. 
Group Neutron Diffusion Theory - Computer Program ET-1 1lw-6987a. 
We 7, 1961. 

Correlation of Experimental Activity Traverses Using Few 
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the presence of the thermal columri adds 56# reactivity tc the pcm. 
urement of the worth has been made by determining the difference in reactivity 
of the PCTR with and withwt a cadmium shutter under the thermal column. 
measured difference Is & = Bj. 
calculation, the agreement is considered good. 

A meas- 

The 
Ik view of the appraximate mture of the 

Operation of the pep( contiwed routinely during the month. 
unschedziled shutdowns. 

There were no 

!The Doppler coefficient measureme cf 1.w &-Ai fuel, 65 pU240 in a 6-1/2- 
inch graphite lattice was under way during the month. 

Operation of the Tlli cantixnied roritinely during the month. 
unscheduled shutdowns. 
reactor method for measuring the uniformity of Pu% distributim in Puo;! 
PRTR fuel elements. 

There were no 
Further tests were made exploring the subcritical 

CUSTOMER WORK 

Weather Forecasting anri Meteorological Service 

Type of Forecast 

24-Hour General 
Special 

8-Ha~r Production 

$ Reliability 

Mavember averaged considerably colder th nom&. 
unusual extremes. 
precipitation total from 0.02 to 0.49 inch. 
siderably short of the normal amaunt for Nwember. 

However, there were no 
Snow and rain beginning on the 23rd raised the monthly 

However, this was still con- 

Instmentation and Systems Studies 

Field follow-up work was dme on the IPD Panellit-Heise Gage Readmt Device 
in response to reports that the device was not working properly. 
tion showed proper ewpent cperation ht faulty operating groceaures. 
A rough drsft of a repcrt on this kctnuaent has Seen written and will be 
issued as an unclassified document in the near flrture. 
this instrument have been revisd to show all recent changes. 

Investdga- 

All nine drawings on 

An Fm) autoclave teqeratue controller circuit was swat& cn the Dcmer 
3500 computer with a time speedup of 1000 tc 1. The simlation is being 
used to study the startup characteristics of the contrcller with various 
simulated processes. 

The fabrication of a paper tape perforator and programming unit was ccnapletet! 
and it will be installed upon receipt of the metal enclosure. The system was 
developed for HLO Fuel Design Operation to read at digitally the dimensions 
of lopR f'uel elements. 

Fuels Development Operation is processing BG Appropriation Request for a second 
tape perforator system similar to the above to punch out stress &ata from a 
tensile strength testing machine. 
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The prototype Autamatic Laundry Monitor, for alpha-beta-gama ccintamimtfon 
detection on coveralls and lab coats, was tes3 operate2 duing the mcnth using 
the initial "test" electronic chassis 
obtained and SQD~ circuitry modifications were made 39 elrmintitc transient 
pickup problems in the electronic chassis. 
taped to garm nts for tests with the alpha and beta probes. 
source of ClG of 7.5 x ldc d/m caused garment rejection as did a Sr90 
source of 8.2 x 103 d/m. 
tion fran the Slpha standpoint. 
speed of 10 feet/minute. 

Proper mechanical operati 3n vas 

Knam alpha and beza smrccs were 

Fran 500 to 1000 d/m of P~~39 caused garment rejec- 

Operation is considered Wite satisfacrJory. 

A spot beta 

These were rejection levels for a contreyor 

Assistance was rendered to FPD concerning the ue of a scfntlllation detector 
and rmrlti-channel analyzer to scan normal un.nixm ax-d 1s enriched (with $35) 
uranium to attempt to detect differences. 
could be distinguished if the geometrical coxditions and rod sizes were the 
same. 

Results idicatea that the two rods 

Assistance was rendered to Plutonium Fuels Dearelopnerit mxerrhg a shielaed 
collimator scintillation detector axxi atf-channel analyzer +.G scan bare 
plutonium aide f'uel pellets for locations of abnanaaJ. epct, cc~@emra+Lionso 
The system is now being run in 308 Building with the measurement of sme ten 
pellets ccnrpleted to date. 

Assistance and tests were rendered and performed for Ceramic Eels Development 
concerning a new system proposal for measuring U0;1-RQ fidei rcd density by 
gemma attenuation. 
new mechanical drive system, for moving the rods accarate1yJ vi21 be reqxired. 

Calibration of micro-displacement readout systems, tc be used 7;y P3ysical 
Metallurgy Operation for in-reactor creep measurements9 has contuiw5 during 
Moveaber. 
leted during the month. 
presently in use in the third generation creep capsuleso 
for the fully automated computer program to analpe tram&zer cali'xaticn 
has now been set for early December by Operatiom Researcn &ad Synthes-is. 
campletion, the program will be utilized to analyze the dafs for bczh tke secsnj 
and third generation transducers, and another reference svst~~n. zslitlration 
scheduled for December. Fabrication is 86 complete 3n an Imrar reicrmeter 
support mechanism. When completed, a Boechler misraeter (A 0.000015 i~h) 
will precisely reposition a Cleveland Instrumea Conzpar~y qa3d-w oead 
(* 0.000010 inch) to provide a reference syst.em precision which is expejted 
to be f 0.000020 inch (or better) over a total parge of 0.75 incb. 

It appears that both a csanplete electronics system and a 

Calibration runs on a 0.030-inch-rar~e trudwer (Lm) were ccmp- 
This transducer is typical cf the type waich are 

The 2oIQietfGn &ate 

Ugsn 

optics 

Specifications were written for two complete sas of Schlieren qyipment, 
of these will be used by Testing Methods Engineariq, FPT fcr mmg.ng ulwasomc 
beams. The other will be used by Physical Testing, HLo: fsr srdying bcth dtra- 

One 

sonic beans in water and in thin plastic materials sumLatis sheath 
The specifications for the Physical Testing Lnit %Ll fr,r czmpcxnts 
permit use of phase contrast microscopy in the stu.2y cf dtrasscics. 

tubiag 
which will 



A study is being made fcr PlLtonium Metaiitrgy f-c aete--e BL opz- Eethd 

of mewing temperatures up to 2000% ir: a reactcr.  he Frobla hea bser 
discussed with Barnes Engineer- Ccmps;zy an0 with Wo E. Eiil of the Geseral 
Electric General -er;ng La3oratcry. Tae st'a wiU. le& tc a fc- 
Request for Prcposal which will be subnuttes tc &ifzed maaufactarers of 
temperature measurement eqpipmezzt. 

During the five-week periot (October 29 tc December 3) a tctal of 536 man- 
hours of shop work was done. Thi~ inchde9: 

1. 
2. 

3. 
4. 
5. 
6. 
7. 

8. 

9. 

10. 

Aseembly of the Mark 11 traverse mechanism. 
Preparation of six spe=bms of optic& glass for radiography experi- 
ment~ for Ceramic 3keis Development 
Repair of fw crane periscopt he& for Pxex aud Redox. 
Fabrication of two silica cylinders. 
Fabrication of adapters fGr zicrowave 59par&cs. 
preparation of a @ass scintuator far ckaucal separations (m). 
Fabrication of eight glass bearas for a Johrsm X-30 puq at 
224-u Building. 
Fabrication of 
trol (m). 
Coating of one 
for structural 
Fabrication of 

Physical Testing 

ten adapters fGr nand magnifiers fsr &slit.y Cm- 

lamp with a seaitraasparent layer of stamless steel 
Materials Devslopmem (n.r~.'; 
metal thichess stbds fcr eaQv merit test-. 

Service testing work continued at a hi& ie-rel. 
made on 5,661 items, totaling 78,013 feet of materiu examined. 
greater part of this footage was represent& Sy tiitx-ar pra&cts. 

A datal. cf 112995 tests were 
far the 

Test work mcluded: 
metric); eddy curren5 (flaw detectisn w teat treatment); neat transfer 
(infrared); mechanical tests (bend? impacr, an2 tensile); metallography (macrc 
and micro examination); penetrant [flzcrsscerrt O.D. ad 1.D.); radiography 
(gama-ray ami X-ray); stress ~yais {electrx resisazzce wire strsizl gages 

and X-ray diffraction); sczface zreatmm (m e zlom, pclsling fcr 
actoclaving, stem detergent cleaiing, aaii .!raper segreasmq); mi -dtra- 
sonic (flaw detection a thickness measueaiects). Wcrk was done for 29 orga- 
zatianal ccpnponents representing mcst of the operating depsrtments and service 
organizations at HAPo. 
test- theory and applicatlons. 

autoclaving; bcresaqing; -mioxmi measurements (micrc- 

Uvice was given os 55 -Lfferent occasions on geaeral 

Test work on NPR pressure tubes was dercteci FrincipiQT to possible salvage of 
tubes in a hold status Secause of scrfacc discnztimzities. 
have proved to be salvable by remmal of the ascoztineties and relaxation 
of wall thickness allowances. 
now 0.210 inch and in which tiiscantimities are still eViCent,. 
17 tubes reworked by the supplier was recrivei. 
outstanding on the order that are not on plant e 

in final storage ready for reactor installation. 
operating force working on tne NpR pressuzc tubes in lme with the 1z_p&rixg 

campletion of the test work. 

Mssy cf the tubes 

A few tubes remain in which wall thicimess is 

A shipnext of 
Tnere are cnly abmt 50 tubes 
More tkri 950 tEbes are now 
User Engineers reduc~ their 



B-39 

Four PRTR pressure tubes were sent to the straightening operation preparatory 
to their use as spares for PRTR installation. 

One pRp( rupture loop tube was successf'ully pickled and autoclaved, and 
will be sent to the 314 Building mockup. This tube had passed all previous 
integrity tests. The tube was pickled with the new mechanical adapter 
required to process the rupture loop tubes in the NPR facility. A ' ' 

of interference occurred in IQPR work. It was necessary to coxmuit a good tube 
to test the mechanism, since spare tubes were not available. 
film examination of this first tube demonstrated that satisfactory film forma- 
tion was achieved and the system should successfWly pickle and autoclave the 
four remainhg PRPi rupture facility tubes. 

The autoclave 

Field activity work utilizing X-ray and gama-ray equipment was done at 17C6--, 
PRTR, 100-D Area, 100-H Area, 200-W Area, and NPR. The fluorescent penetrant 
testing of over-bore nozzles proceeded routinely. 
analysis was colnpleted at 105-C reactor. 
were made on two programs. One imrolved preventive maintenance of oil circuit 
breakers for the Electric Utility Operation. 
of pressure vessel surveys being conducted at 100-F, 100-D, 200-E, and 200-W. 

Zircalay-2 fuel element sheath tube testing was limited due to the small number 
of tubes received framr the suppliers during the month. 
on the large backlog of ultrasonic testing. Review of transverse ultrasonic 
testing by the custuner indicated that essentially no discontinuities trans- 
verse to the tubing sxis appeared to exist. Consequently, the transverse 
ultrasonic test has been deleted from the current test program. 

A new shield, synchronizer, and motor indicator for the infrared heat transfer 
'test system was designed, built, and applied to the system,, 
lot of fuel elements were tested and the system appeared to function properly. 
Test results are currently being evaluated. 

Radiographic work on the non-isothennal loop is appraximately 80$ cmplete. 

Magnetic force welding is being evaluated by Ceramic Fuels Development Opera- 
tion, m, for joining SAP (sintered aluminum powder) closures to SAP tube 
capsules. 
Work has been initiated to determine if an ultrasonic test is feasible. 
Several defective weld eaqles and a number of good weld samples have been 
obtained for ultrasonic comparison. 

The first phase of stress 

The other application was part 

Ultrasonic thickness measurements 

Some headway was made 

A preliminary 

A nondestructive test is desirable to assure good quality welds. 

After canpleting (except for formal reporting) the first phase of the special 
assistance work being done on the NPR primary loop piping, six additional 
sub-programs were initiated: 

1. physical Testing participated in an audit of the radiographic subcorrtrac- 
tor's work (performed by an off-site consultant retained by IPD) to the 
extent of providing reference field radiographs of the requisite quality. 

A statistical study was started on Ladish pipe welding procedures. 
work was limited to sectioning and metallographic examination. 
welding processes evaluated showed evidence of cracks ranging from micro- 

2. This 
All six 

msures to sizable metal separations. 
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3. A pilot order was placed for Fipe manufactuec by another supFlier 
(Taylor-Forge). 
longitudiaal weld sesms) and one 20-foot section of pipe were sectioned 
and metallographically exanined. 
6-foot section of the 20-fo~t piece had cracks in the wrldment. 

A section of seemless pipe was obtainea., sectione4, an& metdlographi- 
cally examined. 

Flve HUICO welds of circumferential joints were select&. These weld- 
ments were sngle radiographed, used to obtain mechanical test specimens 
(inclw bend, tensile, and impact), and sectioned. Radiography was 
canpleted on all Joints. Cutting cut of the mechanical test sgecimens 
is about 59 cauplete; with the tests cmpleted on about half of those 
obtained. 
of the sanrples. 
welded pipe was not evident, other discontinuities were fa. 
mechanical tests perfcrmed to date confirmed tmt extensive repair caused 
damages . 

Twenty "ringS" (from the start ant completion cf 

Seven of the ras exarmned and a 

4. 
The one saqle asmined was free of discontirniities. 

5. 

Sectioning and metallographic amninatim was completed on three 

The limited 
Thaugh cracking cf the type found in the longitudinally 

6. A program was initiated to waluate the results of heat treatment given 
the primary Loap piping. 
bg of the pipe with resultant damage to the metallurgical structure; 
and under-heating to the extent that stress relieving is not achieved. 
The first problem was attacked utilizing cmmercislly available eddy cur- 
rent and thermoelectric devices to evaluate she metallurgical structure. 
Results to date have been negative; it is suspectei that the effects axe 
being masked by the sand-blasted Slirfare existing on the pipes. The 
second problem may be susceptible to X-ray diffraction measurements. 
Samples have been obtained for preliminary laboratory measurements. 

Two conditims are to be examined: wer-heat- 

ANALOG COMmpllER FACILITY OPERATION 

Studies 

The major analog cmputer problems consiaeree &sing Nmauoer incl-de: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Reactor Speed of Control. 
VSR Withdrawal Rate. 
Reactor Xenon Effects. 
CPD Tracer Lathes. 
React or Instnrment at ion e 
cm 'IC" Coltimn . 
mMlR Gas Balance System. 
mMlR Critical Facility. 

Equipment Operat ion 

The GEDA Was 78$ and the EASE 9% operation suing the mnth. 
operations were as follows: 

The compater 



GEDA - 
89 
8 

55 
24 

176 

- 

EASE 

3.29 
8 

39 
0 

176 

- 

- 

B-41 

Hours up 
Hours uched-ded downtime 
Hours scheduled darntime 
Hours idle 

Hours tot& 

MBintenance 

The two instrument maintenance men working with the computers are now alter- 
nately working days and swing every other week. 
it is possible to do work that requires the shutting down or use of the cam- 
puter for long periods of time to properly complete the work, 
result is that all of the function generators on the GEDA are now working. 

With me xnan on swing shift, 

One noticeable 

IMsTRm EvALUA!rION 

The original prototype scintillation -ea monitor with both logarithmic 
and multi-range linear responses is being altered to use two scintillation 
probes to cover, on the log range, from about 5 mr/hr to 5,000 r/hro The 
second, low-gain, small-detector probe automatically switches into opera- 
tion, with appropriate warning lights, at 10 r/hro 
covers fran 5 mr/hr to 10 r/hr and the insensitive probe covers from 10 r/hr 
to 5,000 r/hr. 
This double-probe concept will provide an extremely versatile area monitoring 
instrument suitable for any plant use. 
sary, as the insensitive probe is relay-controllei by the inccrporated "normal" 
high level alarm system. 

Thus, the sensitive probe 

Similar &ti-rmge coverage is obtained on linear scales. 

No internal circuit changes are neces- 

Acceptance tests on one hundred 0-600 r self-reading pencll dosimeters vere 
unsatisfactory. 
turned to the vendor. 

Sixty-one pencils were out of limits (* 16) and were re- 

Evaluation tests progressed smoothly on the prototype, scintillationj transis- 
torized, ccanbined alpha-beta-gamma hand and shoe monitor. Tne scaled m,tpm 
reading to background noise) ratio for the alpha channels exceeded 7:l for 

distributed "wedge" source. This is exceptionally a standard 500 d/m pU2 
good. The beta-ganmra chaanels also performed correctly, inclding detection 
of C14 (soft beta). 
and will be moved to either Purex or Redax within a few weeks for field tests 
and demonstrations. 

The instrument is now in test-use in the 329 Building 

All purchase specifications were campleted for a new order of 50 Model 11 Scin- 
trans to be purchased by Calibrations Operation for general plant Use. 

units will be fabricated offsite to Hanford drawings. 
The 

Evaluation tests ccamnenced on the new, transistorized, snintillation, alpha 
portable "poppy" instrument developed by Nucleonic Instmenration to replace 
the older vacuum tube models which have been in plant Lcse since 195ko 
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Assistance was rendered to 306 Building RMO personnel concerning setup, adjust- 
meuts, and use of a scintillation, transistorized dpha-only hand cauter 
developed by mcleonic Instrumentation and fabricated in the 328 Building 
Electronics Shop. 

Lack of personael in the Portable Instrument Shop has precluded gettine all 
30 of the original order of Model If Scintrans modified, with just minor 
changes, for field use. 
now mcdif'ied and performing properly. 
beta-gamma use, using an extra three-binary circuit, for application in the 
100 areas. 
Electronics Shop. 
tions were considerably tightened in an attempt to insue better Wity 
fabrication. 

Nineteen of 22 units scheduled for alpha use are 
Elght units are being modified for 

The eight beta-gauuna units are being mcd.ifi& by the 328 Building 
For the forthcaning order of 50 more units+ the specifica- 

PF Gast:mcs 



RESEARCH AND ElWNEZRING 

FISSIO- MAmzALS - 02 PROGRAM 
IRRADIATfON PROCESSES 

Reactor Radioisotope Reduction Studies 

A direct evaluation of the effectireness of water-treatment processes is now being 
made with a "Zeta-Meter." This instrument measures the zeta potential (z.p.) of 

colloidal particles in water samples which determines their ability to remain in 
the colloidal state. Colloid removal from river water was shown to be highly 
dependent on alum concentration which controls the z.p. of the system. 
removal was obtained with 20 pp alum, which increased the z.p. of water Impurity 
colloids from about -15 mv to +3 mv. 
colloids formed agglomerates which were large enoa 'to settle rapidly or to be 
readily filterable. 

Further studies were made of the effects of chemical additives on the adsorption 
of materials which act as parents of reactor-effluent radioisotopes. Adsorption 
of P-32 and AS-76 as phosphste and arsenate from process water onto aluminum turn- 
ings was studied under conditions of temperature and pH which simulated those of 
reactor operation. Addition of the surface-active agent, Antaron FC-34, at a con- 
centration of 2 ppm caused a three-fold reduction in this adsorption, while addition 
of sodium silicate at a concentration of 10 to 50 ppm as silieor reduced the 
adsorption by three orders of magnitude. So spec+&cular is the effect of silicate 
that the surface of the aluminum remains bright in contrast with the visibly- 
stained surfaces formed in contact with normal process water. 
counter-ions other th8n soctiupp (which would increase the concenzration of the 
radioactive isotope Ha-24 in the reactor effluent) is Seing examfned to find an 
additive which would not contribute significantly to the radioisotope production. 

Maximm 

At this zap., the alum floc and primary 

The effect of 

Soil Sorption of Nuclides from Reactor Effluent 

The relative adsorption of zinc, arsenic and chromium by 100 Area soil was detemined 
at 30 e. A 77 cubic centimeter column of soil received a tap water solution of 
zinc-65 for over 30 days. 
influent were passed without detectable breakthrough. In marked contrast, soil 
adsorption of arsenic-74 and chromium-51 was characterized by a partial breakthrough 
within a few column volumes of throughput. These breakthrough ewes, however, were 
relatively flat, reaching 40 percent and 70 percent breakthrough for arsenic-74 and 
chrodum-5l, respectively, after 75 column volumes throughput, 

During this period of operation 418 column volumes of 

Effluent Monitoring 

Operation of the arsenic-76 monitor was continuous with no shu5down attribute2 to 
component malfunction. 
about one-half of the analyses of the monitor; chlorine-38 interference is fndxated. 
Further determinations are being made to resolve this probiem. 

Laboratory analytical results on comprison samples were 
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Geologicr arid hydrologic da'a axe being collected to study the effect oc reactor 
coolat iniluert'v o? themxy hot 
181 Strildzg forebay. 
river tank directly in%o the 181-E forebay, is of prticular kterest. 

etteriag t!ze Colwia River in and near the 
Thc: i90-5 Area, where thel.1Pa;ly-hGt wazer seeps out cf the 

Several large volume water saaples, one iron a 130 F thel'lpsl sprlng alongside t5e 
forebay and the other iron! a 1814 irtake pump, were sl;hmitted 
aaalyses. The thermal spricg Ple contained 1.3 x ~0-5 kc Cr /CC , at3 the intake 
pump water con%aired 1.2 x 10- Several teqerature measuremegts of the 

Influent water show a 5 F increase in the intake wa*r temperature over the 48 F 
average river temperature. 
6 percezt of the icfluerzt cowred to about 9 perceEt 88 kdlcat.ed by the Cr-51 
results. 
showed iese OZ an increase, inucating a possible need for better measurement 
techniques. 

r radioisotopic 54 
gc C&/cc. 

Thfs kdiea-as tbt +&e sprirzg water constitutes about 

Temperam measl;=emeE';s of severai other pohts in the idlue~t system 

SEPARATTOB PROCESSES 

Purer Diluect Evaluatioo 

Soltrols 130, 140 and 160 (lower boll- point Olluents of the 6- type as Soltrol 
170) were compared to Soltrol 170 by *& "use test" procedure. 
bifftrences in iiseion product extractioc or reteEtion by solvents prepared imac 
these four diluents following cklrical degradaticn were observed. Them results 
=fer ?ro~ those observed rith diluents obtained directly from petrolem (kcrosenes) 
IC which do-bad formetion by chemical degrsdatior decreases signiilcsctly In lower- 
boiling fractions. 

lo significant 

Puex Water EmLustion 

TtLcee ms were =de during the mo~tb +a compsre tlre operatkg charac%eristics o? 
the colune as a fuction of the source of the water used in the 1CX stream. Purex 
dedneralioee water, Purex ssritary water, and 321 steam :on&ensa-ce were used In 
the tests. The zhree -runs were 1den:ical as to re1a:ive flow rates, tenprature, 
Fu;slrig frequency, pulse amplitude and S",&IE coqmition a&& varied orly Fn capazil',y 
factor. The capacity factor it all cases was mainLYaiEeC at a caxjniun controSed by. 
the overall colum detsity, wEck W~E heid cocs'&t aF a valu? Eear floodicg for all 
thme of the runs. 
the 1CX was ehifted from one 8ou;Pce of water to acotbr. Adhitiom!. runs of +his 
type are planned but with re&xied aciG concentratioc in BZP. azrexcgt to reproduce the 
capacity reducing phenomena that sonetinzes occu in csrain of the plant C-type 
columns. 

