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LEGAL NOTICE 

Thit report was prepard as an account of Government sponsored work. Neither the United States, 

nor the Commiuion, nor any person acting on behalf of the Commission: 

A. Makes any warranty or represontation, expressed or implied, with respect to the accuracy, com- 

pleteness, or usefulness of the information contained in this report, or that the use of any information, 

apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, or for damages resulting from the use of 

any information, apparatus, method, or process disclosed in this report. 

As used in the above, 'penon acting on behalf of the Commission' includes any employee or 

contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 

tractor of the Commission. or employee of such contractor prepares, disseminates;or provides access to, 

any information pursuant to his employment or contract with the Commission, or his employment with 

such contractor. 
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V. HW-67532 

BUDGETS AND COSTS 

November operating costs totaled $2, 160, 000; fiscal year-to-date costs are 
$10, 369,000 or 39% of the $26,594,000 control budget. 

Hanford Laboratories research and development costs for November compared 
with last month and the control 

(Dollars in Thousands) 

HLO Programs 
02 Program 
04 Program 
05 Program 
06 Program 

IPD Sponsored 

budget follow: 

cost 
Current Last FY 

$ 26 $ (11) $ 324 
873 763 3 814 

63 61 3 16 

2 08 992 

1 147 1 021 5 346 
- 18 5 

2 72 281 1338 

CPD Sponsored (Excluding 
Strontium-90 Program) 167 2 18 817 

Total $1 586 $1520 $7 501 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

$ 661 

9 622 

796 

2 372 

13 451 

3 170 

1693 

70 
Spent 

34 

40 

40 

42 

40 

42 

48 

--__ 

- 

$18 314 

PRTR Phase III-A construction is estimated to be 6870 complete. 
struction was completed on those systems required for critical testing and 
the reactor was brought to critical on November 21, 1960. Design testing 
is estimated to be 50% complete. 

Con- 

No major PRTR design deficiencies have been encountered. 
sporadic level oscillations of several tenths of an inch were noted at moder- 
ator levels in the range of about 50 to 85 inches. These were suppressed by 
increasing the volume of helium in the gasholder. Hilium entrainment in the 
moderator and moderator entrainment in the helium gas balance system 
caused temporary difficulties which are being corrected. 

However, 

Construction of the PRTR Maintenance and Mockup Facility, which includes 
the Rupture Loop Annex and Critical Facility Building, is estimated to be 
1570 complete. Designs of the Critical Facility and the Rupture Loop are 
estimated at 9670 and 81% complete, respectively. 
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The spare PRTR primary process pump was disassembled after 2827 hours 
when excessive noise and vibration were observed. 
thrust bearings was defective. The thrust bearings were replaced by a 
single combination thrust-radial bearing suitable for the low thrust load. 
The mechanical seal showed no evidence of excessive wear and was re- 
installed without servicing, 
3217 hours with the same mechanical seal assembly. 

One of the two motor 

The pump has now operated for a total of 

A comprehensive review of PRTR primary coolant leak studies was com- 
pleted. It was concluded that the emergency light water injection system 
can provide an adequate supply of backup coolant to prevent fuel melting 
for leaks of all sizes and locations. 

The consequences of various nuclear accidents in the PRP Critical Facility 
are being studied on the analog computer. 
that the rod safety system should limit fuel element temperature increases 
to a few degrees for any credible reactivity insertions. 

Preliminary results indicate 

Zircaloy ribs were successfully welded to eight-foot long fuel rods con- 
taining either sintered U02 pellets or swaged U02. 
frequency resistance seam welding process was used. 
fabricated for evaluation at Westinghouse. 

The modified high 
Five rods were 

A three-foot long fuel assembly consisting of seven 0. 91" OD stainless steel 
clad, swaged U02 fuel rods failed in a high temperature loop in the ETR. 
The cause has not yet been determined. 

Irradiating U02 having 8.4070 and 11. 25% of total uranium atoms fissioned 
has been found to have melting points of 2760 C and 2660 C, respectively, 
as compared to 2790 C for nonirradiated U02 studied by the same method. 

A purposely defected Zr-2 clad, four-rod cluster U02 fuel element con- 
taining sintered pellets was irradiated in a KER hole for nearly three 
weeks. During the irradiation, essentially no activity was detected in 
the effluent coolant by the gross gamma monitor system. 

U02 powders were sealed in stainless steel capsules with porous end caps 
and high energy impacted at 1100 and 1200 C. At these temperatures and 
attained pressures in the 500, 000 psi range, densities of 99% of theoreti- 
cal were obtained. 

caps, which allowed evolved gases to escape. 