Essentially no difference iri capaei3 factor was de*tected when 

Ion Exchange Resic S';rees StG&les 

Equipment for making direct measurercent of :he vertical stresses la resin-water 
sysfepcs has beec insLalled and is operating very satisfactorily. The apparatus 
consists of a re631i bed supportyed ty a porous pis*&n vitk $he assembly coc+aiaed in 
a biz. Lucfte tube 5-it. in length. ?he tube is attached to a rack aliowing move- 
ment up or down at a selected coastant velocie. 
combination be- balance-load cell arrangemnt whlck perdts not only measuring the 
stress but also the recording of the stress fluctuations lnzwed by *&e stlck-slip 
pheoomenoc occurring in the resin be&. 
the bed so that comtercurrent ax~d cocurrert flows are simulated as the tube is moved 

The pis to^ is suspended from a 

Liquid can be pmpee continustsly down through 

down and wctively. 
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To date the equipnt has been operated W4th COCurrent flow only. 
first two series of stress measurements, one made at 1.0 an3 the cther at 0.5 kch of 
water hydraulic pressure drop per centimeter of be6, confirm the assumption (cf. 
w-70872 c, p. C-3) that the average stress, (Oz)a, under cocurrent condition& ca be 
approximated by an analflical expression: 

where A 

Results from %he 

AD 

is the effective resin density, i.P., 5% hydraulic pressure drop plus the 
bulk density of the resin bed in the liquid, 

Dt is the tube diameter, 

p' Is the coefficient of fr2c3';fmS 

k, is the ratio of radial to vertical s+,ress; 

thus, kp,' is the friction parameter. 

Plots of the vertical st;ress versus resin bed he-tgbt &ow a l~axinzum or asymptotic 
vertical stress value at large bed heights (grea';es t5an 50 cs), 
meters calculated from the asynptofic stresses in bofh series of experhnents with 
the 10-20 mesh resin gave identical valGes of 0.14. 
obtained previously in the earlier pnematfe eqLiipeof. 

A significant advantage of the new apparatus is its abilicJ fc masure the variation, 
of friction parameter with both bed 3eig5t an8 vert'cal ssress. As expected, at the 
low stresses in the cocurrent runs no signifizact variafiolj. in friction Farmeter 
with vertical stress was noted. 
the ratio of radial to vertical s-trsss inzreaeerl with vertica:. stress. 
equipment will permit this point to ke ckecked. 
measure radial stress independently will yield a mans separately 2Etermir;ioq both 
the ratio of radial to vertical stress ac2 she coefficient of friction. 

The friction para- 

mese 6ata eocfim those 

. 

However, da%a frc3 the prmaatic Fiston iwiicated tfia', 
The presezt 

In additlos, a tramducer muted to 

Double Bellows Ion Exchange Contec*ar 

3ydraulic and pulsing tests to svalwate the 6oubie 5eCows 5iggler equipment (2f. 
EW-69822 C, p. c-18) a8 a semi-costinEous ccntastor aspar to 3e fevorable. 
possible to push resin slury consistectly in 4-51. dime-ler glass n,O~umn8 (2-ft. long 
adsorption section and 2 ft. long elLtior. section) wkec 5k.e puh was programed alter- 
natively to the flow of simulated prozess stream with flows up 'GO & liters per sinute. 
A 3/4-in. orifice insertea above the elutior: iniet a52ed su3stantially in mairrtalnirg 
a dense bed in the elution sectic-, cf tae appratus. 
movement did not exceed 17 psi8 ever. wi%2 .= ~1ise fi-equeccy as hi& as 59 zp. 

It was 

Maximum pressure duricg resin 

Dyed process strew conffrned "Le practizai possi5il:?y of pupicg hcth feed and 
dution streams simultaneously without uidce ~Lxing of fhese strearis. 

was Permutit SK 20-40 mesh and test. tezperatures w8re 22 C a& 5e C. 
The tes% resin 

Solvent Extractiolz Trta'aent of Wex =wW 

StuOies are in progress to adapt fhe 3BHPA solvent exi,ract.ton flcvsheet used in 
the Hot Semiworks recovery cf strontiuc *A tke remo-ml of Locg-lived radioactive 
constituents (strontium an2 rare earths) ?=om formUiehyde-:-eate6 -ex IWW waste 
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of the FIW solution. Precipitation in synthesized P'IW spiked with various radio- 
active tracers observed versus time. 
preparation the percentage of europium precipiated increased from zero to 13, of 
cerium from 15 to 43, of strontium from seven to 45, and of zirconium-niobium from 
11 to 40. 

In the period from 18 to 330 hours after 

Barium was essentially 100 percent precipitated immediately after make-up. 

Further experiments investigated the stability of feed solutions prepared from 
sjmthetic FIW. 
by centrifuging. 
ing and complexing agents. 
0.18 5, respectively, the solutions were eseentially stable towards precipitaxion in 
the desired pH range (3.1 to 4.7) for a solvent extraction feed. 

Solids formed immediately durhg preparation of the PnRJ were removed 
Sodium acetate and BEDUi were added to the centrifugate as buffer- 

When acetate and HEVIA concentrations were 0.35 M and 

In batch contact studies the extraction of various radioactive and inert constituents 
of the above feed solutions by 0.37 M D2EHPA - 0.2 M TBP - Shell Spray base was 
determined at feed pH's of 4.0 and 4:s. Stmntium,-cerium and europium distribution 
ratios were all relatively high. Thty ranged from three to 300 dependfng on the ion, 
the equilibrium aqueous pH and the concentration of HEDTA in the feed. 
iron, sodium, aluminum, zlrconium-niobium and ruthenium distribution ratios were all 
less than 0.1. 
earths from FIW by DSEIPA solvent extraction. 

Chromium, 

These data show good promise for the removal of strontium end rare 

Waste Transfer Program 

The mechanics of sludge sluicing by water-Jet were studied using 1/8-in. diameter 
nozzles and submerged plaster of Paris targets. 
aolids removal) in the system (a) varied by a factor of three for nozzles of differen 
desim and construction but of equal diameter; (b) were not affected significantly 
by the angle of inclination (Jet axis to water surface angle) for angles above 15 
degrees; (c) decreased almost exponentially with target submergence (depth of water 
covering the target), except that for shallow suhrgence (less than 25 percent of 
the nozzle to target distance), this effect is small. 
to the square of the mean liquid velocity (fluid kinetic energy). 
the results of the study can be combined with full-scsle in-tank studies to design 
optimum sluicing system for underground waste storage tanks. 

In general, 6hichg rates (rate of 

Sluicing rates were proportional 
It is expected that 

&-Tank Solidification 

Submerged combustion tests with 
rough draft of the final report 

simulated Purex supernate have been completed and a 
has been prepared. 

Batch Calcination 

The effect of a draft tube insert on batch calciner operation during the boil-down 
and calcination steps was further explored in an 8-in. diameter by 2-ft. high 
annular vessel. A 
simulated Purex, formaldehyde-treated, high-level waste was chemically adjusted by 
sodium and alumina sulfate to a solution that would yield a calcine that would melt 
at a temperature of less than 900 C. 
tube during most of the boil-down step and no solids deposition on the pot wall was 
apparent. No foaming problems were encountered. The circulation ceased only when 

The draft tube was l7-l/2 inches high and 7 inches in diameter. 

The boiling waste circulated through the draft 

the boiling slurry 
effects were noted 

beck highly viscous.. 
because of the draft tube. 

During the calcination step, no &verse 
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I JDECUISSIRED' 

Since the current program in waste managelcent at Hanford is diverging from an interest 
in total calcznation to one of remval of long-lived heat generators and in-tank 
solidification, this work will 3e suspended. 

!I!RAlSURAIVIC ELEMEar AND FISSION PRODUCT RECO?JEXY 

Hot Semiworks Operation 

Ar. overall material balance for the recently completed IEjw strontium-90 recovery 
program has beea completed and the following data supFlant the prelhinary Inform- 
ation transmitted in last month's report. Tbe da*& indica= that 745 kilocuries of 
purified ( specif ication ) Sr -90 were prepared from 1180 kilocllr, 4es input to HSW with 

an additional 170 kilocuries held for further rework. OveralL run losses averaged 
15 percent (175,000 curies to*al). An additional 90,000 curies is urraccounted for 
and presumed lost during between-nre manipulations. 

In the find run, 420 kilocuries of Sr-90 were recovered from an Input of 480 kilo- 
curies. In addition 
to the Sr-90, about 310 kilocuries of purified Ce-144 were recovered from 660 kilo- 
curies input. An attempt to recover a ceriuc-free rare ee3 fracticn was abandoned 
when only 24 kilocuries of Pm-147 were found in the raffinate from the cerium 
extraction step out of about 120 kilorurfes brought in. Material balances were poor 
indicating only 50 percent of the rare earths were extracted in tke first extraction 
cycle, although only 15 percent were found in the aqueous raffinate wastes. 

Of this, 170 kilocuries has been set aside for ?ur+,her rework. 

Solvent Extraction Recovery of Strontium 

Effscts of radiation on process solutions are being studied in s~pprt of the Bot 
Semiworks strontium recovery program. 
streams, citrate-containing product streams and solvent are being irradiated in the 
eo-& facility at 100-ICE, 
sition of D!CEA in simulated feed soPutioas by gamrea radiation. 
by Dam-TBP-Shell Spray Base was aeasured as a function of gama Sooe received 
by the simulated feed. The cerium dist ibu%ion ratio E: increased from 0.059 at 
zero dose to 15.3 at a dose of 7.5 x 10 R. Tfiese results suggest aE explana*ion 
for the relatively poor cerium deccn-rzation 03ta;n.ed w4th some ESW feed tatehes 
containing DTPA as complexant. 

Strontium Carbonate Product Studies 

Laboratory bench-scale studies were -&e $0 inves+,igate the feasibility of using 
potassium bicarbonate instead of sodim hydroxl5e or axmnium hydroxide for catral- 
izatiorz of acidic strontium solutions. 
slimhate both the possibility cf precipitating strontium as the hydroxide and %be 
potential hazard of ammorrium nitraj;e accmLaticr. 

Pour different feed compositions were used: (I) 0.02 M Sr++, (2: 0.02 M Sr", 
1.0 M HK03, (3) 0.02 M Sr++, i.0 X m03, 0,5 W citraG, (4) 3.02 ba - Sr+T, 1.0 M - mO3, 
1.0 - citrate, 
vere precipitated by the addition of 2.2 moles EX0 /mo;e-Sr'+. 

acd filtration was raFiC. 
totaZly blinded the fllter. 

So1c"Yions s'hulatbg mA-complexed feed 

An icterestieg observation is the relatively rapid decompo- 

Serium extraction 

7 

%e me of potasshe %:carbonate would 

AcidiF samples were neutralizgd with 2.2 ?ul EC03, +,hen all sanples 
After digeszing 

Sample 3 produces a gela+,lnous presizifate whict soon 

and cooling, the samples were fil'&red. Filtrates a rom Samples I and 2 were clear 

Sample 4 filtered rapicy but %e yfelr'l was visibly poor. 
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ratrates from boa 3 and L were cloudy. 
looks attractive for strol;fium solcticns iL nitrlc acid if no citrate is present. 

ir summary, 'cizarbona%e nectrelization 

Bulk Fiasicn Product Packaging 

U parts cf &&e prototypicai remote loading statzon have been fabri, naL&d and the 

w~lding power supply, slcpe coutzwl, and high frequency stark were received and 
ins*&ed. Design of the turntable and torch fixtures for mmote operatior: wae 
conrpleted. A weldiag *&rch hav2ng no gaskets on the gas and water cocliag 1hes 
was designed to eliminate le-. 

A search has been started to flnd materials scd means ?or physicUy bindfag or 
c-nting dry iissioc product compounds into a ~0~~0li&te6 dust-free mass inside 
the shipping canister in order to prevent or miLimize the atmospheric release of 
powdery product In the event of a catastrophic accident *to the container. 
first line of investigation IE to seek out msterials that can be co-tieposited In 
the shipping container with the flssion produet intemeSlate, and ibea vitrified 
by heating dura the nornral fission pmduzt calcining step. 
exchange medley when loaded to nmchum capecity (e.g., 20,OO curies of radio- 
cesium product per gallon of mcdia), may be wed to carry fissior produzts in 
the shipping csnlster. However, the product Is difficult +a recover after the 
ion-exchange nredium ie heated much above LOO C. 

The 

Inorganic ion- 

An Improved design of a capping station for the fissioc product packegirrg facility 
hais been completed. 

Cerium-144 Shippizg Cask !bets 

Cerium loading, drying and unloading opemtions were bmnstraoad in the EAPO I 
Firelon Product Shim* Cask. A slurry of non-radloective Ea 0,.Ce2(S04)3.2E20 

of a ten gallon per mlnute stem jet. 
fol.lowe: 

aad finely divided copper powder was vacuum filtered ic tke cas 4 filter by means 
Some of *a more lqortsst results are a6 

Capacity of the filter was foun to be between 700 snb ~OG gram of cerium, 
equlvaient to between 0.56 x 10 8 and 0.a x 10 6 ccrles o? Ce-la versm 

the design capacity of 0.50 x LO6 curies. 

Cake 6i880lGtiOn with 4 M ElC was accomp2iahed wtthout pressurizing the 

ing to backflush techique. 
well as through the solvent Met was required. 

cask. Complete dlesoluth w i 8 accompliehe& ia two passes krithout resort- 
Solvent eEt-7 through the slurry =et BB 

The cask heater hurctioned pruperly during &&e first drying operation, but 
was found to have 80 in+oc,aal. short when comzec-&d for the second drying. 
Cause of the short has not been detemlaed. 

A field leak teet of the miniature Iiufor& co tc*&rs wi+A mtaL seals 
showed a helim leak rew of lese thaa 1 x 10% a-sphere-cc per second. 

Promethium Recovery 

A euccessf'ul prorce*Uum purification I'UD. wea coqie'ab duriag the mon%h in the A-cell 
ion exchange equlpIuel;t, thus demonstrating on a convincing scale a flowsheet originally 
developed wi%h "cold" stand-ins and tracer levels of acti~-ty. 

80 percent 

A total of 26,600 
um-147 product was ob*uained fro= the -run, fcr an owrall recovery of 
roduct was rsbiochezcically pure but cortained sone (cold) samarium 

end ueodp!ium. 
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me feed was prepared in B-Cell iron a -ex cnde by batch-wise peroxyaceta+a 
presipitatfons, using decantation for phase separation (since a suitable centrifuge 
or filter was not available) e 

curies/l Ce-144, and 150 euries/l Y-gl* The peroxyaceb* product (feed to A-cell) 
contained 50 curies/l pm-147, 7-25 curies/l Cz-144, 75 curies/l Y-91 and 18 g/l Ba. 

This feed, initially at pE 4, was acidifies to pH 0.85 tc 1 ('0 daimfze scetate 
zomplexbg) and loaded at a fairly high flow rate (5 to 7 d/dn., cm2) cnto the 
first column in the A-cell series, a 4-in. x 9-ft. column filled with Dowex 5W, 
X-12 (50-100 mesh) resin in the ammonium cycle. 
breakthrough was reached only at the end of the loading cycle. =e ccl~s were 

then connected in series and elu%d with a 0.015 M EDTA solu)uicn, buffered eo pH 
8.80 with cMmonium hydroxide. 
columns (which also contained Dowex 5W, X-12 resio) an3 worked very well. 
(Thorium or aluminum might also be satisfactorily used as 3arrier ions. Lead cannot 
5e used since it was reduced by radiation in the preseme of E3PA and resin in a 
manner analogous to that experienced with ccpper. 
cclumns were heated to 55-60 C . 
%he final column where it was reduced to 2 to 3 ml/mfn., c3e2 to 'tsha.zpnt' the band. 
The cerium and most of the yttrium were eluted tc waste at tlae kot*&m of me first 
two, bin. diameter elution columns. 
through two of the 2-in. diameter columns. 
used because of a leaking valve or gasket. ) 
and there was little evidence of resin damage or troublesome gassing. 
the pH of the elutriant from 8.80 to 8.50 was found tc largely eliminate such gas- 
sing as was observed. 

The profile of the band was debmined with the in-ceP1 gamma spctroEeter as the 
pronethim was eluted both from the first and the secocd emalJ, zolumns, an8 a marked 
sharpening of the band and increase in purity was noted. 
eluted from the last column was radiochemically pure; howeverp it contained sufficient 

neodymium and samarium to reduce the chemical purity to about 60 percent. 
through a third column would undoubted3.y have increased the purlty further* 
a larger promethium band (more curies of promethim) would also bws improved average 
prodact purity through minimizing the relative effect of end effscte (overlappirig) 
caused 5y the short length of the band. 

Supporting laboratory and analytical work has been aiwd at de4%rminlag why the 
-ex crude contained less than the expec+&d amount of prcme+&ium. Alzalysis of 
3amples from a current Purex strontium productioc rm shows that ms+, of *vCz 
pomeLhLum (65 percent) is lost &iring the sl;lfa% precipitatim cycles ocmpar5d to 
znPy LO percent of the cerium. 
due to lower-than-optimum C,emperamres, which a?'is:-, ~rcll~efriun =re than cerim. 
ime -ex plant is limited to temperatwe. less than akozt 50 c since tfis trezref'er 
?e% will not operate at higher temperatures -- wk5e the re+zograde sc:iMl:*by of 
the rare earth sulfates rcakes a higher temperature v9x-y- desira3le). Bc4k prone+Aium 
and cerium losses increased with pE, while tkere was nc s~ccg depneenn-e on sCLfa+a, 
Is&, cc tartrate concentration. Lit3.e y%+,ri.m was preeipffa:e2 =der my ccn- 
Ziz9,om 
eaqles are in progress aimed a% aelrfsizg H~~LE of re3xizg ~ke ;=m.ezkim 1033~ 
Alternately, the sulfate waste mar ke ac ai,%raet.ive ~oten~ial SCL-:C cf =rc~~tZLi~lk 

elrJac5r partfay Separated from zerim (hit heavSly conraLdzaLs-5 ~5th y-btriun) * 

The Purex crude contahed 82 rwi,ps/i Pm-lh7, 185 

Loading reqdred 33 hours and 

"Cold" yttrium was-used as barrier ion in the elution 

During the elutfo 3. cycle, the 
Flow rate was 3.5 tc 4.5 d/&n., cm , excsr,f on 

The promethium-rich cut w&s then eluted 
(The third 2-b, zclumn could not 3e 
Operation was generalby quite smooth 

A decrease in 

Most of the pronetkium 

Paseage 
Use of 

The laboratcry adxi3ies izdS%%e %fir+, this is probabzy 

Additional experiwnts (incorporating washfzzg) an3 amL;~sss ci plm3 

Ceeium Sclvent Extrae5ion 
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%us9 the extrexicn coefficient fcr cesiun! from sycthetrc 1034 supernate irto 
0.0125 - M dipicrylamine (in citrobenzece) Increased frozc a value of 0.9 at 50 C to 5.6 
at 6 C. 
tire change was from 1.3 at 50 C to 8.4 at 6 C. Extraction coefficients from a low- 
salt, pE 11.5, 0.001 - M CsCl solution were much higher; 81 at 50 C, 191 at 25 C, sad 
W5 si 6C. 

'A series of nine other compounds were tested and found ineffective. !Bese inc1-d: 
picris acid, nitrobarbiturfc wid, 2,4-dicitro-l-naphiYho;-7-sulfo=ic 6cld, 3,5- 
dinitrosalicylic acid, 2,4-dlni~roresorcinol, 6-chlcro-5-nit~-tcluene-3 suifonic 
acid, 2,4-dinftrcphenol, 2,4, 6-trioitro-resorcino19 an& 2,4,6-tri-citro-m-cresol 
(a tested with oitrobeazene 88 Uuent). 
(mistakeo) belief that compounb rese&liog picric acid WOGX be eeective agents 
for ctsim. 
groups are responsible for the hi& extraction by dipicryl-e. 
being procured or synthesized to test this hypothesls. 
extractaut contaiaiag fewer nitro groups than dipicrylarr'e. 

~rom synthetic -ex IWW (nectrclzed to pH 8.65 ad ccarplexed with tartrate) 

Most of these were selec%e& in the 

From the re8ult8, however, it appears that conJqakd amine and nitro 
Compounds are 

The objective is eu effective 

Special Hazards Studies 

Additional solubility bta were obtained for the sodium cerous sulfate salt to be 
used for Ce-14 shipllent8. 
6.6 &iter, a value considerably higher than the gravimetrically dete-mined value 
reported last month. 

Tht tracer methods used gave a solubility at 20 C o? 

No reasonable explanation for the difference could be made. 

Release of radioactive eleaents from the sodium cerous sulfa*& product of cerium 
fission product recovery process was investigated at elevated temperatures In 
oxidizing and inert atmospheres. 
0.11 percer;t. 
with a prograamned temperature increase of 10 C/&n up to 1h50 C. 
cl 3 percent Ru and 5.5 percent Zr was obtained with helium fioviag at 850 cc/mir 
fSTP) ssd under similar temperature programming. 
ditiors at1350 C for twu hours in either helium or air a-SghereS were 0.005, 0.6 
and 0.1 percent for cerim, ruthenium end zircocium, respectively. Since both 
radlcru$henfurr: acd radlozirconim are signi?icant contanchants of the pro&wt, their 
consideration in a shipping hazard anaiysis Is ir&icated. 

The maximum measured relesse oi rsdiocerium was 
This release occurred with alr flowing at 2300 cc/znin (STP) and 

A nsxfmum release 

Releases under isothermal con- 

4k.rlALxw Arm ms- CEEXSTRY 

Determination of Ttchnetim-99 

Argentic oxide, an oxidant capsble of separating any prsfsteat -ru+Lenium Inter- 
ference, must be freshly prepared to assure oxidizing powez airequate for removing 
ruthenium. 
column holding the technetiun: for ruthenium contamination prior to elution of the 
Lechnetium. 
cation exchaage cycle is repeated using fresh A@. Inciden*a, technetium, IC 
0.1 M HC1 and in Its lower valence state, was cbserved M plate quari3Itatively on 
zinc--, a potential separation techique for tecbetim, perhaps. 

Aeccrdingly, standard practice now is to check the mion exchange 

If ruthenium is detec-ad, the technetium is eluted and the oxidation- 

- 
N 

c1 

Zeta Activity and P-32 Meesurements In Duck Samples 
c r; 

?!he deterniblation of Tfl and P-32 contents of duck heads anC muscles sees is pro- 
ceedlng as outliced last mnth with some changes. =e burten o? 2300 samples dewCed 
a "8creening" method to deterxcine tbe ieasikility of messurkg TB md P-32. 
co-=relation reported to exist between a gamma emitter and P-32 appeared IosuCiciently 

L-i 

r-3 
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sensitive. Instead, this alternate was used: g€UmS counts in the low energy 
region (Oil to 0.3 Hev) exceeding background by more than two staadard deviations 
indicated the presence of beta emitters. 
value were discarded. The screening found 800 samples with enough TB and P-32 to 
to measure. 
and comparing occasional results With chemically separated P-32. 

Detenninetion of Flwrescein in River Water 

Thus, semples which counted below that 

The latter was measured by noting the half-life of the T8 aliquot 

analysis of fluorescein (soUum salt) in 140 river water samples was completed 
using the direct fluorescence measurements obtained from a spectrofluorometer, 
employing essentially the same method as developed earlier for this investigation. 
Reffnements extended the detection limit from 0.5 to 0.1 ppb. The recent work 
indicated satisfactory results in the lower range using only direct measurements 
without having to resort to a lengthier concentration method. Effects of the in- 
stability of the fluorescein sodium salt in water with time are noticeable but not 
significant for the present use in tracing river water flow patterns. 

Corrosion of Titanium by Purex IWW 

Titanium samples were exposed to the liquld and vapor phases of boiling solutions 
simulating estlmated future compoeition of Purex IWW but with fluoride concentrations 
two to eix times that anticipeted. All semples showed corrosion rates less than 
0.05 mil/m except those in the vapor phase above solutions having five and six 
times the expected fluoride concentration. These corroded at 0.07 mil/= at five 

% and 0.7 mlls/mo at five and six times expected fluoride concentration, respectively. 
A saxuple of A-55 titanium was exposed under heat transfer conditions (bulk metal 
temperature 150-160 C) to synthetic current Purex IUW. Corrosion rate throughout 
800 hours of exposure was about 0.01 mil/mr, with no evidence of crevice corrosion 
at the gasket-sample contact point. 

Materials of Construction for Plutonium Electrolysis Cells 

Data were obtained for calculation to break down potential of the 60 percent Bel2, 
40 percent KC1 salt under test by 234-5 Development. 
both anode and cathode. 
deposited on the cathode. This experiment was repeated a second time with similar 
results. 
chloride with only a weak indication of potassium, barium or barium chloride. 

Carbon rods were used for 
At the conclusion of the test, a hard black solid had 

X-ray diffraction studies showed the deposit to be predominately potassium 

Several attempts to deposit tungsten on ceramic materials by vapor phase reduction 
has led to a redesign of the equipment. 
yielded an electrically conductive coating on the ceramic substrate. 
part had increased approximately two grams in weight during these two runs. 

Two short run8 in the redesigned equipment 
The ceramic 

Recuplex Solvent Extraction Control 

A series of run8 is underway using the C-column facility with flow ratio control 
to evaluate various control techniques for use with the Recuplex process. These 
tests are designed to demonstrate the control characteristics of a C-column under 
constant ratio control, concentration feedback ratio control, and gradient feedback 
ratio control. 

rqrc2 
l2Jtr3JJ 
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A prototype air driven pulse generator currently under test ic Recuplex requfred 
fns+mntatioa for indicating the pulse amplitude. An instramentation system for 
performing this task was assembled, tested and transferred to Recuplex. 

rJeu+*ron Multiplication Monitor 

Instrumentation for monitoring approach to criticality in a Purex process tank has 
been assembled and tested in the laboratory. 
a solid state detector for purpose of capWi0g reliability and efficiency of the 
twu techniques. Laborstory tests indicate tbe system incorporating a solid state 
detector, although conslderablyless sensitive than the BF counter, may bve a 
suiiiciently high neutron count rate for a particular appdcation in purex. me 
c-eted instrumentation package was sent to the Purex plant for installation in 
B cell. 

The system uses both a BF3 counter a& 

Work is continuing st the Critical Mass Laboratory, In cooperation rlth Physics and 
Instrument R&D personnel, to provide an additional source of data for evaluating 
this type of criticality monitor. 

Gamma Spectrometer 

A gamma spectrometer technique for remotely dekrPrining fission product concentrations 
has been effectively utilized In the high level radiochemistry facility. 
was made to determine the feasibility of adapting this method for use in Purex. 
In-line installation at the E-1 santpltr appears feasible and should provide valuable 
anwical data for control of the various steps in the fission product recovery 
process. A major advsatage is expected to be reduction of personnel exposure 
associated with current sampling procedures. 

A study 

Prellminazy design of a monitoring system for Purex was completed and a prototype 
sampler was built. 
shape of the sample holder in relation to anticipated sample activitylevels and 
detector sensitivity. 

Laboratory testing was initiated to determine optimum size and 

Strain Gauge Specific Gravity Instrument 

A device for continuous measurement of specific gravity of flowing process streems 
is under development. The instrumnt uses a strain g8uge load cell to detect the . 

effective weight of a submerged plummet as it varies with chsaging specific graviC,y 
of the stream. 
designed flow cell. Flow rates up to six gpm result in an error of less than 0.004 
specific gravity units. Minor modifications me being made to the irstrument to 
reduce its sensitivity to variations in vertical alignment. 

The effect of flow rate is essentially cancelled by a specially 

C-Colunm Test Facility 

A satisfactory method of loggiag the output from the new turbine flowmeters was 
developed using a voltage signal from a Foxboro converter and a tunedwave trap to 
reduce interference from a 120 cycle ripple in the circuit. 
split beam photometer signal lines was completed. With the exception of an abnormally 
high dark current on one of the two phototubes, the instrument appears to be operatisg 
satisfactorily. 

Installetion of the 

Mathematical Model Studies 

A mathematical model for the C-column which consists of two simultaneous differential 
equations describing the aqueous phase uranium concentration and the organic phase 

*ww!!z!z n 
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uranium concentration as functions of the distance up the column, has been shown to 
have the characteristics necessary to adequately represent the experimental profile 
data. 
that the coefficients of the equations could be easily varied. 
made on the computer with various values of the coefficients until a reasonably 
good fit to the profile data from one run was obtained. Correspondence between 
the observed data and the computer results appear to be sufficiently close so that 
the obJectives of the computer study to determine magnitudes of the par-ters can 
be met. 

 he differential equations were progr-d on the analog computer in a way 
Several runs were 

-. 

Salt Cycle Process 

Separation of Plutonium from Uranium in Molten Chlurlde Sys- - Exploratory work 
hae continued on metathesis techniques for the preparation of pluhnium oxide in 

~~ - 

molten chloride salt solutions of irradiated ur&iUm. 
the reactions (with MgO, SnO2, or Sb 
melt, with promethium added as a 
last month, the addition of one gram of wg~ to the melt precipitated about 40 mg 
plutonium, a recovery of 80 percent. Azlalytical results recently obtained for this 
run, however, -have shown that the promethium decontamination factor was only 2.7. 
Attempted precipitations with Sn02 and -20 gave much lower recoveries of Pu02, 
with as yet undetermined promethium decontdination. 

Further work in the saa~ system was &ne with uranium(IV) as a stand-in for 
plutonium(IV). It was observed that while Sn02 gives rapid and complete conversion 
of uranium(IV) to U02 in the presence of 0.1 weight percent uranium(VI), much 
higher concentrations (2.4 w/o and above) reduce the extent to which the eoxwersion 
occurs. 
reactions, partial precipitation and partial oxidation to urauium(8p) 

II.I these particular stdies, 
were attempted at 550 C in a LiC1-KC1 

rare earth tracer. As reported 

Attempted precipitation of uranlum(IV> as U02 with Sb2O5 produced two 

Mechanism of Reduction of UO@m - As another approach to determining the 
mechanism of U0&lD reduction in fused chloride salt systems, an Impedance bridge 
has been set uphad preliminary measurements made of cathode-capacitance as a 
function of cathode potential. 
(although broad, and not very high) peak at about 0.29 to 0.30 volts, and a second 
peak at about 0.22.to 0.20 volts. 
yet firm, the results appear to agree with chronopotentiometric data which indicate 
that the reduction of U092 to UOg occurs at least in part by a zwo-step mechanism, 
with uranium(V ) as an intermediate. 

The results thus far have shown a reproC?ueible 

Although the interpretation of the data is not 

Crystal Growth Studies - Intensive efforts to develop techniques for controlling 
the crystal growth of cathodicuy-deposited UOg have continued, with tbe following 
observations : 

Deposits of 2 to 3 gram crystals can be consistently groduced at 550 C in 
the pbc12-2.5 El salt system. 
impurity levels as low as 20 ppm Pb and 10 ppm KO 

Large crystals have been ch-tained with 

The LiC1-E1 system (equimolar) also appears to be suita3le for the growth 
of large, ceramic-grade U02 crystals. 
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(3) 

(4) 

Crystal gKnrth characteristics 
in the melt. In an experiment 
tion was reduced by deposition 
crystal growth was good in the 

may depezd strongly on urariium concentrations 
in the course of which the uranium concentra- 
fro= 20 weight percent to one weight percent, 
esrly stages, some crystai branching was 

noted at-10 percent, and the deposit laid down toward the end of the run was 
comprised of a fine powder. 

An attempt was ma& to deposit uranium metal along with U02 by operating 
with a high poteritial in a LiCl-El melt in which more than 20 percent of 
the uranium was present as ursnium(IV). 
indicated nearly stoichiometric UO , with no evidence of metallic uraniu~~. 

crystalline form of the &psi$ was quite different from any seen 
previously. 
oriented rows giving the deposit the appearance of a striped watermelon. 

Product analysis by X-ray diffraction 

Colunuzs of U02 tFt had hemispherical surfaces grew in vertically 

Rates of Dissolution of UO 
temperature effects In the 
It vas found that an increase in temperature from 500 to 600 C gave about a 75 
percent increase in dissolution rate (for 8 single crystal) in a El-LIC1 system, 
while further increase to 700 C, in either LiC1-KC1 or 2MgC12-3K1Cl gave a 10 percent 
reduction in rate. These phenomena are attributed at least in part to lower equili- 
brium thallium( In) concentratlons in the n( 1)-ll( IfI)-Cl2-C1- system at the higher 
temperatures. 

- Additional data have been obtained on 
dissolution of U02 by chlorine. 

LiCl-El-UO$lp Phase Diagram - Differential thermal analysis measurements have 
betnnonl-IO=l-U0$12 systems. bog the points obtained for the phase 
diagram are the following: 
WCl-KCl eutectic (40.9 percent El) changed the melting point of the salt from 
349 C to 366 C and 419 C, respectively. 
U0@2 to equimolar LIC1-KC1 changed the melting point from 435 C to 342 C and 324 C, 
respectively. 

(1) Addition of 20 and 40 weight percent UOS12 to the 

(2) Addition of 20 and 40 weight percent 

Oxidative Decladding - Initial trials abed at removal of U02 fro= stainless steel 
tubes by oxidation to U308 showed only mderate prordse. 
rate of removal was disappointingly slow. When external heat was applied, there 
was an initial increase followed by a falling off of rate, apparently due to 
migration of oxygen into the U02 matrix followed by swellin6 and packing or plugging 
of the tube. 
torch" techuique 

Using heated oxygen only, 

Future runs will explore preheating of the UOz and use o? a "cutting. 

RADIOACTIVE RESIDUE: FMATION 

Kinetic Studies of Ion Exchange Materials 

Kinetics of cesium-134 loadlng were studied in the film diffusion region for the 
inorganic cation exchange materials Decalso, clinoptilolite, erionite, phillipsite, 
and Type A synthetic zeolite. The same shallow bed technique was used as In the 
previouely reported particle diffusion studies. 

The film diffusion region is defined as the region where diiZusion across a concen- 
tration gradient, 
determining. Boydpl) has used the expression "ln (1-F) = -R(t)" to describe the 
fiLn diffusion kinetics of organic resins, where: 

r film, surrounding the particle of exchanger becomes rate- 



F - fraction of loading, 

R = a constant that includes the liquld diffusion coeificient, particle radius, 
film thickness sad a distribution factor, and 

t = time elapsed since loadin& began. 

~oydls expression was tested for applicability by compu%ing "R" at several points 01: 
the same loading curve. 
at all points on the loading curve, were found to deviate less -than those reported 
by Boyd for several organic resins. 

The values for "R", which theoretieally should be %he same 

me, it appears that Boyd's technique for detemlnfng film Cffusion rates can be 
applied to inorganic exchangers as well as organic exchangers. 
temperature, flow rate, and competing ions on "R" vaLues will be studied on the 
inorganic exchangers listed above. 

The effects of 

Resin Capacity Studies 

The capecity of Duolite C-3 resin for cesium-137 from high set waste increases 
with increasing pH. Recent experiments have demonstrated that the bu??er capacity 
of the waste affects resin capacity more than the pH per se. 
cesium-137 in 2 I sodium carbonate (pH 11.8) and 2 N sodim sulfate brought to the 
same pH with sodh hydroxide exhibited marked dfffGrenrles in breakthrough points. 
The 50 percent cesium breakthrough points for carbonate and sulfate sclutfons were 
208 and 137 column volumes, respectively, 

Column runs with 

Extraction of Cesium from Acid Wastes by ClinopttLclite 

Equilibrium experiments with cliroptilolite show that cesiure is read:>j extracted 
from synthetic, formaldehyde-treated IWW waste at a pII ae low as 1.3. 
of 134 and 137 were observed at pH values of 1.0 and 2,h. 
values are obtained if heated clinoptilolite is used. 

rC, ve;rues 
S1iiglLtl.y higher 

Condensate Wastes 

EquiZibrium distribution coefficients were determine8 for true ces',ure azE s-5rentiuz 
ions in dilute solutions of lithium and potassiua! Eons at pX 6, C'ol.ans* of Dep,aLsc, . 

clinoptilolite, Amberlite W-120, and Duolite C-3 woulC reach 50 percesnt c%sIrrr;z 

breakthrough after passage of 12,000, 2O,OOO, 130 and k50 eolmn vcluuss, respectively, 
of a 0.12 M lithium ion solution. With the same lithiurc fcc zcrceatratica %e 50 
percent st'Fontium breakthrough WOUU occur after 150,OGO, 1OO,c)CO, 5,SOC a& 3,000 - colm v01umes, respectively. 

ro 

c7 ~ra 0.1 M potassium ion solution tke 50 percent cesium breakt,hro* would CXUT 
0 

Ui 

crl 
--1 

dter Sssage of 200, 200, 20 and 50 :elm VO~LUMS, w&reas wi% stroafiu the 
Sreak-,Crough would occur after 2500, 10, :SO0 a& 400 "0,cIcllp volmc, respxtiPely. 
The disfribution coefficient for strcn5iuz on sllnoptilolizs IO 0.12 M acid is the 
sanae as cbserved for 0.12 M potassium ion. %GS, neutraliza-,isi c? CT12 M aeiC 
scLu$fons with lithium h&x:de w0d.C increase the strcrkiun :apsesty ctf-Llncp- 
tilolite 10,000 thes. 

A Micro Pilot Plant run was completed in wk.ic:h sbe &caztami%a%icrz prforclarzze of 
a cation resin [Amberlite IR-120) foliowed fc series 3y a dzeral 
was evaluated, 
first 2000.liters ci feed, Purex tank fam codemate waste, were adJusted ccn- 
thuously with nitric acid to about a pH 2,L. 

sLiscptlLoX'te) 
Ee 

?!ken, acL2 add::iicr was stogped an2 

Both exchange materials were or2ginaLy ir, the bydregcrr fern. 



the ~g gr&uCLy rose to a pE 6.5 wUe 1800 liters were treazed. 
li-~rs were -asted at about pE 5.5. 
for Feplcviag cesiua ad strontlm varied with the pE, the optimum remval of these 
isot,opes fcr +Us ays%en; oceulrre8 around pS 4. 
Lyb cLnoptilcli=e, and stroa5iue was prbarSy removed Sy the resin. 

The fioai 3000 
Al-hcugh the efiiciezcy cf *&e mterials 

Cesium WBB .prfmaFCy removed 3y 

Study continued on the chemistry of decomposition ci rzrtheniuz tetroxide unbr 
simulatcd waste-calc%ner off-gas conilitions. 
vapor pressure of the tefmadc fro= sulfuric acid 8olu~ions, (2) ement of adsorp- 
tion on silfca gel as directed by tcspersture and e reducing agect (iomaldehyde), 
(3) X-ray dfrYraetior oi ru*&eri= deposits cn silica gel aa a functior of heating, 
(4) kinetics an8 au%o-catalysis of ktroxlde decoqosition at elevated temperature, 
8nd (5) the ~ltraviolet absorption speczrme; of ruthenium tetrox2de. Detaile will 
be presented FL the Waste ?'ixs.-Lior? quarkkrly report. 

Information was obtained OQ (1) 

?lsrlon Product trleeses 

Scouting rrtudies on the irrccrpo-wtior of fiaeim product etrontiu~ 8nd cesium in 
glasree -- in behalf of 
reported earlier. 
birity. 
shlppw mCdiS9 provided the giaseee coUd be Ussolved or leached at the destin- 
az:on to meke the flesion product availsble for further pwcesrkg. 
qusEtitative solubility s5udles showed that the strorrfium phosphcrte and cesium 
phosphate &ssees were readily decorcpo8ed ersd largely dissolved by r;itrlc or 
hydmchlorfs acid, nnbring furtker processing reasonably convenient. Thle 
approach to cheaper 8hipmer;t will be explored further. 

s+&rsge or heat-source utUiza*,ioo -- have been 
Mmy of the gLassee prepred had reasonably low water solu- 

The 8t;ggestion was recently msdc to use such glasses 88 high-Integrity 

Semi- 

In-Cell Spray Calilner 

?!he Frr-cell sgrsg calciner Is belcg assem3led for thoro- "ccle" testing prior 
*a =vine, IC*& -&e hot cell. 
wi13. beg2E as ~GOE aa building sons',ructlon activity in 325-A is completed and 

ecaifoldLng removed. 

A *&c-laas Zow meter, to IE~BBLY flow raze cf'pressurized, raioactive feed at 
ilows in *the ra~ge 50 ml to 2 li*&rs per hoc, has been designed and is being 
tested. 
increese of temperature a8 the liqcl& flows past a heater. Al*uho~.@ the unit 
appears p-roesing and possesses *e deeLred sensitivity to s& ?bw variations, 
problems are presented Cy sensitiv4,iYy to solution -%anperstwe ad Oissolved air, 
and by the urlnowr, effect o? raiiation oc the thermistors. 

Yack-up of the ze3 with a maEigulator-?xar-ing wall 

%e principle of operatLon is use of a *a-cmistor bridge to mea81~32 

- 
Geclog~ad- logy 

being drilled. About 90 perceat of the or5glnally estlnsted footage is drilled. 

tT: 

cy Fiiteer cf the sixteen wells on PmJect CAH-921 are coqlete; the Sinal well is 
,- - 
,ll Lt 

C7 A fwo-Wnsional, fluid-flow aalog mdtl was assemble& and tested. 
is a psssive resistance ne-crk ccoeisting of 288 discrete resistances and fiimulates 

The model 



a previously constructed conducting-paper andog. 
calibrated to an accuracy of about one percent while overall system resistance 
accuracy was better thazt three percent. Potential vahee were measured at 14b 
locations and values compared, through use of a digital computer matrix comparison 
program, with potential measurements from the conductance-paper analog. 
difference between the two systems was 0.26 percent which indicates quite good 
agreement between the systems. 
components, methods and techniques of analog simulation prior to attempting design 
and fabrication of a more sophisticated system representative of the Project. 

Individual resistors were 

Mean 

The purpose of the resistance network is to test 

An aquifer transmissibility test was run on well 699-69-45 after packer studies 
of the well were completed. The test was made by injecting water into the well 
and obsenting the change in well-water elevation. 
the Ringold clay at this location, a low transmissibility wa8 expected. 
missibility of 113 gpd/ft was indicated. 
shows that this method my be used to obtain hyilrologic data where the ground 
water is ia sediments of low to moderate permeability. 

Because the aquifer occurs in 
A trans- 

The success of this injection type test 

Field Apparatus Development 

An O-ring shaft seal on the pump for inflating the packing element of the vertical 
well current meter sealed effectively at depths to 150 ft. 
improve the performance of the well current meter. 

A!MOSPHERIC RADIOACT= AND FALLOUT 

The mdification should 

Analytical Procedures for Meteorological Studies 

An analytical procedure to determine zinc sulfide on grass and other types of 
vegetation ground cover was developed for studies of the distribution patterns of 
particulate materials released to the environs under different meteorological 
conditions. 
filters used in air sampling for the same study. The vegetation samples were 
slowly dry ashed in the counting vials, suspended in the liquid scintillator 
solution, and counted. Ashed cheat grass exhibited a background phosphorescence 
which required about 40 seconds delay following excitatfcn by Light tc decay to 
insignificance, whereupon the ZnS phosphorescence could be counted. This delay 
reduced the sensitivity of the procedure to about 2 x 10-7 grams ZILS wl~irh, howeve 
is satisfactory for the present study. 