This high density was due in part to the porous end 
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Study of PuO2-UO fuels continued with determination of the distribution 
of Pu02 in cold swaged UO2-PuO2 rods, determination of the absorbed gas 
content of various samples of U02 in preparation for hot swage fabrication 
and sintering experiments. In the latter, Pu02 sintered in hydrogen con-. 
taining more than 2 w/o H20 had an O/Pu ratio of 1. 98, but lower moisture 
content resulted in O/Pu ratios as low as 1. 81. A number of high and low 
density UO2-PUO2 capsules have been discharged from the MTR after 
completing irradiation to 5000 MWD/T. 

2 

A seven-rod Zr-clad PU-Al cluster has successfully completed 65 thermal 
cycles and five to seven reactor scrams in the ETR under conditions ap- 
proximating PRTR pressure and temperature. 

Initial experiments to develop a Zr-clad, extended surface plutonium- 
bearing fuel element fabricated by roll cladding have begun. 
is potentially inexpensive. 

The method 

Experiments with PuC and UC-PuC are continuing. Under high vacuum 
and below the peritectic temperature PuC appears to break down by plu- 
tonium volatilization and formation of Pu2C3.. 

Phase diagram studies of the Pu02-Zr02 system showed that at room 
temperature about 0.5 w/o Pu02 is soluble in Zr02, from 0.5 to about 
40 w/o Pu02 monoclinic Zr02 and FCC Pu02-Zr02 solid solution are in 
equilibrium, and above about 40 w/o Pu02 the FCC solid solution exists. 

Mild fretting corrosion penetrating up to five mils in a vertical zircaloy 
process tube has been observed under semi-prototypical PRTR condi- 
tions at 316 C. The attack does not occur at 20 C, suggesting that true 
fretting rather than simple mechanical wear is operative at the high 
temperature. 

Recent tests suggest that the oxygen content in hot water may be an im- 
portant factor in controlling hydrogen pickup by Zircaloy, higher oxygen 
concentration reducing the hydrogen pickup. 

The first evidence of local heavy hydriding has been found in one short 
section of Zircaloy-2 process tube removed from the center-flux region 
of KER Loop 1. The hydrided region was beneath a localized heavy cor- 
rosion scale, the origin of which is under investigation. 
leaked when pressurized to 5000 psi internal pressure, compared with 
bursting pressures of 16,000 psi or more for other irradiated portions of 
the same tube, and 14, 000 psi for unirradiated controls. 

This tube section 
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A new closure for NPR tubular fuel elements has been developed in which 
a partially copper plated Zircaloy ring is placed in the recessed end of the 
tube, the tube end heated to 730 C, and the fully bonded closure formed by 
back extrusion of the ring and projected cladding stock. 

In tests which were run to determine the probable damage to NPR elements 
during charging, all specimens withstood 40,000 pounds load without failure. 
The closures tested were brazed and welded, flush fitted and welded, and 
recessed caps with welded closure. 

To gain knowledge of the failure mechanism operative in coextruded Zircaloy-2 
jacket material, tube burst tests under various states of biaxial stress were 
made on 3/4" OD Zircaloy-2 tubing. 
stress ratio from 0.5 to 0. 66 reduced the fracture strain at failute from 

Variation of the axial to tangential 

10% to 3.5%. 

A fifth in-reactor rupture test has been successfully performed at the ETR. 
A previously unirradiated NPR inner tube component, defected on the outer 
cladding surface, was ruptured and subsequently operated at full reactor 
power for two hours and 25 minutes before activity in the pump cubicle re- 
quired termination of the test. 

Eight KER-size NPR type tube/tube fuel elements, with the inner tubes 
closed by hot heading and projection welding, and the outer tubes by an un- 
bonded TIC welded closure, have been successfully irradiated and discharged 
after an exposure of 2000 MWD/T. 

Two hot-pressed, aluminum-clad I&E fuel elements, irradiated in the MTR 
to 1400 MWD/T, were destructively examined. 
uranium bond was intact in regiofis of relatively low flux but had failed at 
some points in the high flux region. 

The aluminum-nickel- 

Laboratory thermal hydraulic tests indicate that in the event of complete 
rupture of a front hydraulic fitting of a K Reactor process tube the reverse 
flow of hot water from the rear header would.not be sufficient to prevent 
melting of the fuel element cladding on high pawer central zone tubes with 
present rear header pressures. 

Calculations were made to predict the times associated with melting a fuel 
element should one become lodged in the rear face piping following its dis- 
charge from a K Reactor. 
shut down for several hours prior to discharge, the fuel element would 
melt in a- very short time. 

It was found that unless the reactor had been 
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2. 

An improved type of fast neutron spectrometer is being developed for 
shielding studies. The proposed change in the basic Perlow counter will 
extend the range of this instrument by at least a factor of five in the high 
neutron energy region. 

Samples of EGCR graphite have been measured after four GETR cycles and 
recharged into the GETR for additional irradiation at high temperature. 