The procedure is a modification of that developed for the molecular 

Faout Measurements 

Measurements of fallout radioisotopes in the environs due to the r%ce=* foreign 
tests were begun. These include surface as well as upper ai: (to 12,000 ft.) 
meaeurements Preliminary samples were taken using a "poLypre" filter (designee 
to collect 99 percent of all particles larger than 0.1 p> Sacked 5y about one 
Inch of coconut charcoal. 
Zr-95 - lib-95 were readily detected on the filter alorrg with some 1-131. 
three-fourths of the 1-13 collected was found on the charccal. The fallout 
radioisotope concentrations varied with altitude; the highest level in the 
preliminary tests was found at about 2,000 feet. 

The isotopes Ce-141, Ba-140 - La-140, Ru-103 and 

Up to 

Radiation Chemistry 

Additional measurements were =de on the kinetics of erythroeytz hemolysis ic 
isctonie s following absorption of gamma radiazicn. is zhese s5udies the 

I25[:";$ 
L' L 
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- 
erythrocytes are used as 8 biological prototype for evaluating protective agents. 
Erioglaucine at a concentraticn of 5 x 
concentration of 5 x 10-5 I4 were found to prhct the erythrocytes from radiation- 
induced hemolysis. Since %e rate of hearclysis has not yet been correlated 
quantitatively with absorbed dose, these protective effects cannot be evaluated 
in nwrical tenns. However, it is interesting that ';he three amino acids, 
valine, histidine, and tryptophaa, with protective indices of 0.1, 0.3and 0.6, 
respectively, also produced protective effects increasing in that order. 

M and seversl -0 acids each at a 

RADIOISOTOPES As PARTICBS Am voIA!rxl33s 

Aerosoi Generation Studies 

A LsMer-type aerosol generator vas further studled to establish parameters con- 
trolling particle sizes and concentrations. 
acid particles were generated of median diameters between 1 and 5 microns. A 
Royco particle counter was readied for detail studies of size distribution. 

Ra+her narrow size ranges of stearic 

Deposition of Particulates in Conduits 

A facility was prepared'aad used to accurately calibrate air-flow meters needed 
in particle deposition studies. Errors of less than 1 percect in air flow rates 
up to about16 cfm are believed sttainable with this facility. Highly accurate 
metering is needed due to the high power dependence of depositfon constant on 
particle transporting media velocity. 

Manager 
Chemical Research and Development 

WH Reas:cf 
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ORGANIZATION 

BIOLOGY OPERATION 

AM) PZRSONNEL 

Dr. Colbert Cushing from the University of Saskatchewan joined the 
Radioecology Operation during November as a Biological Scientist. 

Dr. E, Tombropoulos from the University of California joined the 
Pharmacology Operation during November as a Biological Scientist. 

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 02 PROGRAM 

Effect of Reactor Effluent on Aauatic Oreanisms 

The eqeriment of fmr months' duration to test the effect of crowding on 
the incidence of&. columnaris infection in trout was terminated. 
mortalities were observed during the late weeks of the test when the water 
temperatures ranged in the low 508s (F). 

No 

The summary of the results follows: 

Trough No. Initial No. 
of Fish 

20 
21 
22 
23 

900 
450 
150 
50 

Total Mortalit Avg. wt. at end + of test (grams) 

51 
66 
86 
81 

Salmon Survex 

A total of 935 salmon nests were observed in the Columbia River between 
Midway and the mouth of the Yakima. 
from the reactors. 

Six hundred of these occurred upstream 

C. columnaris 

Samples of river fish continued to test negative for columnaris. . 

Waterfowl 

The study of the dispersbn of waterfowl from the Hanford environs by analyses 
of heads from birds harvested by sportsmen was expanded. 
being collected from Washington, Oregon, and California, with more than 2,000 
already sampled, 

Waterfowl are now 

BIOLOGY Alii MEDICINE - 06 PROGRAM 

METABOLISM, TOXICITY, AND TRNSFER OF RAUIOACTIVE MATEEIALS 

Deuterium Stud ies 

The peviously reported sigmoidal survival curves have been caused by clumping 
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of D20 cells. 
by vigorous agitation of D20 cell suspension, ex-ponential survival cErves Ere 
obtained. 

Preliminary studies with fish indicate that fish can survive UF to &8 hours 
in 50 per cent D20. 
Fish kept in 25 per cent D20 were normal in all respects. 

This clumping is not apparent microscopically, however, 

The LDso values for D20 cells are 2 to 4 times higher than H20 ceils. 

However, they are not normal acting and will not eat. 

Strontium 

The influx rate of calcium across the gills of rainbow trout appesrs to be 
greater than the influx rate of strontium. 
of 1.8 x 10-7 cm/sec for calcium and strontium, respectively. 
of calcium ions (maximum of 5O-pg Ca/l) did not change the influx of SrRck 
tracer amounts 

Experimental data gave rates 
The pres 

Studies of the effects of a aline e ths in the intestinal perfusion fluid 

continued. 
also the effects of pH and citrate ion. 
determine the effects of mixtures of calcium and other alkaline earth ions. 
Of particular interest was the observation that rats perfused with 5 mM zinc 
in the presence of citrate absorbed 49 per cent of the perfused Sr85 and 5.9 
per cent of the perfused C&5; this being the highest ratio of Sr to Ca 
absorption yet observed. 

Naked changes in calcium and SrFO transfer from plasma to milk were observed 
during the &&day lactation perio 

shown be 1 bv- : 

on & vivo absorption of Sr E and Ca L% from the small intestine were 

Gata were obtained on the effects of beqrllium and zinc and 
Studies were also initiated to 

of ainiature swine. The milk to plasma 
ratio of stable calcium and of S 30 at three representative test periods is 

Milk:Plasma Ratio 
~r90 - Day of Lactation 3 table Calc ium 

1 8 3 
10 20 10 
42 34 17 

The plasma content of both stable calcium ana Sr 
the entire lactation period. 
such marked changes in milk:plasma ratio of these elements have been described 
and further studies are therefore suggested. 

was fairly constant &ring 
To our knowledge this is the first time that 

Microdensitometric recordvgs of autoradio graphs of the tibia of a one-year-old 
animal fed 25 uc/day of Sr showed the following interesting results: 

Radiation Dose in Tibia 

Distance from Proximal Xnd Maximum Dose Minimum Dose 
as a Fraction of Tibia Length (raas/day) (rads/day) 

3.0 
4 06 
6.2 
5.2 
Ir.0 

2 04 
1.8 
2.2 
0.6 
2.2 

UNcmsIFm 
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The average dose rate to the active red marrow may approach 4 rads per 
day since in the adult or ymng adult animal the active marrow sites have 
regressed to the proximal and distal ends of the medullary canal and are 
adjacent to solid bone or bone spicules. 
previously predicted values of 4 rads per day to the skeleton of adults on 
the 25 pc/day level of Sr9O. 

These values agree generally with 

tative standards upon which these readings Repres 
depend wF11 be analyzed for their S 3 content. 

The basic data on all miniature swine were prepared and key-punched for IBM 
storage and processing. 
early December. 

Data from skeletal analyses of sacrificed miniature swine were updated in 
preparation for this year's Biology Annual Report. 
performed on a total of about 220 miniature swine. 
data are on newborn and weanling miniature swine. 
the data revealed little effect of Sr90 feeding level on the calcium and 
phosphorus content of their skeletons. On the average, slightly greater than 
1 per cent of the bow mass of the miniature swine is calcium with an average 
calcium to phosphorus ratio slightly below two. 

Other data on the swine will be submitted during 

Analyses have been 
However, most of these 

Preliminary inspection of 

Cesium 

Plants grown in toxic concentrations of cesium recovered when placed in 
potassium nutrient solutions. 
carrier-free solutions was double that in plants from carrier-containing 
solutions. 

 he ~~137 content of plants grown in 

Plutonium 

Studies with triethylenetetramine hexaacetic acid ("HA) were extended to 
determine the effect of a lower than maximum-tolerated dose. 
level, at which only moderate diarrhea was observed, TTHA administered 
orally one hour following plutonium injection resulted in the removal of 
all except 13 per cent of the plutonium. At the same dosage level, DTPA 
in a parallel experiment, left 46 per cent of the injected Pu. 
effectiveness of TTHA at this we11 tolerated dose is about equivalent to that 
of DTPA at the marginally lethal dose level of 6 mM/kg. 
obtained from a small number of rats due to limited availability of TTHA. 

At a 2.8 mM/kg 

The 

These dataewere 

Experiments were initiated to test the effect of urethane (etnyl carbamate), 
DTPA, and ultrasonic irradiation on Pu deposition in, and removal from, bone. 
Data are not yet available from Pu analyses. Some interesting physiological 
interactions between the urethane and DT'PA were noted. 
to extend the effective period of anesthesia produced by the urethane 
injections. 

The DTPA appeared 

Radioactive Particles 

A group of rats were exposed to CeUO2 aerosol to test the effectiveness of 
negative ion inhalation and subcutaneous injection of cyanacethyirazide on 
increasing the rate of pulmonary clearance of Ce44. 

UNCLASSIFIED 
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%e 
of Iyji in thyroid sf rats was tested in TWS eqeriments. No results are 
available . 
One dog died five months after exrosure to PU23902. 
up to death were easily identified radiographically. 
years ago to pU23902 are showing decreased. neutrophil leveis in the circulating 

blood as we11 as lymphopenia. 
correspond exactly with the Occurrence of lympfiopenia in that it is occurring 
in dogs having 1ymFhocyte levels in the normal range. 
summarbed as follows: the lymphocyte counts of all control dogs are above 
3,000 cells/mrr? blood. Nineteen of '23 dogs exposed to plutonium have lymphocyte 

counts below 13700/md and 10 are below l,OOO/d. 
and 3 controls have absolute neutropenia, below 4 700/& - Seventeen exposed 
dogs and 2 controls have leucopenia, below 8,000 leukocytes/md. 
dogs with marked lymphopenia, neutropenia or leucopenia have increased 30 per 
cent since July. 
it is seen only in exposed dogs. 
control and exposed dogs is not known but may be related to seasonal varia+' ions. 
Also, for some undetermined rason, the circulating leukocyte cmnts of beagle 
dogs in our colony average well below those of dogs in other laboratory colonies. 
The general physical condition of the colony is good. 

E"ectiveness of Frkaling stable iodke as a alhent of sn ae?osition 

hlmonary changes 1ead:Lng 
Other dogs exposet two 

Hovever, the neutropenia does not appear to 

The blood data are 

Nine of the exposed dogs 

The number of 

Lymphopenia is a consequence of plutonium inhalation sime 
However, the cause for neutropenia in both 

Basic Radiation Zf fects 

Weriments were performed employing tritiated thymidine, leuc he and arginine 
to study the incorporation of these compounds into cytoplasmic and nuclear 
components of mouse spleen uld bone marrow cells. 
have yet been ootained. 

The effects of X-rabiation upon single and mixed species cultures of flour 

No inteArpretable data 

beetles (Tribolium confusum -&xi 2. castaneum) were studied. 
2000 r greztly reduced the number of F, proger,y, 4000 r was near the sterilizing 

For both species 

dose and 6000 r produced complete sterility. 
to 4COO r, the number of viable gametes increased. 

- T. castaneum produces more progeny under control conaitims and is slightly 
more tolerant to radiztion than L. confusum. 
in mixed populations after six weeks culture increased from 70 per cesli in the' 
control to 95 per cent in the group ewosed to 4000 r. 

Four weeks after exposure to 2000 

The Froportion of 2. castaneum 

Fallout Satdies 

The IU1 concentrations in thyroids from 37 deer harvested in Cclorado during 
OctoeI 28 to November 7 averaged 1 x loo2 pc/g wet weight. A slight decrease 
m I levels occurred near the middle of November. Deer from smtneastern 
Washington, including roadk-ills from the Hanford Eeservat ion, contained 
comparable amounts e 
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C. Lectures 

- 
HW-71921 

a. Papers Presented at Meetings 

P. A. Olson, "Fish Toxicity Studies on Atomic Process Wastes," November 14, 
1961, Tenth Pacific Northwest Research Symposium, Portland, Oregon. 

L, g, Mug, "Metatjolism of '1Ul-b Sheep.and Swine," International 
Atomic'Energy Agbay Conference on the Use of Radioisotopes in Animal 
Biology and the Medical Sciences, Mexico City, Mexico, November 27, 1961. 

V. G. Horstman, J. W, Cable, W. J. Clarke, M. E. Kerr, R. L. Persing and 
L, K. Bustad, "Blond Miniature Swine for Radiation 
of the American Society of Animal Production, November 24-5, 1961, Chicago, I11 

53rd Meeting 

Northwest Section of the Society for Experimental Biology ad Medicine, 
November 17-18, 1961, Richland, Washington: 

R. 0. McClellan, W. J. Clarke, N. L. Dockum, V. G. Horstman, J. R. McKenney, 
GI-t and L. IC. Bustad, IIBiological Effects of SrgO in 
Miniature Swine It. 

II 
H,\W. Caaey, R. 0. McClellan, J. W. Cable, and L. K. Bustad, Transfer of 

Heavy Radionuclides to Milkt1. 

b. Seminars (Offsite) 

J. F. Cline, lIladioisotopes in Agriculture," University of Montana Fkperiment 
Station, Havre, Montana, November 13, 1961, 

R, C. Thompson, llInternal Emitters," Health Physics Division, Oak Ridge 

C. Seminars (Biology) 

National Laboratory, Oak Ridge, Tennessee, Novanber 1, 1961. 

R. L, Uhler, "The effects of chloramphenicol on ion uptake,I1 November 7, 1961, 

R. E. Nakatani, "The effect of chronic feeding of Spa, Ygo on.Rainbow 
Trout,I1 November 7, 1961. 

d. Miscellaneous 

L. A. George, "Radiation Biology11, November 4, 1961, Spokane High School 
Science Seminar, Lewis and Clark High School, Spokane, Washington, 

D. Publications 

a. Documents 

No ne 

b. Publications in Open Literature 

Sullivan, M. F., Vntestinal vascular permeability changes induced by 
radiation or nitrogen mustard," Am. J. Physiology - 201, 951-9!& (1961). 
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m-m AND PERsOrnL 

W. R. Lewis was transferred to the newly formed Test Reactor and Auxiliaries 
Operation as Superrlsar, PRTR Technical Planning. 

Input-Output Model 

A secmd draft of the 

EIAPO Criteria Studx 

me report describing 
Business" was issued. 

report summarizing 

"Criteria Used for 

work on the WO model was completed. 

the Direction and Measurement of HAPO 

smms5CAL AND Ivummwl CAL ACTIVITIES FOR Om HAPO COMPONENTS 

Fuel Element Performance 

Cmsiderable! attention is being given the problem of assessing the accurscy and 
precisim of measurements performed on the pre-irradiated fie1 element. Results 
fram the Quality Certificatior: Program poiat a;lt the need for cbtaining reliable 
pre-irradiation data. 
tester were wed. 
estlmatim of percentage biases betweer; ras in additim t9 cmst.ant biases and 
precisions. 
fmnd that some runs have indeed measured 33). the high side for law valses and on 
:he law side fbr high values. 
tester errors. 

Data fhrn several rum made 3n the UT-2 and an the bond 
IE this cQnnectioa, a model was developed which permits 

mis has been programmed for use 3n the IBM-7090, and it has been 

Further work is 3eiq don6 ia this general area of 

3e segregatim of Fmpyrity cxrtent ad grain size aloag an ingot is beipa 
isyes+,igated using data collected at FMpcl. 

C3nsultatim was given relative to the HPSO reqiriremeazs for variables LT-2 
&L+& at the feed sites. 

General . 
In the heat treating of NPR fuels, an air delay time of a given number of 
secmds is used prix to quenching. Using data showing variations in cooling 
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corrosim pnfile ra+Aer -& merely %he mbiman ' thfckness. 
been done in det,ermining how best t3 machine process IJ, data 
tempera?are distributions arnrnd a fuel elemezt charge. 

Work cozt,inued on the pr3blem of cqputhg pr&abilities of 
welded pr3ntax-y piping for the YPR Pmject. I>uring %member 
relata to the problem was issued. ("EatirPatiaxi af' Defec5 
by Car2 A. Bennett and A. D. Wiggins, Hmember 8, 1961.) 

Fifteen unirradiated fuel elemests were masure?. fce weia3 
both the 300 Area eqyipent and $he C-%sir? equipment9 with 

sd dhasislis on 
three rn beizg 

Cmfidence limits 011 the zmversioa rmf.; &xes oMahe3 .?; 5% +;velve two-ton 
bat& tests were found assuming a given preeisiE in the exp?a,,-es assigned +he 
individual fuel element charges. 





with a particular thearetical model. 
tlistributi<a in the UFagirrm maC;rix pius a transfarmation 
%he theoretical distribution on.the micrograph from the matrix me. 

Here, the model consists of a theoretiesl 
function which geaeratas 

Phatonium Recycle 

Additional analysis of data fran a high energy uranium oxide impacting test 
experiment is underway. 
density on fire pressure is being fi5ted +,a the data using NEUY. 

A new mod& which assumes an asymptotic dependence of 

A discussion was held with PIER engizeers eamer== D20 inventam proeedures, 
An at%empt wiU. be made to assay the preeieim of hot and cold inventmies, 
both empiricslly and frm the invent >ry famulas with appropriate propagation of 
e-mr methods. 

Recexit autoclave comslon experiments wibh 36OCC deiorrized water have resul$ed 
i;z six sets of homogeneous corrosion dsta time series on aluminumlcts of similar 
nominal CCDlrposition and purity. 
in hqes of substantiating or refuting current corrosian mechanism cozJ6Ct;ZPTes. 

Dsta fran a recent pilot smdy mineral bed waste column eqerimeat were analyzed 
for Chemical Effluents Technology Opera%ior. 
%km ad a function of three factors, waste dilution, residence time, aad bed 
psr;iele size. 
%ions which extend the range of the pil3-b study in the directfm 3f imprzved 
column operation. 

Plese data are being fitted ta theoretical models 

The study cmsidered column optfmiza- 

A second experiment was designed tc cover fac%>r level canhim- 

Work cm3inues on the mathemtical circuit esis model designed ta aid 
liutmnent Research ad Developmem Bpera;Cian evaluate the resul-% Qf aa experf- 
mslt befig performed to test the sensi5ivity ad seleetivlty 2f an eleetrmie 
nsndestmctive fuel element testing instranez%, 

5000 A'ogrsm 

Amspkeric Diffusion Studies 

250510 
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IiIELLZ, the Hanfard modificaticn of a as Alamos nzGinnasr least sqaes rmtine 
has been caupleted and its aumerow iteraticm chcices exr.o-sively ckeckerl. cut 311 
3 Sattery of test grsblems. SPEC, a caquter code fx qm=Ti+a:ive ree:l-utim 
cf depe~ect gamma enezgy spectra, aJ.682 has been empietei. S~'J-cd test 
eases have bees resaved si~c~esef%XLy. 
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PROGRAMMING OPERATION 

A. PLUTOI9IuM RECYCLE PROGRAM 

1. Cross Section Evalustion 

A general calibration of the 
ca,rried out to increase its applicability to broad survey -lysis. 
MELEAGER is noFmBuy recalibrated for each reactor being analyzed 
by someone extremely familiar with the MELEAGER code and the 
physics ofthe reactor to be studied. 
approach for speciflc cycle analysis where the number of reactors 
to be calibrated is less than ten. 
analysis must encompass a very 1S;rge number of reactor cases 
and thus, it becomes impractical to provlde individual attention 
to MELEAGER code calibration for each run. 

fuel burnup code is being 

This is a practical 

The HLO combined cycle 

The work is being accomplished in several phases: 
is to ernmine the suitability of a modified Westcott represen- 
tation of flux and cross sections. This work is being done in 
cooperation with HLO physics groups. The General Atomicsf 
"Spectrum" code is being used as a standard to examine the 
validity of the modified Westcott flux patterns. 
been derived (see October report) for comparing the neutron 
temperature with the moderator temperature. 
has demonstrated that the relationship is: 

the first, 

Methods have 

The investigation 

Tn ZT 
-m (. + e I 

Ya roa d% 7 
5 ,:a 1 

where, 

Tn = Neutron temperature ?K 

Tm = Moderator temperature OK 

C = A constant derived for each absorber 

= 2200 meter/second atsorption cross section 

5 ZS = Cell averaged slowing-down power 



Values of C derived for several absorbers are: 

Humber of Cases 
"C" - Absorber Used to Obtain "C" 

u-235 64 0 -67 

Pu439 48 0.44 

Pu-240 52 0.52 

It appears extremely desirable to place this temperature cor- 
rection in the MEI;EAGER Code. 

Where several absorbers are present, one must use an averaged 
or an approximate value for "C", or use the following expression: 

Additional "Ccs" are needed for every absorber present using 
this approach. 
related to the shape of the cross section profile. 
of this is the Westcott "g" factor. 
demonstrated. 
can be made. 

A logical assumption is that the value "C" is 
One measure 

A rough correlation was 
Additional work is needed before a generalization 

It has been anticipated that, if the neutron temperature correc- 
tion formula is introduced into MELE&ER, it will likely be 
necessary to reformulate the expression 
supplyLng the spectral index termy. 4" 's have been calculated 
for Pu-240, Pu-239, and U-235. TheseJ's will be compared 
with those arising from the current MEUUGER formulation. 
MEIrEAcER uses averaged Westcott cross sections as follows: 

MEUAGER presently 

= Averaged effective cross section including resonance 
term 

O& = 2200 meters/second absorption cross section 

g = Correction for non l/V absorption in the thermal 

r = Spectral index = B/1 + BY (B is a function of 

portion 

the delta fonnulation) 

s = Correction for non l/V absorption in the epi- 
thermal region 
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NOTE: B and S and, therefore, r and s, will be dependent upon 
the delta formlation. 
cation of the most appropriate delta f'unction and r evaluation 
in dew ofthe foregoing suggested temperature correction. 
The different delta functiom pedt discretionary selection 
of the epithermal weightirg somewhat iMependent of the thermal 
and fast portions of the flux formulation. 

Part of this study involves identifi- 

Reaction rate ratios are being derived from SPZERUM code to 
coqare with those that would arise from use of the modified 
Westcott model. 
SpECEKlM code does not presently account for reactions occur- 
ring above 4.2 electron volt energies with satisfactory accuracy. 
Westcott codes were written to produce Westcott type cross 
section: relations below 4.2 ev. These have been named Westcott 
4, 3, 2, and 1 as each code uses different fonnulations of the 
delta term as identifled by Westcott as Delta 4, 3, 2, and 1. 
The cross sections are not directly comparable but relative 
absolute reaction rates can be developed for comparison with 
those from SPECTRUM. 

Comparison is made difficult because the 

An error analysis will be carried out with Mj3LEAGER and QUICK 
codes to determine the impact on fie1 costs of any significant 
differences between the reaction rates described above. 

2. Fuel Geometry and MELEAGER 

The MEZEAGER computer code does not directly recognize fuel 
ge-try, but certain input parameters do reflect the effect. 
The second phase of the general calibration of XEIXAGER is to 
calibrate these input parameters. Ey this means, fuel costs 
that are available for a variety of parameterized reactor 
characterizations using MEUXZR can be conveniently related 
to specific fuel element geometries. 
is being used as a standard for this work because it is a geometry 
code that has been calibrated against a varlety of physical 
measurements. 
mation that handles the "itiiot" work associated with fuel geometry 
homogenization. 
the fact that SDPV and SCA, the IdELEAGm input parameters 
reflecting geoketry, primarily affect the resonaace escape 
probability, l'p", and the ratio of neutrons released in the 
fuel to the neutrons absorbed in the fuel ( q) %us, \p 
response surfaces are compared "Uetween MELLEAGER and the refer- 
ence. The SDPV is normally the cell averaged slowing-down 
power, and SCA is a Are1 scattering term reflecting the fuel 
element surface-to-mass ratio. Initially, the 'lp products 
differed considerably be+,ween ME;cEAGEF, and the reference. 
Two approaches were successfully csed to get be-bter correlation 
of the "~p" products, and further evaluation is under way. 

The Eanford code, IDIOT, 

IEIOT is a transport code using the P-3 approxi- 

The calibration method being used is based on 
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Zoned Spectrum Reactor 

Reactivity lifetime computations are continuing for the Zoned 
Spectrum Reactor concept which has different BmouIlts of moderator 
in various zones to provide for absorption of excess neutrons 
in fertile fuel rather than in control systems. 
such reactors are similar to the Edlund Spectral Shift Reactor 
under study by the Babcock & Wilcox Campany, wherein H20 is 
introduced in a0 to adjust the moderating power. Like the 
Wund machine, the Zoned Spectrum Reactor appears to improve 
the reactivity limited Are1 lifetime from 50 to 100 percent 
over conventional batch cycle techniques. 

*tially the same as that achieved by the continuous or graded 
cycles in which the "freshest" fuel is put in appropriate 
pr-ty of the highest irradiated fuel. 
fran the Edlund Spectral Shift concept, both the Zoned Spectrum 
Reactor and the continuous cycle type of operation involve 
physical shifting of the f'uel to attain the purported reactivrty 
lifetime. Hence, these methods also involve unusual startup 
and shutdown cbges incurred because of premature discharge 
of fuel to establish the equilibrium cycle, and the f'uel fabri- 
cation and jacketing charges simply do not "go the distmce." 
Upon permanent reactor shutdown, a similar circumstance exists. 
In the case of startup, lower enrichments can be used for the 
Are1 to be discharged early, which minimizes the prematm 
discharge penalty associated with enrichment. This is not the 
case upon permanent shutdown and higher than usual burnup charges 
are incurred as normally enriched material is prematurely dis- 
charged. 
by virtue of the fact that the reactor flux level is constant 
to maintain constant reactor power. However, the fissile con- 
centrations vary fromthe initial to final value, which leads 
to a eation in specific fuel power throughout the reactor. 
(In the case of cautercurrent charge-discharge, such as CANDU, 
there is no variation in total process tube power as is char- 
acteristic of other graded systems.) 
cycles involved identification of the maximum and minimum heat 
transfer. In some cases heat transfer variations of twelve-to- 
one have been observed in graded cycles. The computer codes 
haw been arranged and debugged to enable comparison of batch, 
graded, and zoned spectrum cycles. The Zoned Spectrum cycle 
is also analyzed without unusua3 startup charges which appre- 
mates the Edlund Spectral Shift reactor cycle. melimimry 
results, so far, indicate that combinations of plutonium, u-238 
and thorium display more flexibility with spectral shifting 
than do cambinations of U-233, U-235, u-238 and thorium. 

In this respect 

This gain is essen- 

As distinguished 

The graded Ateling system has a special consideration 

HLO calculations of graded 
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4. Salt Cycle Reprocessing Economics 

The salt cycle computer program work was concerned principally 
with the material balance routine for the salt cycle economics 
code. 
relating to the various ways of utilizing a salt cycle process 
in a plutonium recycle fuel cycle. 

The problem is to investigate the important parameters 

The basic concept assumes a zoned reactor with part of the fUel 
containing plutanium and the balance using U@-only, with the 
same total enrichment in bath types of fuel. 
of Pu@-UQ fuel to be recycled depends on the amount of plutonium 
recovered from a particular recycle step (the number of steps 
being the number of times the piutonfum is recycled) and the 
enrichment of the uranium recovered with the plutonium. In turn, 
the’enrichment of the uranium recovered with the plutonium is a 
function of the salt cycle operating procedure and, of course, 
burnup in the reactor. 

”he relative amount 

The salt cycle process concept under consideration consists of 
a fused salt bath into which spent U;32-only fuel or spent Pu+-U@ 
(both of which contain plutonium) can be charged either separately 
or together. 
electrolytic deposition: 
as a by-product operation, or (2) deposition of Puo;!-U@, defined 
as a product operation. 
program, the limiting process parameters are established as 
input variables. 
charge, and minimum by-product and product heels. 

Either of two products can then be removed by 
(1) deposition of UQ-only, deflned 

To obtain maximum flexibility in the 

These include such items as maximum uranium 

Four basic salt cycle operaticg procedures have been defined 
for evaluation, as follows: 

a. The amount of Pu@-Uo;? fuel prodaced is minimized by first 
charging the higher enrichment uranium from the spent U%- 
only fuel and remodng some of the uranium as by-product; 
then charging the lower enrichment uranium from the spent 
Pu@cUO;! fuel and removing additional uranium as necessary 
to adjust the final enrichmenT; and finally removing all 
(except for a residual heel) of the remaining plutonium 
and uranium as PuC)p5$ product. 

b. The same procedure as in (a) is followed, except that addi- 
tional by-product uranium is removed and fresh depleted 
uranium of lowest available enrichment (0.225) is added 
to further reduce the relative am0w.t of ?-u&-U$ product. 

c. The amount of pUQ-U$ fuel produced is maximfzed by first 
charging the lower enrichment uranium from the spent F’u(?z+J% 
Rrel and removing some of the uranim as by-product; then 
charging the higher enrichment -iauum from the spent UCp 
only fuel and removing addi5lonal uranium if necessary to 
adjust the flnal enrichment; and fbally removing all (ex- 
cept for a residual heel) of the remaining plutonium and 
uranium as Pu%-U.32 product 
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d. A similar procedure as in (c) is followed, except that 
none of the higher enrichment uranium is removed as by- 
product and fresh enriched uranium of Varying enrichments 
can be added to increase the relative amount of PuOpQ 
product up to the limiting condition where all of the fuel 
for the subsequent plutonium recycle step is mixed odde 
fuel. 

It is planned that the computer program will ernmine a sufficient 
number of cases for each procedure to ensure finding the economic 
optimum method of operating for any particular set of economic 
parameters. 
important when the incremental fuel fabrication cost for low 
D.F. mixed oxide is Ugh relative to fuel fabrication cost for 
high D.F. mixed oxide fuel. 
important in most other situations. 

A ccrmparable computer program for the evaluation of recycle via 
conventional solvent extraction processing has already been set 
up and demonstrated for a limited set of conditions. 

It is expected that procedures (a) and (b) will be 

Procedures (c) and (d) will be more 

B. SPECIl!TClRELCYCLES 

1. u-238 spatial Concentration 

Most of the -hasis is being placed on preparing formal reports 
of selected material f+rm the August U, 1961 Compendium of HLG 
Plutonium Value Computations. At AEC's request, effort is being 
made to include some results ofthe PSWR using reduced concen- 
trations of u-238 when plutonium enrichment is used. Analysis 
of reduced u-238 concentrations can involve very large amounts 
of computer work as an additional dimension is introduced. 
cost correlations are being attempted with combinations of 
reactor burnup terms, such as conversionratios and enrichment 
levels, for selected u-238 spatial concentrations. 
burnup terms can be computed at very low cost on the computer, 
their use may permit elimination of unpromising urani-um concen- 
trations for various plutonium canpositions without use of far 
more costly fuel burnup camputations. 
tion has not been fonmrlated successfuUy. 
-her complicated, of course, because it cannot be assumed 
that the uranium enrichment mode will necessarily appeas optimum 
at 100 percent uranium spatial concentration with the HLO cam- 
puter codes. 
necessarily taken in the HLO codes and because the initial 
lattice selection was likely made on other bases as is usually 
necessary in reactor design. 
to normalize the 0-235:u-238 case to 100 percent u-238 spatial 
concentration. For example, detailed examihation of one lattice 
with the HLO codes indicates that ~-235:~-238 is optimum at 115 
percent u-238 spatial concentration and that pU:u-238 is optimum 

\ 

Fuel 

Since reactor 

To date, a simple correla- 
The analysis is 

This is the case, because of simplifications 

As a consequence, it is necessary 
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at 90 percent. 
percent, the Pu:u-238 appears optimum at roughly 78 percent 
u-238 spatial concentration. 
correct, of course, then the TJ-235:'3;238 results at the un- 
normalized condition must be limited to 100 percent spatial 
concentration which would further improve plutonium values 
for that particular reactor, There is no reason to believe 
that the HLO codes are "on the nose," as all such computer 
codes involve gross extrapolation of a limited number of facts. 

When the U-235:u-238 is normalized to 100 

Tf the HL3 computer code is 

2. 

3. 

Uranium Price Schedules 

At AEC's request, 7'25 different uranium price schedules were com- 
puted and printed out in tabular form. Four sets of the computer 
output (each set required five bound volumes) were supplied. 
These output tapes were saved so additional cupies can be 
obtained easily. 

The output includes the cost componen+,s axid total uranium cost 
as a function of U-235 enrichment for all combinations of separa- 
tive duty and natural uranium costs in 5 percent increments for 
50 to 170 percent of the values making up the post-July 1, 1961, 
uranium price schedule, and a few special casese 
quence, the output lists between 350 and 400 thousand numbers. 
Not being able to check each number, the results have been 
cross plotted by hand to provide assurance that the input 
parameters were accurately read into the computer and that 
the values for 1, 2, 3, and 10 percent of Uy enriched 
uranium are valid. Later, it will be possible to prepare 
cross plots at high speed on the computer as a plotter code 
is essentially completed {program AL?FL;-alphabetic plotter) 
While the plotter results are limited in definition by the 
machine printer at HLO, additional resolutiol; can be provided 
in the printout by automatic indication on the plot of the 
direction and amount of roundoff for each point For further 
resolution, the plotter data can be fed to a continuous plotter 
of the type available at some dfgital computer installations, 
or those attached to many analog machincs. 

As a conse- 

. 

Code Development 

Checks on the MEI;EAcER - data expansion code, PRCTXUS, have shown 
that there is a considerable difference in the accuracy of the 
polynomial curve fits of the basic WEP data, depending on 
the number of points supplied. 
by having PROTEUS calculate the same case with different numbers 
of time steps. Cases which had from 6 to 223 time steps were 
investigated. The results showed that about 25 points gave the 
most accurate fits for all of the isotopes. ,!!her, and hope- 
fully final, modifications to the PROZ?S code were begun. 
These will provide: 

The optimum number was determined 
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Operation with atape containing the polynamial coefficients 
as output or input. 
tional end points and permit batch or graded fuel cycle 
calculations to be done without redoing the entire job. 
This will also condense the information on the MFTTRAGER 
B8 output data tape considerably. 

Calculation of maJdmum-to-aver8ge and minimum-to-average 
heat transfer ratios in graded operation. 

Merge routines for both QUZCK fuel costs input tapes and 
polynomial coefficient tapes. 

A calculation error check that will print out a warning 
message if the polpadal fit of the most important isotope 
is more than three percent in emr, or if the average error 
in the reactor exposure time iateds as a function of k, 
is greater than 10 days. 

This will permit calculation of addi- 

1. Mercury Isotopes 

Completion of the first rough &art of the Hg-204 report has afforded 
a look at the over-all text which indicates that several documents 
should be prepared rather than a single. voluminous offering. 
particular, the bibliography, which includes paragraphical abstracts, 
stand8:alone very nicely, as does the treatment of fast reactors, 
phase separation techniques, and reactor concepts. 

A preliminary estimate of the cost of producing purified mercury-204' 
isotope by the monoisotopic photosensitization process was ccanpleted. 
& use of the very limited technical data on this process and apgro- 
priate assumptions a figure of about $50 per pound for a plant pro- 
ducing about 2500 kilograms of Hg-204 per year was obtained. 
seventy percent of this cost related to fixed expenses including 
operating labor. 
(mostly electricity) camprised the remaining thirty percent. 
though it appears that high concentrations of Hg-204 may be obtained 
effectively by the indicated process, the problem of separating the 
interferring and very high cross section Hg-199 isotope to necessarily 
extremely low levels is unresolved. 
methods can be developed and that such methods should not greatly 
change the cost as estimated in this case. Although actual process 
development may disclose means of reducing the estimated production 
cost, the most significant reductions can only be achieved by 
development of equipment and process techniques which greatly 
increase capacity. 
here the conception of specialized reactors may be anticipated to 
utilize economically this unique material particularly when combined 

In 

Over 

Cost of mercury, chemicals, losses and utilities 
Al- 

It is expected that alternate 

However, at the production cost as developed 
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2. 

with bismuth and lead to yield a low melting but vaporizable coolant 
which may be handled in conventional materials of construction. If 
these costs can be realized for Hg-204 separation even lower costs 
should be probable for Hg-202 for which the Hg-199 problem does not 
exist and which may also find economic applications since its cross 
section is m greater than many common materials of construction 
used today in reactors and fuel cladding, namely all of the major 
components of stainless steel. 

Application of Alternate Solvent Extraction Technology 

Study of alternate solvent extraction process rt4utings which utilize 
volatile solvents essentially without non-volatile salting agents 
was initiated. 
Plant feasible routings can be pruposed which will result in the 
elimination of the need for almost all of the present salting agent. 
The actual economic and practical feasibility of such a process has 
yet to be developed. 
in future facilities along with other advantageous techniques 
indicated by present technology or by technoiogies in need of only 
modzrate extension continue to be investigated. 

It appears quite certain that in the present Redox 

Concurrently application of such processes 

3. Hazws Analy sis 

The Interagency Committee on the Transportation of Radioactive 
Materials has prepared a discussion draft of ''Technical Standards 
to be Used as a Basis for Preparation of Regulations for the Safe 
Transport of Radioactive Materials." 
(one of the agencies represented on the Connuittee), the draft 
report was reviewed and comments were prodded. 
follows quite closely regulations adopted by the Interstional 

At t.he request of the AEC 

The draft report 

Atomic Energy Agency. 

for Manager,. 
Programming 

WK Woods : EAE : dde 



RADIATION PROTECTION OPERATION 
REPORT FOR THE MONTB OF Nm 1961 

A. ORGANIZATION PERSO- 

Transfers within the Radiation Protection Operation included the assignment 
of ule A. Carter to the Staff of I&O and J. Walt Vanderbeek to Environmental 
Studies and Waluation, both effective November 1, 196l. Edna D. Britch was 

placed on ROF status effective Movember 30, 1961,- The work force now totals 
13. 

B. ACTIVITIES 

Occupational Expo sure Experience 

There were five cases of plutonium deposition confirmed by bioassay anal- 
yses during the month. 
have occurred at Elanford is 27'7 of which 201 are currently employed. 
deposition in each of the five cases confirmed this month was estimated as 
less than 1 percent of the maximum permissille body burden. 

Continued investigation of the 1.3 r dose reported last month for an IPD 
Wntenance employee revealed that his film dosimeter was exposed while not 
being worn to high dose rates during the removal. of a test hole facility and 
associated stringers fran the lO5-m reactor. 
-inadvertently in a desk drawer by the employee's supervisor after being 
exchanged. 
accounted for a large fraction of the radiation dose received by the dosimeter. 

Regular processing and evaluation of th? film badge dosimeters for an HLO 
Physical Testing technician and a JA Jones construction worker indicated a 
dose of 1.1 r for each employee. 
by the construction employee was received uniformly Over the four-week period 
while working in a 100-K effluent basin. Investigation failed to provide a 
satisfactory explanation for the exposure of the HLO technician. Including 
these two cases, nine individuals in 1961 have received gamma doses exceeding 
the operational control which limits the whole body penetrating dose to one 
rem in a four-week period. 

The total number of plutonium deposition cases that 
The 

- 

The film dosimeter was left 

During the stringer removal, high dose rates at this location 

Investigation revealed that the dose received 

Regular processing and evaluation of the finger ring film dosimeter for a 
CPD maintenance employee at the 234-5 Building indicated a bard dose of about 
9.5 r for a four-week period. No explanation was determined for the exposure 
through the investigation. Evaluation of the film badge dosimeter for the 
corresponding period showed a penetrating dose of 0.3 r, indicating no abnormal 
whole body exposure. Eased on the finger ring film dosimeter system, the accu- 
mulated hand dose for the calendar year through 10/6/61 was about 17.6 r. 
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Autoradiographic examination of a contaminated coverall worn by a Purex 
process operator indicated a dose rate of about 70 rads/hour to a small area 
of the ankle. 
one squsre inch of skin area, based on the maximZrm estimated time of exposure. 

The examination prwided 811 est-ed dose of 50 rads to about 

A CPD process operator received a slight cut on his hand as he was removing 
nation of the injw a broken bell jar from a hood in the 29-5 guilding. 

in the Whole Body Counter indicated only about 2 x lO-ePu present at the 
wound site. No medical action was required. 

Plutonium floor contamination to 80,000 d/m was detected while four CPD 
maintenance men and an HW technician were dismantUng equipment in the 23.1 
BuildAng. Personnel surveys, including nasal sears, showed no skin contami- 
nation, but analyses of spot urine samples fram two of the maintenance employees 
i-cated that minor deposition may bave occurred. 
assay were requested from the five employees. 

Additional samples for bio- 

A personal survey of a CPD process operator revealed facial contamination to 

pc zr-~@ and 3 x loo2 pc 
3000 c/m with nasal smears of about 1000 c/m after working in the Purex hot shop. 
Examinat on in the Whole Body Counter showed 3 x 
RI&O~-~O&. These measured quantities represent only a fraction of one percent 
of the permissible body burdens. 

RadAological problems associated with the control of particulate contamina- 
tion were introduced at PRTR coincident with the removal of a primary pmp. 

throughout the containment vessel. Air contamination problems decreased during 
recent operating periods allowing considerable access to B cell by construction 
forces without the need of respiratory protection. The maximum airborne concen- 
tration of noble gas daughters in the process cell was 2 x 10.5 pc/cc. Shutdown 
maintenance was perfomed in dose rates up to 35 r/hour for process tube inspec- 
tion and 25 rads/hour for nozzel cap regasketlng. Metsllic fines detected after 
a charge-dischsrge operation showed a dose rate of 100 r/hour at one inch. Bio- 
assay samples of PRTR personnel revealed a maximum of 11.2 
correspond8 to s whole body exposure of 75 mrem in the foUowing 28 dap. 
hltiun concentrations in the modemtor, reflector and primary systems were 288, 
245, and 47 pc T/ml, respectively. 

Particles showing dose rates to 1.5 raa~/a~ur were found in several locattons \ 

T/liter, which 

The daily feeding of 3.1millicurie~ of strontirrm-90 to three swine was 
closely followed at the Eqerlmental Animal Farm. 
varied irom 0.5 -/hour to 1 -/hour. 
ad care f the uim1.8 were negative. A positive air sample of 5.0 x 10-9 

during clean-up and bleedbg operations. 

Dose rates on fecal material 
Air sslllples taken during nom feeding 

pc/cc S# 8 was obtained during clesning of the pens. Assault masks were requlred 

Environmental Experience 

The highest concentration of fllterable beta 
since the resumption of weapons testing occurred 
110 w/m3. Subsequent measurements were in tb 
meter which is comparable with values thmughout 
times the pretest level. t. - 

L -- . 
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.. 
emitters measured locally in air 
on November 13-14, and was 
range of 5 to 
the Northwest 

10 ppc per cubic 
and about 100 
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A total of 64 fish were sampled fmm the Columbia River at Priest Rapids, 
Hanford, Ringold, and Burbank. 
were sulmitted to the laboratory for radiochemical analysis. 
samples from thirty-one ducks taken at selected locations on the Hanford Reser- 
vation were submitted to the laboratory for radiochemical analysis. Thirteen 
hundred and thirty-four duck ad goose heads were received from various loca- 
tions in southeastern Washington, the Yakima Valley, Oregon and California. 
The total number received and submitted for radiochemical analysis to date is 
2056. 

Seventy-four tissue samples from these fish 
Sixty-two tissue 

This program is being carried out jointly with the Radioecology Operation. 

No routine background aerial survey flights were made during the month. 

Information concerning the future use of Columbia River water by the City 
of Richland was provided to AFC-HOO. Recent analytical results were reviewed 
and the prediction made that the ccncentration of "total beta" at the Richland 
intake would be about 160 percent of that at Pssco. 

The limited capacity of the 307 retention basins, which intercept low level 
waste fram several of the EM> buildings prior to release to leaching trenches, 
necessitated expedient 2rucking of some 40,000 gallons of off-standard waste 
tu the 200 West crib. Administrative practices for the operation of the 307 
retention basins were reviewed. An outgrowth of this was the imp'rovement of 
sampling and release practices, which should reduce the chances of off-standard 
effluent overflowing to the leaching trenches. Further study of the 90 Area 
liquid waste system points up the substantial added burden on the $0 "crib 
waste" system which will result from the operation of the PRTR's Rupture Test 
Facility. 

Studies and Improvements 

Preparation of material for the Manual of Emergency Procedures continued. 

Seven additional emergency monitoring kits were 
A rough draf't of a new emergency plan to cover events involving gross personnel 
cmtamlnation was completed. 