Addition of 1w0 partial pressure of CO to helium containing 0.1 mm of water 
vapor effectively inhibits the graphite-H20 reaction at 825 C. 

Chemical Research and Development 

Purex head-end production runs to produce crude Strontium-90 have been 
followed closely with laboratory and hot cell experiments to improve recov- 
ery and purity of the crude. Overall recovery in the last six of the 14 pro- 
duction runs was brought to about 60 percent. 

Installation of the larger scale Strontium purification equipment in A Cell of 
the High Level Radiochemistry Facility was completed and cold runs were 
begun. Experiments in a small column in this cell have shown that with 
use of ethylenediamine tetracetic acid (EDTA), iron loading of the ion ex- 
change resin can be eliminated and the strontium capacity of the resin in- 
creased significantly. In other work, the flowsheet conditions to be used 
in the Hot Semiworks Strontium-90 purification program are being further 
refined. Present concept includes an extraction column, a partition-strip- 
ping column and an ion exchange column. 

Optical microscope observations weremade of the millipore filters used to 
collect particles in the studies of fission product release from air oxidation 
of heated fuel element material. These observations indicate that the ma- 
jority of particles generated are of submicron size. 

The pilot scale facility for investigating the removal of reactor effluent 
radioisotopes by means of aluminum turnings absorption was operated at 
a 6 linear ft/min flowrate as compared to 3.8 ft/min in earlier runs. De- 
contamination factors achieved at the higher flow were comparable except 
for As-76 removal which dropped from 60-70% to 5270. Studies of mineral 
bed absorption of specific isotopes from reactor effluent show promise for 

pyrite, pyrrhotite, calcite, and scapolite for P-32 absorption. Pyrite ap- 
pears promising for As-76 absorption, but not for 211-65. 
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Removal of solids from calciner off-gas has continued to be a problem in 
radioactive waste calcination. 
silicate cloth filter elements gave low pressure drop and ready solids re- 
moval as compared to the sintered stainless steel or ceramic filters previ- 
ously used in the test installations. 

Recent tests with Fiberflax aluminum- 

The first tests with irradiated feed were made of the Salt Cycle Process con- 
cept of plutonium recycle fuel reprocessing. Feed for this High Level Radio- 
chemistry experiment consisted of 440 grams of enriched U02 (1. 6 percent 
U-235) which had been irradiated to 1000 MND/T and cooled approximately 
18 months. Analytical data on the run products are not yet available. 
Qualitative observations indicate that the irradiated material oxidized more 
slowly than unirradiated material in the stainless cladding removal step, 
and that Sb-125 deposited in the off-gas scrubbing equipment in the dissolu- 
tion step. Othelwise the process experience appeared to duplicate the per- 
formance obtained in cold runs. 

Laboratory experiments were completed to measure the absorption by soil of 
radioisotopes contained in organic liquids. In tests with 30 percent TBP 
in a petroleum solvent, the absorption coefficients were found to be similar 
to those measured for aqueous systems. 

3. Physics and Instrument Research and Development 

In the NPR program, analysis of recent experiments continued to obtain in- 
formation on the conversion ratio and preparations for temperature coefficient 
measurements were initiated. 
building encountered difficulties when the customer indicated that the equip- 
ment would have to survive higher radiation levels than previously contem- 
plated. The basic approach to the automatic control problem progressed 
with inclusion of additional complications in the computation methods follow- 
ing completion of a study of the properties of the simpler equations. 

Development of radiation monitors for the 

For the present production reactors, preparations were begun to assist IPD 
in the physics portion of the planning for enlargement of process channels 
and fuel elements in C Reactor. Procurement of materials for exponential 
experiments started. 

In the Plutonium Recycle Program, the Section participated in the critical 
tests at the PRTR through supplying technical manpower and special instru- 
mentation. 
behaviour of plutonium in graphite-moderated lattices and in the debugging 
of the RBU computer code. 
reactor examination of PRTR process tubes progressed with calibration of 

Meanwhile, work continued on improved understanding of the 

Also, development of instruments for in- 

i 25 I1:LCi 
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the gas gap gauge and improvement of the diameter probe. 

Difficulties have been encountered in adapting existing computer codes to 
the IBM 7090 in some cases involving timing of print-outs to internal ma- 
chine operation and some rwriting will be required. 

Major modifications to the PCTR were initiated to allow improved perform- 
ance of measurements of moderator temperature effects, 
was the drilling of ninety-nine new driver rod channels in the graphite stack. 
This work has been satisfactorily completed. 

>\ ' 

Primary work 

Shakedown work continued at the Critical Mass Laboratory prior to start-up. 
Potdn$ial points for leakage of plutonium are either being welded closed or 
placed within hoods. The tamper tank and control rod assembly for the 
reactor vessels are being installed. 

Precision counting of neutrons for dosimetry work took a step forward with 
the completion of three long counters which gave results agreeing among 
themselves to 0.370. 