Monitoring personnel. 
.cmpleted and distributed to field locations with instructions to Radiation 

Practice sessions for high level dose evaluation were conducted during the 
month. 
trons end 1.25 Mev gasnna rays. Both the neutron dose and the gamma ray dose 
were predetermined with a double moderator neutron dosimeter and a Victoreen 
"r" meter, respectively. 
percent of the predetermined value and the dose evaluation of the glass rods 
was to within 10 percent of the predetermined value. 
were encountered; however, several minor changes and additions necessary for 
a complete procedures manual were revealed. 

A threshold criticality dosimeter was Irradiated with both 2 MeV neu- 

The dose evaluation of the foils was to within 15 

No major difficulties 

Partial shipment of the new Hanford Moderator Foil Neutron Criticality 
Dosimeters was received. 
tions throughout the Plant. 

These are being readied for placement in fixed loca- 

UNCLASSIFIED 
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A new temporsry bad&e coding machine was put into routine service. This 
Not only does machine X-rays the pru~oll rimer in binsry code on the film. 

the machine allow the temporary badges to be read on the automatic densitameter 
but also this coder Is -much faster than the old perfograph. 

The design for the new Hanf'ord personnel film dosimeter wa8 completed and 

The plaa to place these dosimeters 
met with the approval of plaat management. 
WBB prepared and forwarded to purchasing. 
Into routine use Is on schedule. 

A requisition for the neu dosimeter 

A study of the performsnce and callbration of rubber f-er ring dosimeters 
with aluninun sad with plastic disc fllm retalners was completed. 
disc fllm retainers were procured and readied for use in the flnger dosimeter 
progmm. Callbration studies with plutonium metal at the 234-5 Building were 
. completed. 

New plastic 

Work started bet month to pxmc!.de necessary rwdellng of the mechanical 
parts of the autormaflc' densitmneter WBB coqleted. . The 100 F Area personnel 
dosimeters were converted to new payroll Identification tapes.. The film dosi- 
meterl framthirr ma were processed for experimental purposes on the automatic 
deneltcpncrter, 
densitometer. 
elen3natlon of the 24 fllms. indicated that only three of these were the direct 
rerult of nslfunctlon of the aut-tic densitometer. A set of automatlc densi- 
tometer checkout fi- w~r designed ad exposed. The prOCe8Sing of this set 
of films will promptly detect any abnormal operation of the densitometer. 

perroanel neutron dosimeter were undertaken. Wide disagreement Is apparent 
between Word rtudier and other authorities. 
ww rchrduled to rtudy the NTA fllm response in the energy range from about 0.5 
MeV to 10 Mav, 

Nearly 500 fllma from this run were processed by the autclrmntlc 
Of there, 24 were Incorrectly processed by the machine. An 

PreUminary et* of the energy dependency properties of the current Word 

Positive ion accelerator time 

Neutron dose rater from rpontaneoue fission of Pu240 contained in production 
plutoniun were calcuhted for certain work areas In and around the storage hoods 
02 the 234-5 Building. 
with the double moderator instrrmrcnt were in complete agreement. 
en8 experimentalmtastrrements are In progress to develop reconmendations to 
provide Improved neutron ehlclding for the stoqe hoods. 

The calculated neutmn dose rates sad those measured 
Calculations 

Comment drafts on consequences of accidental releases of radioactive 
mrrterlals from CPD facllltles and NPR were coxpleted. 
the CPD analysis is that the "worst conceivable accident" would be one Involving 
the shipplng cask loaded with Cs137 or Sr90. In the NPR case, one of the worst 
potential modes of exposure could be through the overflow of water from the fog 
spray system eventually discharged to the river. 

Of special Interest in 

The new W3 double moderator instrument and moderator performance for mono- 
energetic neutrons dth energies of 1.1, 0.82, 0.64, and 0.36 Mev were studied. 
The response over tMs energy region was in good agreement with the published 

r:. 
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data by Radiological PhysicB for the larger double moderator system. 
has provided the information necessary to select the geometry and size of the 
double moderator of the Bp3 neutron monitoring instrument. 

Work in progress with equations describing dose from reactor accidents 
indicates that the whole body dose which would result frm inhalation during 
cloud passage is about equally divided between halogens, volatile soUds, and 
non-volatile solids 

This study 

Facilities for heating the main intake sampling line and portions of the 
continuous monitoring system at Redox were installed during the month. 
reduction of condensate in the sampling system was noted following installa- 
tion of the new heating equipnt. 

A 

A work order was issued during the month to Technical Shops for fabrtcation 
of new stack ssmpllng equipment for the Hot Semiworks. 
new equipent will result in higher sempllng efficiency, improved sensitivity, 
ad easier msintenance . 

It is expected that this 

Temperatures of river water recorded at the Automatic Coluuibia aver Monitor- 
ing Station were found to differ substantially from the actual temperature of the 
water in the river. The temperature recorder was relocated to sense the tempera- 
ture at the PR!!!R intake which should be more representative. 

The PRTR moving tape Continuous stack monitor was set up to sarnple outside 
sir. The radioactivity concentration peaks observed during periods of high 
fallout activity corresponded favorably with the activity peaks reported by 
Emironmental Studies and Evaluation. The instrument operated continuously 
without electrical or mechanical failures during the month. 
instryyt was initiated. A single channel analyzer and maI crystal for monitor- 
ing I 3 
throughout the month. 

to complete the calibration of this component. 

Calibration of the 

in the PRTR stack was assembled and operated on an experimental basis 
aced re uiring recall- A few faulty components were re 

brstion of the instrument. Calibration sources of Bal ? 3 and I & were ordered 

Radiographic pictures taken wlth the pinhole camera at 271-CR Building were 
found to be underexposed. 
film can be reduced by a factor as high as 4000 when large area radioactive 
sources are cansidered. 
on the film based on the exposure geometry and the CP reading at the camera 
position was formulated. 
at the PRTR is in progress to verify the dose rate calculation procedure. 

Further study indicated that th? dose rate.to the 

A method for calculating the exposure to any one spot 

An experimental exposure of an instrument access port 

c. VISITORS m VISITS 

The following visitors met with various members of the Radiation Protection 
Staf'f during the month: 

M. A. 
s. L. 

Collison) 
Rice ) 

General Services Administration, Washington 

w. -- 
I250585 
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Members of the Radiation Protection Operation visiting off-site during the 
month included: 

R. D. Tillson - University of Washington, Seattle, technical recruiting. 

A. R. Keene - Sea Base, Albuquerque, New Mexico, to attend Nuclear 
Weapons Medical Symposium. 

Seven suggestions were submitted by the personnel of the Radiation Rotec- 
tion Operation durfng the month; thus, the tot8l submitted in 1961 is fifts- 
one. 
submitted by RPO personnel are pending evaluation. 

Two suggestions were adopted and one was rejected. Sixteen suggestions 

There were five medical treatment injuries during the month. No security 
violations occurred d-ng the month of Rwember. 

Radiation protection orientation included lectures to: Graphics Operation, 
Fuels Developent Operation, Purchasing and Stores Operation, Chemical Analysis 
Operation, Maintenance aad Equipment Engineering Operation, and variotuj new 
employees. 

Marked imprwemxzt In safety and housekeeping standards throughout the 
hdiation Protection Operation has been noted. 
throughout the various Subsections dzalng the month; two movies were shown, 
"A6 Others See Us" and "It Could Happen to You". 

Saf'ety meetings were held 

E. SIGmCAIIT REFORTS 

aW-n678 - "Sumnary of RBdiological Data for the Month of October, 1961" by 
R. F. Foster. 

m-nB93 - "Monthly Ftepo2t - November, 19&, Radiation Monitoring Operation" 
by A. J. Stevens. 

"A Method of Linearizing Therplistor Thermometer Data in Calorimetry" 
by H. V. Wson, I. T. Myers and W. H. LeBlac wa8 published in *e 
Journal of Scientific Instruments, s, p. 400 (1961). 
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PERSONNEL DosIMEp(Y AND RADIOrnICAL RECORDS 

External Expo awes Above Permissible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

-ford Pocket Do 8 imeters 

Dosimeters Processed 
Paired Results - 100-280 mr 

\ Paired Result8 - Over 280 mr 
' Lost Results 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - loo-300 mrads 

Results - Over 500 mrads 
Lost Results 
Average Dose Per Film Packet - mad (ow) 

Result8 - ~o-~ mad8 

- mr (8) 

Hanford Neutron Film Badge Dosimeters 

Slow Neutron 

Film Etrocessed 
Results - 50 - 100 mrem 
Results - lOO-3OO mrem 
Result8 - Over 300 mrem 
Lost Results 

Fast Neutron 

Film Processed 
Results - 50-100 mrem 
Results - lOO-3OO mrem 
Results - Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - Alpha 
- Beta-gmma 

Skin Contamination 

Plutonium 
Fission Products 
Uranium 
Tritium 

Nov . 1961 to Date - 
0 0 

0 i 
0 0 

43,280 
422 

1 21 
0 0 

3,560 
16 

20,994 123,457 

80 387 
9 974 8.70 
28.76 23 e72 

3,677 
0 
0 
0 

20 

1,086 
89 
129 
0 

20 

33,900 
40,776 

29 
21 
1 
0 

18,W 
1 
0 
0 

96 

4,874 
460 
253 
0 

96 

364,374 
520,956 

334 
487 
47 
x) 

1250581 UNCLASSIFIED 
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Whole Body Counter 

GE mloyees 
Routlne 
Special 
Tenninsl 
lon-rout ine 

lon-employees 
We-employment 

NOV Male - Female - 

38 
2 

10 
18 
3 
0 

n 
- 0 

15 
- 

43 
2 
14 
23 
4 

1961 to Date 

607 
61 
111 

93 
. 74 

9 4 
Bioassay 

13* 5 Confirmed Plutonium Deposition Cases Plutonium - Samples Assayed 30 5 5 9 349 

Fission Products - Samples Assayed 285 5,865 - Results Above 3.1 x 10'5pA?P/Sample 4 10 

- Results Above 2.2 x loo8 pFu/Sample 3 128 

Uranium - Semples Assayed 259 2,624 

Biological - Semples Assayed 196 0 

Uranium Analyses 
Following Period 

Of No* Ture Following Eqsure 
Units of 10-9 uc U/CC Units of 10- pc U/CC 

Number Number 

Sample Description Maximum Average Smples Msximum Average Samples 

Fuels Reparation 
Fuels Reparat ion* 
Hanford Laboratories 
Hanford Laboratorieew 
Chemlcal Roceeslng - . 
Chemical Pro ce e e lnp 
Special Incidents .. 
Random 

Tritium Smlee 

8.6 
0 

7 09 
0 
1 *a 
0 
1.7 
0 

2.5 86 
0 0 
2*5 42 
0 0 
1.8 1 
0 0 
1.7 2 
0 0 

5.8 2.1 
0 0 
7.2 2.4 
0 0 

3.7 2.3 
0 0 
0 0 
0 0 

83 
0 
41 

0 
4 
0 
0 
0 

Count Nov, Total - 

D$ SnsrpltS 
Moderator 

primary 
Ref lector 

110 

Water Semplee 2.25 pc/ml 

* 
- 

The total number of plutonium deposition cases whlch have occurred at Hanford 
is now 27'7, of which 201 are currently enrployed. 

U+ Samples taken prior to and after a specific job during work week. -- UNCLASSIFlED 

._ 
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Calibrations 

Number of Units Calibrated 
Nov. 1961 to Date 

Portable lnstnunents 

CP Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 

Badge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

1,020 10,193 
239 2,709 
514 5,786 

1,334 15,143 
0 7,174 

. -684 
&&E 

437 9,224 
4,059 56,898 

RADIATION PROTECTION 

AR Keene:ljw 

UNCLASSIFIED 
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GmERfu 

There were no security violations charged to the Operation. 

- 

There were no major injuries; the minor injury frequency rate was 2.93 
for the mnth and 2.92 for the year-to-date. 

TECHNICAL SHOPS OPERATION 

Total productive the for the period was 17,104 hours. 
12,952 hours performed in the Technical Shops, 3,879 hours assigned to 
Minor Construction, 16 hours assieped to other project shops and 257 
hours assiwed to off-site vendors. TotaL shop backlog is 19,141 hours, 
of which 60 per cent is required in the current mnth with the remainder 
dIs$ributed over a three-mnth period. Overtime hours worked during the 
month was 6.1 per cent (1,286 hours) of the total available hours. 

This includes 

Distribution of time was as follows: 

Man-hours $ of Total 

Fuels Prepamtion Department 2,154 12.6G$ 
Irradiation Processing Department 1,432 8 37$ 

Hanf ord Laboratories Ope ration 12J 540 73*31$ 
Construction Engineering & Utilities 21 .12$ 

Chemical Processing Department 957 5.604 

Requests for emergency servlce increased requiring a 6.1 per cent overtime 
ratio compared to a 4.8 per cent ratio for the previous period. 
majority of the increase was required in the preparation of N.P.R. pipe 
samples for metallographic examination. 

'Ehe 

At the close of the reporting period, there were five open reqyisitions 
for Machinists. Qualified candidates have been interviewed and are in 
process. 

There were seven medical treatment injuries which is within the forecasted 
parameters established for this Operation. 

CONSTRUCPION OPERATION 

There were 84 existing J. A. Jones Company orders at the beginning of 
the month with a total unexpended balance of $158,640. 
and fifty one new orders, 6 supplements and adjustments for underruns 
amounted to $87,732. 
$92,524. 

One hundred 

Expenditures during the mnth on HLO work were 
Total J. A. Jones backlog at month's end was $153,848. 

UNCLASSIFIED 
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summary 

Unexpended - No. Bdsnce 

Orders outstanding beginning of month 83 $ 157,186 

3.A. Jones Expenditures during month 
Issued during the mnth (Inc.Sup. & Adj.) 157 87,732 

( Inc. C.O. costa) 92,524 
Balance at mnth'6 end 75 151,377 

m&D 
Unexpended 

No. Balance - 
1 $ 1,454 

1,017 

1 2,471 
Orders closed during month 159 Face Value - $ 87,693 

Current Maintenance Work Orders - 5 Face Value - $12,025 

FACZLITIXS Z3VG-G OPERATION 

Project Activlty 

At month's end Facilities Engineering Operation was responsible for 13 
projects having total authorized funds in the amount of $2,793,600. 
total estimsted cost of these projects is $7,607,000. Expenditures on 
these pmjects through October 3, 1961 were $652,000. 

The following summarizes the status of FEo project actiqrity: 

The 

Ember of authorized projects at mnth's end 

Number of new projects suthoriz,ed in November 

Projects completed in November 
CAH-914, Rsttlesnske Springs R6dioecology Fecility 
CAFI-896, Stress Rupture Test Faciliky 

New project propossls submitted 30 AEC in November 0. 

13 

0 

2 

New projects awaiting AEC, approval: 2 
CAH-917 - Field Serv%ce Cen%er 
CAH-932 - 300 Area Retention Waste Expansion System 

Project praposals complete or nearing cornpietion are as follows: 
Modifications to the H-1 Loop - 105-3 Building 
CAH-949 - Critical Mass Lab. - Stage I1 
AC COlm F8caty 
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Engineering Services 

Title Status - - 
* Pressure Vessel and Piping Systems - Gas Loop - Completed 

Engineering 80 Isspection Servlce Code revlew and record manual. 

.i Rupture Loop - S+&ed code review. 
Progress depends on completion of 
various branches by Contractor. 

Breakaway Corrosion Loop - Complete 
code revlew and witness hydrostatic 
test. Manual completed aad issued. 

Propane piping - 329 butlding. 
fications for valves, flanges and 
yiping completed. Awaiting draftsman 
to sketch up piping arrangement. 

Speci- 

Irradiation Studies Loop - Reviewed 
and calLvlated new test section and 
end closure arrangement. 

"Split-Ealf" Machine for Critical 
Mass Studies will be comple+& the end of January. 

Design is complete and fabrication 

Hzx) Electrical & Signal Systems Buildings are routinely metered and 
records maintained. A lighting level 
survey is complete in all baildings. 
Signal systems are being s-dardized 
and all sys+,ems including criticality 
aununciator will be centrally mni+ared. 

Monorail Trolley - 326 Building New insulated eiectrizal conductors 
will be completed next month: 

Power Transfer Switch - 306 Bldg. A new switch is being installed for 
transferring electr5ca.l loads during 
emergency power periods. Work is in 
progress. 

Rezoning of "B" System - 325 Bldg. 

mom Air Conditioner - Room 21-A 
326 Buiidhg been fabricated. 

Work completed. 

Equipment is on order. Duct work has 

Room Air Conditioner - Room 1OA & 
12A, 326 Building 

Bids for eGipment were received. 
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Drafting and Design Services 

&The work load in the 3706 Building drafting mom and in 327, 306, 308, 
and 1707-D Buildings is steady with no overtime rewired. 

The equivalent of 135 design drawings were completed this month as conpared 
to 163 last month. 

Major design and drafting work in progress &Xing the month includee the 
following: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Ultrasonic Development Tank - 13 drawings required - work coqpleted. 

Fission Product Packaging Egpipment - 43 drawings issued for comment. 

Shim Rod Drive Mechanism - Pm - 10 drawings required - 56 compiete. 

Tensile Test Holder and Capsule - drawings required - work complete. 

Hood for Furnace - 5 drawings required - So$ complete. 

Single Channel Analyzer Wiring Dim - 14 drawings completed. 

TI?-23 Test Loop - 10 drawings revired - 25$ complete. 

Transistorized Scintillation MoniiYor - 6 ciranings - 20$ complete. 

In addition to the above, approximately 90 minor design jobs of one to two 
sheet magnitude are being completed during the month. 

Plant Maintenance Operation 

Ocotober costs were $177,951. FY costs to kte are lO3$ of forecast. 

Analysis of costs 

It now qpears that there will be essentially no improvement work the last 
quarter of the year. 
by almost $27,000. 

This mnth the total expendizures exceed the fcrezast 

Analysis of lnrprovement MELnteasnce 

Item 

Rehcation and Alterations 
Repainting 
Heat & Vent Modifications 
Crane 
Piping Modifications 
Electrical Modifications 

- October 

$ 24,629 

UNCLASSIFIED 
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Significaut Activities 

1. Painting 

a. 
b. 
c. 

The interior of 3730 Building was completed. 
Laboratory #317 in 325 Building was painted. 
The lunchroom of 231-2 wss painted. 

2. Simificant Space Modifications 

a. 

b. 
c. 

d. 

e. 

The reinstallation of laboratory appaZ9tus moved from 234-5 
to 231-2 we8 completed. 
The relocation of E-1 was started. 
The test pit in the basement of 325 Building was essentially 
completed. 
The installation of the women's mom and the modification of 
the men's locker mom in 327 Building was essentiaLy completed. 
Conversion of the ventilation of the arc. melt firnsce room in 
306 Building to forced exhaust was begun. 

Wsste Disposal and Decontamination .Service 

Quantities of Waste Removed 

Concrete Barrels 
Loadlugge rs -Ho t Waste 
Milk Pails 
Gattling Gun 
Crib Waste 

October . September 

12 
4 

32 
0 

245,000 gal. 

24 
3 

25 
1 

1go,000 

The efforts to reduce the -mlume were not as successful as in September. 
The quantity increased 55,000 gaEcjns. Cortinued effort, will be made to 
control the flow volume. 
volume control procedure. 

Report - "An Analysis of 300 Area Waste Disposal Systems" - by P.F.X. 
Dunnigan and C. F. Gabel was issued U-15-61, Document No. HW-71599. 

On Noveniber 8, 1961, a reten+,ion bash analysis revealed that the total 
beta concentration was significantly above allonable disposal limits. 
About 60,000 gallons of the basin waste was pumped to +,he cr:b system to 
provlde holding capacity for incoming waste. Subsequent analyses of 
later samples indicated no appreciable quantities of strontium or other 
low maximum permissible concentration iso+&?es. The basin was d-alned. 

The study of revisions to the deccntamination ad high level waste 
disposal fazilities continues. 

This may result in 311 economical meticd of 



The new 300-Morth area dispossl garden has been stdred out and a work 
revlev has indicated that construction forces should excavate the 
trench, build the access med and erect a fence. 
estimate is being obtained. 

A construction 

The old 300-North burial ground temporary trench has been put into 
eervice. 
ebandoned except for milk pail burial and for disposal of beryllium 
waste. 

As soon as the new garden is built, the old one will be 

A layout of the old 300-North burial ground has been made for permanent 
demarcation in accordance with Rps snd Hsnford Standards. 
that this work be combined with burial gmund dem8rcing which will be 
lung sum contracted by FPD. 

It is plsnned 

Plant Engineering and Miscellaneous 

Approldrmstely 18,900 square feet of prints were reproduced during the 
month. 

The total estimated value of the eleven requisitions issued during the 
month was $37,000. 
projects. 

Plans are in progress to improve the compressed air serkice in 209-E 
Building. Procurement end installation of e new separate compressor 
will be required. 

This pmcurcment is primarily for gpproved HL 

A design is in progress to provlde e constsnt proportional sampler 
system for the 307 influent line. Estates for installation are 
being prepared. 
to 307 Unes is being prepared. 

Also preliminery desim of automatic valve application 

A work order has been issued to place LL water proof protective floor 
coating to the floor surface of the air-conditioning unit in 328 
Building. 

Disassembly of the hydrogen sintering furnace in the 325 Building for 
removal to excess storage is in progress. 

The design of the cent- criticality alarm system has beeo redone to 
use %he existing telephone pairs from seven of the buildings involved 
and to provide telephone signal pair dmps to the other four bufldings. 
A new cable will be required between the telephone exchange and Patrol 
Heatquarters. A plant forces work review will be submitted the week 
of 12-4-61 for a work determination as a result of the re-desi@, since 
I previous review covered new line work from all beldings involved. 
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A work order has been issued to CE&W Desip for study of the possibili- 
ties of using the intercommunication system in the 309 Building for 
criticality civil, defense, and fire alarm, since that building now does 
not meet the plant standards. 

Stwdrudization of fire and civil defense rlann systemEl has now been 
completed in 305-B, 306, 314, 3U, 321-A, 325, 326, 327 & 328 and work 
is in pmgress in 329. 

JL B0yd:jw 



SEMI - MONTHLY PROJECT STATUS RE?ORT 

GENERAL ELECTRIC co. - Beard laboratories 

ESTIMATED TO 

FIXED PRICE 

. HW- 732 

DLITE 11-30-61 

ARCHITECT- ENGINEER 

DESION ENGlNLLRlNG OPLRATION 

GE FlELD ENGINELRING 

REDO - WS Kelly 
MANPOWER 

PF I 

CPFF 17 103 i 9' 
FP 7 loo I3.X 
~ovt. ER. 76 100 j 92 

FIXED PRICE 

COST PLUS CIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESI ON EN GIN EERlN G OPERA TlON 

OE FIELD ENGINEERING 

AVERAGE 

E- TIT. I I 

I 

1 l I 
SCOPE. PURPOSE. STATUS PuoaRcss 

The revised project proposal requesting additional funds and an extension of the 
scheduled completion date has not yet been acted upon by the AEC. 
will be submitted when it is approved. 

A new schedule 

*Xncludes equipment to be installed by CPFF. 
completion of the safety and control rods. 

Plating difficulties have delayed 



1 

71921 . 

DATE u-30-61 

HW- 
- SEMI -MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC CO. - Henford Laboratories , 

PR OJ .N 0. TITLE 

CW-857 Physical & Mechanical Properties Testing Cell - 327 Bldg. 
FUN DIN 0 

0290 

ITARTING DESIGN U-2-59 11 DATE AUTHORIZED 9-22-61 

FEO - KA Clark 
MANPOWER 

FIXED PRICL 

coar PLUS PIXED FLL 

PLANT CORCES 

ARCHITECT- LNGINEER 

DESIUN ENGINEERING OPERATION 

OE FlLLO ENGINLLRING 

,"d;~";. DESIGN 3-15-61 IT- PERCENT COMPLETE 

CONST. 5-15-62 11 DIR.COMP. DATE 12-15-62 DATES CONST. 12-15-64 WT'D. SCHED. ACTUAL 

SCOPE. PURCOSL. STATUS L PCIOQRKSS 

This project will provide facilities for determining physical and mechanical properties 
of irradiated materials, and involves the installation of a cell in the 327 Building. 

AVERAGE ACCLM MANDAYS 

The bid reviews for viewing plugs, winduws and other plugs have been made. 
bids were under the eatbated cost. 
$27, OOO estimate. 

Both low 
Solid and service plugs were bid at $17,000 vs 

TITLE I 

GE-TIT*I I 100 
AE- TIT. I I 

100 130 

Redesign work associated with remaining purchase requisitions is progressing, utilizbg 
information recently obtained on a vist to prospective vendors by the contact engineer. 

573 I 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

CE FIELD ENGINEERING 

::" 

I I I, I 

SCOPE. PURPOSE. STATUS L PROGRESS 1 
This project will provide facilities to prepare specimens from irradiated materials 
for use in determining their physical and mechanical properties and involves the 
installation of a cell in 327 Building. 

Cell assembly vendor visited Richland the week of November 20th0 
date of this order nuw appears to be 1-15-62. 

Qualified delivery i 
I 

Construction start on the next phase is being delayed to correspond with receipt of 
the cell castings. 

I 
I 
I 

IM -7300-042( 2-61) AcC.cI ~ICMLAID WAS" 
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I 

GENERAL ELECTRIC co. - Hanford Laboratories I DATE u-30-61 

PR OJ .N 0. t TITLE 

CIXCD PRI 

PLANT FORCES 

ARCWITCCT- CNOINCCR 

DES1 ON CNCl NE ERIN G OPERATION 

QC NLLD CNGINCLRING 

SCOPE. PURPOSE. STATU. b CROCRLSS 

This pro3ect wlll allow greater carncity far answicalwork involving today's more 
highly radioactive solutions and consists of adding a shielded laboratory to the 
325 BUllding. 

S3ructural steel is 9% erected, except for monorails. 
subcontractors are continuing with their work. Mr. M. V. krrs, of L & F Machine Co. 
suppliers of all the Mtshanite Castings for the contractor visited the site to disc-* 
scheduling and shielding around door frames. 

hchanical and electrical 

FUNDING PROJ. NO. I TITLE 

REDO - PC Walkup 
MANPOWER AVERAGE 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES . 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPORATION 

14 
ll 

I GE FIELD ENGINEERING 

ACCUM MANDAYS GE-TIT. 1 1 

840 AE- TIT. I I 1% 

CONST. 100 

FP 

I[ (25 I 31 i 25 I 1 
SCOPE. PURPOSE. STATUS k PROGRESS 

(1) Go A. Grant Company 
(2) Lewis ~opkins Construction Company 



H-11 * 
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COST PLUS FIXED FLC 

PLANT roncca 

ARCHITCCT- CNGINEER 

DESIGN CNGINPERING OPERATION 

QC FiCLD ENGINISRING 

I I II I I I I 
I I1 I I I 

SCOPC. PURPOSE. STATUS b PROQRESS 

at 1O:OO A.M. Eriday, Hovember 17 and finishing completed at 1:OO AM Saturday, November 
18. steam line from train she 

This project provides additional space for biological research supporting services, 
and involves an addition to the 108-F Building. 

The four foot thick reinforced concrete floor slab for the equipment roomwas started 

was relocated. 
cure. 
work has been completed. 

The 16" diameter stainless eteel exhaust ~lne and 2 
ELock work was temporarily held up for second floor concrete slab to 

Block work is now progressing. A considerable part of the electrical roughing 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

CE FIELD ENGINEERING 

SCOPE. PURPOSE. STATUS b PROGRESS 

This project involves a facility for deliberately rupturing tubing to establish service 
conditions. 

The sixth accumulator has been shipped, however, there is some question regarding the 
acceptability of the cap that was shipped with it. 
rejected and its status w%ll be clarified when the form1 inspection report is 
received 

This cap had been previously 

Another electric space heater installed in the 330 Building has failed, making a total 
of three failures out of the four installed. The contractor has contacted the manufazt- 
mer to determine the cause of these failures and provide satisfactory replacement. 
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SEMI -MONTHLY PROJECT STATUS REPORT - 

GENERAL ELECTRIC co. - Emford Uboataies 1 DATE 11-30-61 
TITLE ' FUNDING PR OJ .N 0. 

I 

PROJ. NO. TITLE 

CAK-914 1 Rattlesnake Springs Radioecology Facility 

FEO - RK walam8n 
m*NPowfR 

ClXLO CRlCL 

COST PLUS nXLD ?LE 

PLANT CORCLS 

ARCHITECT- ENOINCCR 

DESION LNGINLCRING OPERATION 

OE IC(CLD LNGINLCRINC 

CUNDING 

61- j 

I 

i I 
TITLE I 

I 

AE- TIT. I I 

75 
PF 

CPCf I I 

ITARTING 3-1-61 (1 DATE AUTHORIZED EST*D- PL. ' DEsiuN 6-6-61 
DATES CONST. 7-12-61 IIDIR. COUP. DATE lG-31-61 DATES CONSTY-20-61 

EN OINE LR 

I 

cp I 

PERCENT COMPLETE 

WT.0. SCHED. IACTUAL 

DESIGN NS+/ 1m 

SCOCL. PURPOSE. STATUS L PROGRESS 

This project provides a means of making uranium scrap material safer for storage 
and off-plant shipent by converting this scrap to a stable urallium oxide. 
facility will be aaacent to the 333 Building. 

The 

TITLE I 

Building has been completed and accepted. 

I I 

Scheduled completion of construction is based on AEC's construction schedule. 

MANPOWER AVERAGE ACCUH MANDAYS GE-TIT.11 I I I loo' 
FIXID PRICE 

COST PLUS CIXLD CEE 

PLANT CORCLS CONST. 

*my Engineers. Contractor work started 7-13-61. Initial acceptance of the 
cantractor portion of the work with Usted exceptions was done 10-19-61. 
AEC, and customer representatives were present. 

The contractoi 

Final acceptance of the contractor portion of work was made u-1~-61. 
LE. procured instrumentation by the cpF% Contractor is complete. 
ment on order have not arrived. 
physically complete and will no longer be reported. 

Installation of 
Two items of equip 

This project is These do not require installation. 

1 mn - 71nn -nd? I 2-61) .w~, -.*" 
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GENERAL ELECTRIC co. - %ford Laboratories 

FEO - RW Dasceazo 
Y ANPOWI R 

FIXED mice 

coar PLUS FWCD PEE 

PLANT concca 

ARCHITECT- LNOINLCR 

DESIGN EN GIN ECRl NO OPLR ATION 

OL FIELD ENGINCCRING 

HW- 71921 

DATE 11-30-61 

23. 

PROJ.NO. 

CAH- 916 
TITLE FUNDING 

Avail. to Cm. Fuels Recycle Pilot Plant 

I I I I I II 

SCOPE. CURCOSC. STATUI b PROGRESS 

This project is to provide a facility to perform a full scope of engineering teste ard 
pilot plant studies associated vith fuel reprocessing concepts. 

CONST. 

PF 

CPFF 

FP 

The preliminary key plan which delineates the new building arrangement was approved and 
will be issued as an addendum to the Design Criteria. 

100 ITS 

Results of the administratian area ventilation study show that a refrigerative type 
system will be less expensive than an evaporative type system. 

Camment sessions have been held to review the architectural and piping schematic prints. 
An important change was made to the floor plan, reducing the two change room to one 
and centralizinn this function at 0's reauest. 

PROJ. NO. TITLE FUNDING 

TARTlNG DESIGN 1-1 5;62+ 
'AT~ CONST. 7-1- 2+ 

DATE AUTHORIZED E::*:;. DESiON 5-15-62$ PERCENT COMPLETE 

DIR. COMP. DATE DATES CONST. 3-15-634 WT'D. SCHED. ACTUAL 

AE- TIT. I I I 
I I I 

FEO - J!r Lloyd 

[IPF I I I 

TITLE I 

I I II I I I 
SCOPE. PURPOSE. STATUS b PROGRESS 

This prodect will provide facilities necessary to conduct atmospheric phyaies research 
and development programso 

*Eased on AEC authorization by E-15-6~ 

The Ceneral Electric Compny submitted a letter to the Connnissicn in answer to tkeir 
request for information on alternate locations. 
by the Civilian Reactor Development and Research Di+-sion for review end approval. 

Supplementary information was sugplied 

M -7300-042( 2-61) ICC-GI IICWLAID. WAS" 
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nford laboratories 

ClXLD PRICE 

COST PLUS PIXLO FEE 

PLANT FORCES 

A RCM I TL C T - LN 0 I NLLR 

DLSION LNOINLLRINQ OPLRATION 

QE PILL0 LNQINLLRINO 

CPCC 

1 I II I I 

SCOPL. PURPOSL, STATUS k PROQRLSS 

Directive AEC-l88, dated Wch 8, 1961, authorized the proJect and assigned management 
to the AEC. 

J. A. Jones forces started work 10-24-61 on the remaining work to complete the proJect. 

Work authority was issued 4-18-61, to the General Electric Company. 

Installation of all units is complete. The AEC has authorized J. A. Jones to install 
hardware cloth and frame over the cooler air inlets to keep deleterious material from 
the recirculated water. 

PR0.l. NO. TITLE CUNOINO 

CAE- 921 61- s 

FIXLO PRICE 

COST PLUS FIXE0 FEE 

PLANT FORCES 

ARcniTLcT - ENGINEER 

DLSI ON EN GIN LERIN G OPERA TlON 

GE FILL0 ENGINIERINO 

$ 
CPff 

100 
I I II 1 1 

SCOPE. PURCOSE. STAtua k PROORLSS 

This project involves the continued drilling of special research, test and monitoring 
wells. 

Appraximately 4,300 feet of hole has been completed. 
and final well. 

Contractor is working on the 16th 



SEMI -MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC co. - Banford Laboratories 

HW- 71921 

DATE u-30-61 

DATE AUTHORIZED 10-93-61 STARTING DCSIQN n- 
CONST. 6-15-62 DIR. COMP. DATE 

I I I1 I I 
SCOCC. PURPOSE. STATUS L PROORCIS 

This project will provide facilities to permit deliberate destructive testing of 
irradiated zirconium tubing. This will provide operating and tube life data not 
now available because of the limited operating history of Zircaloy-2 pressure 
tubing in reactors. 

- 
PERCENT COMPLETE EST'D. 

CDMPL. OEIIGN 5-15-6p 
DATES CONST. 12-1-69 WT'D. SCHED. ACTUAL 

AEC Directive No. AEC-199, datsd October 23, 1s1 authorizing $29,600 for design bas 
been issued. Work Authority No. CAH-922(1) dated October 25, 1961 was received. 

AVCRAGC ACCW MANDAYS 

Comment prints of the architectural layout have been submitted by Bovay Engineers. 
The Design Criteria being prepared by CE&UO is nearing campletion in rough draft 
form for final concurrence by all parties concerned. 

- - 
TITLE 1 

0 0 
2 2 

''-TIT.l I 30 
AE-TIT. I I 70 

CONST. 100 

PF 

CPFF 

fP 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESI ON ENGINEERING OPERA TlON 

SE FIELD ENGINEERING 

This project will provide a source of power for induction heating for R&D work in the 

The induction heating work stations are now on site. 
by J. A. Jones for installation of work stations and distribution system 11-27-61. 

306 Building. 
\ 

The AEC released funis required 

%e AEC is preparing the construction schedule. 
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SEMI -MONTHLY PROJECT STATUS REPORT 719-i . 
HW- 

GENERAL ELECTRIC co. - -&ora Iaborataries 1 DATE x-33-61 

FIXED PRIC 

COST PLUS PIXED FEE 

mo - 0% LYSO 
MANPOWER AVERAGE ACCUM MANDAYS 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESION ENGINEERING OPERATION 

GE FIELD ENGINLERING 

PLANT FORCES 

ARCMITECT-ENOINLER - my 
DESIGN LNGINLLRING OCLRATION 

GE FILLD ENGINEERING 

TITLE I 

GE-TIT. I I 

AE- TIT. I I I 
I 

I 

100 CONS 1. 

PF 

CPCF 

FP 

I I 

SCOPE, CURPOSE. STATUS b PROGRESS 

This poject provides facillties for pilot plant development of decon*mtion 
processes for intmnediate level chemical processing plaEt waete for safe discharge 
to the plant environs. 

*A new directive is being written by HOO-AEC based on project proposal revision 1, which 
is expected to extend the directive completion date to about 7-1-62. 

5AE-9?2 I 'JW Area Retention Waete System Expa nsion I 62-k 
I COST & COMM. TO S 

AUTHORIZED FUNDS 

1 

The po,4ect proposal was submitted to HOO-AEC for authorization on 5-5-61. 

The proposal was return& unapproved 011 September E, lg~, with a letter suggesting 
alternate solutions. These were reviewed for feasabillty and pr8cticabilit.y. The 
project proposal was returned to the Commission fur further review and approval. 

*Eased on AEC authorization by 12-16-61. 



GENERAL EL 

AVLRAQL MANPOWER ACCUI MANDAYS 

XLD PRICE 

)ST PLUS FIXED ?LE 

LANT Concern 

RCWITCCT-CNOINLLR - B0-Y miwers 
LSION ENQINLCRINO OPERATION 

L FlCLD LNOINCERINO 

108 

I I 

COPS. PURPOSE, STATUS b CROORLSS 

cc 

This project provides facilities for the conduct of corrosion and decontamination 
studies for nuclear reactor coolant systems, by the addition of 2,700 sq. fte 
laboratory facility an the vest side of the 1706 KE Bulldingo 

Completion of des- Is nearing. Comment review meeting 11-30-61. 
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IIECRNICAL ADMIIJISTRAmON OPERATION 

Advanced Degree - One Ph.D. applicant visited for an employment interview. 
'pwo offers were extended, no acceptances occurred, and two rejections were 
received . 
Technical Graduate Program - Six Technical Graduates were placed on permanent 
asaiepvnent and two terminated. 
-payroll. 

One new !Pecbnical Graduate was added to the 
Current program members total seventy-six. 

TECHNICAL RVFawMATIOI? 

A request XLIS received from the Banford Operations Office requesting a cessa- 
tion of referencing, in report4 distributed offsite, those documents not 
publicly available. 

Upon request, a review occurred to determine whether any unaccounted for 
Commission documents existed at HAPO. None were located. 

Work Volume Stat istics 
October November 

Document Distribution and Files 

Documents routed and discharged (copies) 15,764 18,300 
Documnts issued (copies) 13,327 18,645 

Docwwnts sent offsite (copies) 8930 9,=6 
Document reserves filled (copies) 767 656 
Documents picked up and delivered 18,038 19,220 

Document Accountability 

Holders of classified documents whose files 

25 5 
Documents inventoried in Files (copies) 
Documents destroyed or retired 51738 4,972 

Docmnts pulled and documents filed (copies) 14,465 14,959 

54 117 Documents reclassified 
Documents microfilmed 1,182 2, 550 
Accountable copies of SECRET and DOCUMENTED 198,538 200,340 

--- 
were inventoried 179 

--- 
Documents revised (copies) 1,508 1,998 



UMcxIAssIFIED I-2 

October 

Library Acquisitions and Circulation 

Books ordered (vol~s) 
Periodicals ordered 
Books circulated (volrrmes) 
Periodicals circulated (issues) 
Inter-Librsry loans 
Films borrowed or rented 
Industrial film shuwings 
Bound periodicals added to the collection 
Bound periodicals discarded 

Library Collection 

%in Library 

32,552 No. of books 

No. of bound 
periodicals 

w-10 Library 

0,m 

19 

8,740 

November 

345 
52 

1,757 
3,372 
160 
23 
39 

‘80 
22 

108-17 Library Ind. Med. - Total 

1,887 2,085 45,245 

1 , 941 - 24 17,174 

62,419 ..- 
I. 

2,109 
.. 

3,028 

October November 

Classification and Declassification 

38 64 Documents, including drawings and photographs 
reviewed for dawngrading or declassification 

Documents and papers (intended for oral 

for appropriate classification 

Documents submitted to D&I.assification 
Branch, OakRidge 

. presentation or publication) reviewed 
34 16 

3 54 

0. E. Boston, MEuager 
Technical Administration 
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C - Tkchnical Graduate Program 
mnth ending November 30, 1961 

N-er Personnel on Assignment 
(HAP0 Tech Grad Program . . . . . . . . . . . .61 
(Engineering & Science Program . . . . .15 

Distribution of Assignment8 by Departments 

m 
BLO 
CPD 
FPD 
CUO 
cmuo 

Distribution of Assignments by Function 

Research & Development or Engineering 
Other 

m-71921 

76 

34 
27 
9 
5 
1 
0 

58 
18 



. 

5-3. 

Personnel 

-- There were no p-arsopael changes in the Financial Operation 'during the month. 

Activities 

0- ACCOUN!& 

FoUuwing is the status of approval letters seeking Commission concurrence in 
proposed actions: ...' 

Number Title StatUS 

m-8 Decontamination Coupom for AEED 
Add. 1 

Approved 

AT-52 Still held by C-ssion 

AT-104 Fission Products Dispersal Handbook In process of being re- 

wri%ten and resubmitted 
with changes suggested by 
Cormhission. 

med Use of Whole Body Counter 

AT-105 Symposium on the Biology of 'pass- Washirrgton AM: stiU 

AT-195 AIBS Medical Education for National Approved 13/22/61. 

uranic ELements Considering * 

Defense Program 

AT-L~~ Participation in standardizing 
Activities 

&id pending further cor- 
respondence frsm m- 

AT-205 Sanitary mineering Advisory In Process. 

~o~~aittee-~aa~ngton State University 

AT-206 Delay in Msposition of Residence 
, of Transferred Employee 

In Process. 

Travel activity in moveniber was considerably above the like mEth in 1960 in con- 
trast to the trend during the first four months of FY 1962. 
year to date, however, is still 12s be3m FY 1961 experface. 

Action as indicated occurred on the foUowing projects during the mocth: 

Total activity, fisc& 



3-2 

New Money Authorized EL0 

CAH-896 Stress-Rupture Testing Facility 
m-936 Coolant &stems Development Laboratory 

$ 500 
15 000 

Physical Completion Notices Issued 

CGB-923 Spectroscopy Iaboratorg 

Test Reactor and Auxiliaries transferred ntle 111 f'unds on one project to CE&UO. 
'Ilhis transaction concluded HLO's compliance with OX'S 1.6 and 1.12 on all PAC 
projects not scheduled for completion by January 1, 1962. 
involved in the transfer with -0 issuing work orders to HLO on eight of the 
prodects for meld Engineering on a loaned labor basis. 

An Assistance to Word authorization was issued to General Ehgineerfng Iabora- 
tory for research concerning the use of a high power lasser for welding-cutting. 
The amount of this authorization was $9,800. 

Nine projects were 

A review of HLo's active forms, approximately 600, was initiated ts determine 
the accuracy of existing files preliminary to issuing a revision to the Fsrms 
control Manual. 

Action was initiated for the design of fifteen new and revised forms. 
request for one new form was satisfled by using an existing form. 

The 

A review of all active contracts and agreements was made. 
scae and relationship between cost and benefits received was critically evalu- 
ated for each contract. 

The following contracts were processed during the month: 

The basic need, the 

~~0-43 RCA Senrlce Compaqy 
DEI-136 -mer Carbon Corqxiqy 
SA-175 Dr. W. E. Welsh 
SA-176 Dr. D. R. Merble 
SA-177 Dr. W. E,. -is 

SA-181 B. L. M. -die 
SA-178 Be P. M. Aldrich 

Mew and revised OPGs issued during the month are indicated below: 

OPG No. Revised Title - 
9 -2 X Procurement of Ecpipent, Materials, Services, 

Ssd Supplies 

3.8.2 

22.1.12 X 

X Washington State Industrial Insurance and 
Medical Aid Acts 

Test Reactor and Auxiliaries Operation 
Organization 

UIJCLASSIFIED 
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Tltle - OR2 MG. loew Revised 

22.1.3 x Reactor and Fuels Research and Develcpnent 
Operation Organization 

- ,- 7.8 X Control of Docmenta Classified Secret and 
Confidential 

55.1.1 x Weekly ’IYme Cmds 

Twenty-one AEC Mutual Cbapter revlsions were received in IVovember, details of which 
were covered in a separate report to Sectics Managers. 

Seven suggestions were received dur- the month for evaluation. 
slad three were held pending further investigation. 

Four were rejected 

Considerable effort was spent during the month updating records ad applyisg dollars 
($699,350) to approximately 300 individual units of pr3pexx +,ransferred to HLO 
during October froia’the University of Califcda Lawrence RadiaticJIn Labcratary. 

lXtrfng moVember Mxed Prop- valued at $4,2i9,282 was transferred to CPD in 
comection with the transfer of custody of the Hot Semiworks. 
valued at $19,419 will be transferred to CPD in December. 

Seventy-three items valued at $64,331 were received at the Laboratory Po31 during 
the month of November. 
ferred in lieu of placement of requisitions and fourteen items valued at $6,1n were 
withdrawn temporarily custodians. Graphite valued at $U,OOO, scheduled for 
excess, was p~.aced in CPD. 
physically located in the Pool of which 195 items valued at m,309 ce -3nca$slogued 
me items and 29 items Wued at $53,868 are held for the coevetience of others, 
Reactor and Other Special Muterials on band at the bl at month-end totaled 
$183,7l7 and msteriuls held for the convenience cf athers t&aJ.ed $2?lj&6. 

A report of results isks issued for the pwsicaj. inventory of movable catalogued 
eqpipment in the custody of Biology Operatior,. 
items valued at $6h,729 were physicsily cmnted. 
results and the fact that all items were sccoumed for indicated ex,celleLt csztr31 
of equipent and the use of proper procedures by the Bfcbgy 0perati:z. 

lbvable property 

Thirteen items valued at $2,361 were loaned 3r trans- 

There are currently equipment items valued at $453,766 

Eight hundred acd tventy-eight. 
Analysis of the inve3tcry 

Heavy Wa*er losses chargeable to operating cc3t ftir the mxtk of I’kvember amcxlctecl 
to $Q,966.51 representing $1,297.30 scrap materid ssd $LL,66gO2l BPID l~lss. 

PreEmina;laJ unitization work was performed duriw the mciztk ?r the f;ll3wi;?g 
prcjects and all cdtalogued equipmeat was tagged: 

CAB-834 
CAH-867 
CAB-896 
CGH-935 

189-~ Buildizg Heat Wmsfer Addi5i:ss 
Fuel Elemen$ Ruptzze Tes5 Facility - 309 ‘Bzdg. 
Stress Ruptare Test Facflil;y - 330 I3M.g. 
Metal Storage Wdi- - 328-~ Bldg. 



Unitization reports will be issued on the follo"&hg CGH projects fc2owizg receipt 
of an Acwtive Cost Report asd on the CAH projects upon receipts of final 
billing and reporting From AEC. 

CAH-681 Word Equipment in the ETR 
cAH-870 Fscilities for Recovery of Radioactive Materials - 325 
CGH-785 In-Reactor Studies EQuiFmrent - lO5-KR 
CGE-90.7 Strontium-90 Interim Pmgrm 

The unitization report on Project CAH-747, Plutonium abrication Pilot Plant - 308 
EL&., consistfog of 165 pages is appr0xbmtel.y 85$ completed. The report will be 
issued in Decdber. 

COST ACCWIITING OPEW~OIO 

The Word Iaboratories' control budgets were adjusted for Bvember reporting as 
f0Ums: 

1. met recast to provide funds for the newly established Test 
Reactor and Auxiliaries Operation. 
tion of 04 propam equipment funds. 

The addition of $800,000 for operation of the Plutonium Recycle 
Test Reactor as promised by Washington-AM:. 
$3OO,OOO represents a transfer from the Special Reactor Materials 
Inventow control balance for June 30, 1962. 

A new section in Hanford laboratories entitled Test Reactor and Auxiliaries Opera- 
tion was established on November 6, 1961. 
of operation, maintenance, and engineering connected with the Plwkonium Recycle 
Test Reactor. Fyscal yetw-to-date costs through October were recast to conform 
with the new organization. 
section me as follows: 

This also included realloca- 

2. 
Of this amoupt, 

The section will have the responsibility 

Organization nomenclature esd cost codes for the new 

Test Reactor and Auxiliaries Operation 
Plutonium Recycle Test Reactor Operation 
MaintenrPnce Operation 

"A" Shift 
"B" Shift 
"c" shift 
"D" Shift 
Day shift 

Maintenance am3 Equipment Eugbeering aeration 
Technical plasning Operation 

Other chrnges in cost codes and/or organization titles made during the month were 
as follows: 

7510 FRP Hazards Analysis - cancelled. 
7522 Special Studies - cancelled. 



7523 

7525 

7526 
7544 

Reactor Technology Deveiopnt - title chsnged to Shielding 

Design DevelopLent - title changed to Cor;ceptusl Design 

Hazards Analysis lhnction - new code and title replacing 7510. 
Coatings and Corrosion - title chknged to Chemical Metallurgy. 

Function 

FUnc+,",n 

The Haaford Laboratories' cost code booklet was updated during Nov&er. 

Preparation of eU phases of the FY 1962 Midyear Budget Review for Banford Iaboza- 
tories -is completed during the month and submitted to Cantract Accounting for 
HAPG consolidation. 

1JP 
W' &e:whm 
December U, 1961 
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REACTOR D[EvELopMENT - 4000 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

PRTR Operation 

Production for the month of November towed 653 MUD for an operating efficiency 
of 31s. 
efforts. 
Helium losses continued at high levels. 

- Heavy water loss totalled 3200 pounds despite extensive leak correction 
Losses during operation were estimated at about 50 pounds per day. 

Total loss for the month was approxi- 
-. mately x)5,000 scf. 

There wee 9 scrams during the month. 
monitor trips, three yere fram operational dffficulties, two were fram erratic 
flux monitor instrumentation, and one was planned as part of Power Test Mo. 6. 
Significant outage work included removal of the ruptured fuel element in tube 
1954, PrSmary Pump No. 3 seal repair on two occasions, and helium and %O leak 
repairs. Five power tests and a portion of another were completed during the 
month. 

Tbree scrams were from spurious flow 

On November 9, an incident occurred which resul5ed in rapid draining of the 
pressurizer. 
thereby preventing light water injection. Investigation revealed that the operating 
primsry pump had been vapor locked, causing loss of primary coolant flow. 
%his 3ime the fuel elements had been cove-red with water, providing adequate cooling. 
A separate report has been written on this incident. 

. The reactor was down and the light water injection circuit by-passed, 

During 

Major Equipment Maintenance ~ 

Primary Pump Noo 3 was removed and Overhauled for seal failures on tw occasions 
dura the month. 
encountered which could not be satisfactorily decontaminated in the 309 Bldg. 
'RE spare pump in the 314 Building was overhauled, aodifisd for PRTR installation 
and placed in service. Pump decontamination was performed in CPDs decontami- 
mt io~z facility. 

For the first time, high radia=ion readings (20-25 RAD) were 

The diapbragin, both valves, and the temperature controller we-- replaced on +,he 
north head of low pressure compressor no. 1. 
valve rup5ured the diaphragm. 
and repair5d later in the mon5h. 
casting. 

A loose part *om t.be suction 

Cause of the leak was a fault LL ths head 
An oil. leak on this comprsssor was discovered 

Vaives and diaphragms were replaced on tbe first stage of high press&-@ claqressor 
no. 2. 

High pressure compreasor PO. 1 recsivsd a major overhaul *en a pistcn rhg 
broke on the first stage cylinbr. 

EquZpment Engineering 
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PrfmarSr tuug No. 3 opemtsd witbut incidel;t fslloW~ e,rratx seal. tempe,%turss 
during tbs period October 2C tc October 23, 1961, -=til shutdom CL October 3, 
1961. On November 4, 1961, &ring startup, the primary sed. failed. The spare 
pump was insued on November 6 and apparently dmeged oil Ncvember 9, lw, 
dur'rg the initial run-in as &own by a high, erratic, amperage recording. 
period was the smw as described for Primary Pltmp lo. 2, above. The prfmary 
seal failed completely on ZQovtmber 19, 196l, during normal operation. 
seal feilurc slam had reset on November 18 following a scram. The original 
Primsry pums~ NO. 3 was again instslled on November 20, 1961, with a separate gas 
vent llne provided to allow mcre thorough venting of the prirax?y seal. High 
motor temperatures and high aqperage OP pump startup, November 22, 1961, would 
again indiate some damage to this seal. A total of 12 sesl leakage alarms cn 
November 26 and 27 indicates possible trouble with either PP-2 or PP-3 since 
the damn lights are too short to identiry the pump. 
Revision 2, "Primary Pump Venting", has been originated to provide sepasste 
venting of the prirmsry seal of each pump. 
power connections and conduits of the primary pump was issued for approval. 

This 

A prevlous 

Design  haa age E-&, 

Desiepr chsnge 116 for revising the 

Design Change DC-53, Revieion 3, Boiler Feed FWnp Relief, was completed with the 
installation of Valve, S-51, to prevent complete flow shutoff tc the boiler feed 

pumps. 

High pressure compressor no. 1 received a major overhaul when a piston ring broke 
ir the first stage cylinder. 
high pressure compressor may be yielding during thee cycles at high pressures. 
Uak indications around the heads when started cold, while not serious, are 
approximately three times as great as when hot. 
considered. 
densate to the primary storage tank has been issued. 

Design Chnges 96 (&aerator level control) and 99 (degasser level control) were 
cqleted during the month. 
provided in the control room for these variables, and new transmitters of a mors 
reli&Ua design have been installed. 

Calculations reveal thst the had bolts of the 

New heat bolt materiel is being 
Design Change 107, which provides automatic -king of Hw-7 con- 

Permanently mounted recorder controllers are now 

Mtial work was begun on an fk-ling gas sampliag system for the! reactor. The 
complete system will be described on Design Change 97, soon to be issued. 
Preliminary work (prior to completion of the ectire design change) will permit 
sampling of the gas feed to the gressurizer by means of a tempcrazy tie-in to 
the Gas Loop gas cl;rOmatogm,?h, and WFU restore tbe % analyzer to service. 

Cesfgn Clangs 114 (Primary System Low Flaw Instrumen+a$icn> was issued for 
approval, and the necessary ecluipment was placed on order. This chnge wiU 
extend flow measurement fn the primary loop icto the lcw P-ow we where the 
existing flow tracsmitter is inseneitive. 
is expcted by the middle of December. 

All equipment needed for the chenge 

Design Change 115 was issued for approval, calling for relocation of the 
pressurizer level transmitters to a position adjacent to the base of the 
pressurizer. This change VFIl elhbate long hurizoatal runs in the sensing 
lines from the pressurizer, which result in iormation of gas bubbles in t& 
sensing lines. In addition, level tran=mltters of a type less sensitive to 
changes In static pressure will be installed. 

I25CiS i 8 UNCLASSIFlED 
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.- 
Design Change log, permansnt mounting of the second startup chumel, has been 
written and approved, 
mummeter readout, has been written and is awaiting approvals. 
permanent mounting for the mibrator T/C rzcorder, was written and approved. 

Design Change 113, permsnent panel mounting for the servo- 
Design Change 103, 

An apparent failure of effluent activity bitbley Channel A has been resolved 
into two separate problems. 
B comprised the first problem, @&th the eecond being that the calibration source 
for "A" Channel was moved back away from the chamber. 

The failure of the inverters for both Channels A and 
'. 

It was previously reported that the failed U02 fuel element in process tube 1954 
gave a failure signal using the es activity rupture monitor both during activity 
bursts after a startup and then continuously after a period at power. 
confirmation of this was obtained during the subsequent period of operation before 
the failed element was removed. After removal of the 1954 element, gaseous 
activity levels were reduced by one-third to om-half those previously experienced 
for comparable operating periods. 
failed fuel element's removal indicate that, If any other failed elements are 
present, their comblned effect is less than that of the 1954 faflure, 
failed element In tube 1954 was removed, the rupture monitor was set up to monitor 
the thermocouple fuel element in process tube 1550, two experimental fuel 
elements in process tubes 1051 and 1954, and the fyel element in process tube 1857 
which gave somewhat ambiguous results by the stagnant water ssmpllng technique. 
Mo rupture indication was received on any of these channels during subsequent 
operationo These channels were still being monitored at month endo Operating 
instructions for the demonstration gas eeparation system were written. 

Further 

The reduction of the activity levels after the 

-After the 

Specifications for the flow monitor system ground detector and DC system low 
voltage detector were re-written in functional specification form to obtain 
competitive bidding on these units. 
62 to g0 days after the orders are placed. 

Delivery on these items is expected to be 

Training classes for Operation's personnel continued during the month, Classes 
on the light water injection system and the automstic controller were conducted 
for all shifts. 

Technical Planning and Process Engineering 

The fourth reactor fueling was planned and charged at the beglming of the month. 
Three additional U02 elements were exchanged for plutonfrrm, bringing the core 
inventory to 39 Pu-A1 and 46 U02. 
at this the. These consisted of a nested tubular element, described in PRTR 
T5st No. 5 and two 19 sod clusters, cievibrationally compacted and oae hot 
swaged, described in PRTR Test No. 10, 

Three experinented lJ02 elements were charge3 

Irradiation during the month brough the total energy generated to approxately 
5600 MWD and the maximum tube exposure to about 50 MWD. 
1013 MWD/T for the uranium and 30 percent burnup for plutcmium. 
fueling is being planned to approach a Ifn%arly graded burnup to about 50 percent 
cf inits heat output. 

This is equivalent to 
The plutonium 

Tbe moderator pump failzrre and helium gas flow over the eslandria weir portions 
of Power Test No. 6 (Planned Malfunctions) were performed during the month. 
moderator pump failure test reveslad that sufficient time 5s available to start 
the spare pump and return th? moderator flov to normal e-thcut having to shut 
down the reactor, 

The 

Rafsiq the m3e,%tor level to the tog cverflow slots fnduced 



helium BE flow over tk calssdria weir snd caused a zeaGtor shutdom due to a 
reactor period scran. 
is awsilabls to &ut do-m the reactor in the event. of gas flow mer the weir. 

The results of this test showed thht suf'ficiezt protection 

The thermocoupled fbl elmest was ,--charged irto the rewtor under Power Teat 
No. 15 (!llhermocoupled Fuel Xlsment) for operation at reactcr power levels up b 

70 Mu* 
only three of the six thermocouples had failed. 
operating period are being dyzed by PLfmbers of the Ceramic Fuels Development 
Operstfon. 
mctor outage. 

bkximum fuel temperatureE recorded ere about 1W0 C. At month end 
DE- obtained during the reactor 

The element is scheduled for discbarge during the next scheduled 

AU the data necessary for Power Test No. 10 (Modemtor Flow and Temperature) 
and Power Test No. 9 (Heat Transfer Cafficients-4x4, 2, 3, 4 and 5) wcre 
obtained during the month. Ihta fran these tests is being analyzed. 

Uta were obtained for Power Test No. 14 (Power Decay) and tLt -inder of 
Power Test No. U (Photoneutron nux) at the beginning of the scheduled outage. 
The only dats not obtained was a trace of the "spike" in the observed flux upon 
scram. 
the log channels were responsi31s. 

It ia believed that the LLgh resistances used to prevent loading down 

Major revisions of the PR'l!R Operating Standards wers begun. 
that the revised operating standards Kill be fssued in esrly January. The 
first audit of reactor aperation to insure that conditions were within the 
operating standards was completed snd a report issued. 

PRTR Test No. 3 (Secondary Codant Water Quality During Gufages) was performed. 
The data cbtaiaed is being used to revisw the Sscondky Coolant Quality operating 
Standard. 

It is anticipated 

' 

6 concsptual evaluation of nex (swrimental equipmezt fcr ?RTR rssearch and 
*vslopmezt programs was coqleted. 

Amrcxbatsly 6s percent 0,9 the Zinal draft of a doctaeskt Fresenting all PRTR 
Critical Test results has hen completed. 
muck detasedtest data as is fsasi'ble to grcvide a gingle reference for 
subsequent analysze . 
P632icipation in Critical Facility startup phndng ms cantinued. 

ether problems. 
as a tentative list of operating etmdards. 
qualification test for the facility was initiated. 

W estimated ccst is on the order of $50,C30. 

The docum=nt is desieed to Fzesent as 

Weekly 
pu metas h8e been held tG discus8 test descripticns, SwdardE ad 

Three physics teet descriptions hsv= bees completed as well 
Dsvelopnent of an operator:s 

Same additional calculations were performed to provide hazards and design data 
for the Critical Ibcility. 
fuel element worth and void effects, 

These consisted of ana,lyses of reflector effects, 

Project -nt and Design 

PRTR. - 
during the month. 
Repairs were made to the &pulatcr and prcfilometer 5X viewer controls. 

Performance of -1 element examination facility Design Tests continued 
The ~fr bslance portion of the test &s been ccmpleted. 

An 
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elusive DC ground was located and repaired. 
placed in the facility and removed using the PRTR charge-discharge machine. 
Further tests of the wide-angle viewer indicated some minor modifications which 
would improve the quality of the image. 
The installation of the fuel element temperature monitor has been started. 

Plutonium Recycle Critical Facility (Project CAE-842) 
presently scoped is now 9% complete. 
phase of the installation work with minor exceptions which are being corrected. 

Difficulties in applying a suitable cadmium plating to the control and safety 
rods have delayed completion of these items, The vendor feels that the problem 
has now been corrected. 

A dummy element was successfully 

These modifications have been initiated. 

? 

The total project as 
The CPFF contractor bas completed his c 

The project proposal revision requesting additional funds of $4O,OOO and an 
extension of time to complete the modifications requested by the Techoological 
Hazards Council has been approved by Wash.-AEC. 
directive completion date are $400,000 and March 15, 1962, respectively. 

Fuel Rupture Test Facility (Project CAH-867). 
include a second rupture monitor sampling system and a basin cleanup facility 
has been prepared and is being routed for approval. 

Overall construction is estimated at 54s complete as compared to 6Q$ scheduled. 
The CPFF work (equipment installation) is estimated at 6% complete compared 
to 75$ scheduled. Low air activity permitted unlimited access to "B" Cell 
dura the month. Good progress was made on the "B" Cell portion of the worke 
Construction of the Water Weatment Plant and Hold-Up Tank RLT-2 is estimated 
to be 15s complete versus a scheduled 15s complete as of November 3Q, l%l0 
The filter plant clearwell concreting is complete. !l%e contractor is forming 
and placir&g re-steel for pump room walls and filters. 
filters of the sedimentation basins has been poured. BacHilling around clear- 
well and under sedimentation basins is essentially complete. The 10" and 12'' 
filtered water line is completed except for tie-in near the condenser facilify. 
This tie-in will be made when the filter plant is ready to produce wattr. Tie- 
in is not -de at this time so that the raw Columbia River water my be used 
fcr reactor operation if required. 
tractor for the Rupture Hold-Up Tank RLT-2, has moved on the job-site and stmed 
erection of the tank. 
The contractor has submitted most of the vendor submittal data, which is required 
for thia contractor. 

Total funds authorized and the 

A design criteria addendum to 

The base slab for the 

Chicago Bridge and Iron Co., the sub-con- 

Material has been shop fabricated and is at th& job-sits. 

GAS COOLSD POWER REACTOR PROGRAM 

Gas Loop Project Management and Design (Project ~~~-8221. 
remains approximately 92% complete at month end. Electrical and instrument 

Gas Loop constraction 

design tests are in progress by plant forces, 
to the vendor for removal of the NaK0 
mitted requesting an increase in authorized funds ~f $509K0 and an extension 
of project completion date to June 30, 1962, to acecmplish replacement of the 
NaK heater. 

The NaJc heater has been returned 
A revised pro3sct prcposal has been sub- 

After considerable study, it has been decided to completely rz-design the gas 
loop heater rather than attempt to modify the existing >eater. The two most 
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suitable candidate materials to replace the NaK were detarroined tc be nickel or 
silver. Use of nickel is relatively expensiv€ on the basis cf fabricstion, and 
is mecrginal from heat transfer considerations. 
of initial cost, but appears feasible from heat transfer considerations. 
Accordingly, prelininazy design has been completed on a shell and tube arrauge- 
msnt hesting the tubes internally with silicon carbide resistors, insulated 
electrically with alumina, and passing the gas transverse to the tube bundle. 
Cost of this heater including detail design is estimated to $22,000. 

Silver is expensive on the basis 

Comtluction forces presently are engaged in the installation of the in-reactor 
test section in the experiment cell. 
bas betn delivered to the PRTR site and will be cannected to the new piping 
during the nest reactor outage. 

The in-reactor section pressure tube 

Latest report fran the blower vendor indicates tests of modifications now 
being incorporated wiU be started early in December. 
earliest possible delivery is February, 1962. 

This schedule indicates 
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UNCLASSIFIED 
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L- 1 

INVENTIONS OR DISCOVERIES 

HW-71921 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that,, to the best of their knowledge 

and belief, no inventionsor-discoveries were made in the course of their 

work during the period covered by this report except as listed below. 

persons further advise that, for the period therein covered by this report, 

notebook records, if any, kept in the course of their work have been 

examined for possible inventions or disccveries. 

- 

Such 

INVENTOR 

R. G. Wheeler 

W. J. Bailey and 

1 

S. H. Woodcock 

S. H. Woodcock and 
W. J. Bailey 

S. H. Woodcock and 
W, J. Bailey 

5. Dunn 

J. Dunn 

R. T. Allemannand 
R. L. Moore 

L. F. Kocher 

M. F. Scoggins 

D. R. Green 

. 1250b23 

TITLE OF INVENTION OR DISCOVERY 

Displacement Gage 

Remotely Operated, Self -C ont ained 
Transport Vehicle for Use in Fluid 
Media, HW-71672, 11/13/61 

Remotely Operated, Expendable or 
Non-Expendable, High-speed Device 
for Determining Thermal Properties 
of a Specimen Which is Operating at 
Elevated Temperature, HW-7 167 3, 
11/ 131 61 

Remotely Operated Device for 
Measuring and Observing Thermal 
Properties of an Operating Nuclear 
Fuel Element or Other Test Specimen, 
HW-71888, 11/ 30/ 61 

Impulse Type Pump 

Aid in Tuning of Musical Instruments 

An Electrostatic Bubble Scrubber 
6HW- 7 15 341 

An Improved Personnel Film Badge 
Dosimeter (November 30, 1961) 

An Automatic Impaction Shield 

A Quantitative Method for Mapping and - 
Displaying Values of a Variablk, 
HWIEL-1450 

Manager, Hariiord Laborahr-g 
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