The accuracy of our mass spectrometry work was demonstrated by the ex- 
cellent agreement of our results with the stated composition of a series of 
standard samples from the National Bureau of Standards, 

Unexpectedly large deposition rates for airborne contamination during very 
stable atmospheric conditions is indicated by the first analysis of data from 
the experimental dispersion program. In the single case analyzed to date, 
96% of the material was deposited in the first 2 miles of travel. 

Orderly progress was made in instrument development programs, including: 
computations indicating that neutron flux monitors containing U-238 in ad- 
dition to a mixture of plutonium isotopes would give nearly constant response 
over periods exceeding a year and for a wide range of postulated operating 
conditions; development of an ultrasonic transducer which may eliminate 
the need for immersing test pieces in water; improvements in the Whole 
Body Counter analyzer; miniaturization of experimental thermoluminescent 
dosimeters; improvements in experimental in-reactor creep measurements. 

4. Biology 

The expanded collection program to help assess Columbia River Hazards 
provided extensive data on fish and waterfowl. Fish flesh appears to con- 
tain in the order of lom3 to pc/g. (Significant variations were found 
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and appear in the monthly report, which should be used for hazard evaluation 
in place of numbers given here. ) 

The watedowl sampling program using duck heads appears a successful 
technique. The average level of beta Contamination was 6 x lom4 pc/g 
and 15 percent of the heads were above 10m4.pc/g. 

Columnaris recovery from salmon and scrap fish fell off with the advent 
of lower river water temperatures. 

Intravenous doses of Sr-90, Ra-226, or Pu-239 in pigs at levels similar to 
those which caused death in dogs at Utah, caused only bone changes in pigs, 
as revealed by radiography. 

Some rather important results were obtained that eventually should affect 
permissible limits for radioactive particles in air and the interpretation of 
bioassay data. . Pulmonary retention of plutonium oxide particles appears 
to be greater at sizes of 1 p diameter than at 0.4 or 0. 2 p. 

plutonium between the urine and feces following malation is also dependent 
on particle size. 

Partition of 

5. Programming 

The "Uranium Cascade Cost" computer program was completed during No- 

vember. The new code calculates the cost of uranium per gram of U-235 

and, in addition, prints out the enrichment cost and feed cost portion of the 
total expense and the ratio of these quantities.. 
that the value of the tails may be non zero. To operate the code, three of 
the four cascade constants (i. e., price of natural uranium, cost of separa- 
tive duty, the tails composition, the value of the tails) must be specified. 
The fourth will be calculated and the cost schedule generated. 

A feature of the program is 

The PUCK code was extensively debugged and updated. This code computes 
the apparent worth of plutonium in a specific reactor and economic environ- 
ment. 
inventory charge, direct burnout charge and fuel fabrication and jacketing 
cost, is calculated for both once-through and recycle conditions. Fuel 
costs as a function of assigned plutonium price are also determined. The 
intersection of the recycle and once-through curves indicates the apparent 
worth of plutonium under the given conditions. 

The minimum total fuel cost, including out-of-reactor and in-reactor 

Substantial progress was made on calculating the value of "idealized" 
plutonium--plutonium having the properties of U-235 except that it is pro- 
duced by absorption in U-238 and can be chemically separated from U-238. 
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This study examines the fact that the value of "idealized" plutonium can be 
based on the price of pure U-235 as determined by the cascade process, 
rather than the price of U-235 at enrichments equivalent to the plutonium 
enrichment under study. 

Assistance was provided in arranging 30 visits to HLO by 180 persons, 
including representatives from 7 foreign countries. Of special interest 
was a team of Euratom Research and Development board members, here 
to review progress in the Plutonium 
also coordinated HLO's activities in 
initial criticality. 

Recycle Program. Programming 
achieving public recognition of PRTR 

TECHNICAL AND OTHER SERVICES 

There are 18 currently active projects having combined authorized funds in the 
amount of $19, 169,000. The total estimated cost of these projects is $21, 013,000. 
Of the eight that are behind schedule, seven are more than three percent behind 
schedule. 

Three new projects for the construction of much needed facilities are moving to- 
ward authorization. These are (1) Biology Facility Additions, (2) Atmospheric 
Physics Facilities, and (3) Plutonium Metallurgy Facilities - 23 1-2 Building. 

The microfilming program is proceeding steadily, with 3906 documents micro- 
filmed during the month. A second auto-scan microfilm reader has been ordered 
and should be on hand shortly. This is badly needed in the 300 Area Files for the 
use of technical people who must now use the microfilmed reports in their work. 

There were no unusual radiation protection problems during the critical testing 
of the Plutonium Recycle Test Reactor. 

Two cases of plutonium deposition were confirmed in November. 
of potential plutonium deposition occurred involving high-level skin contamination 
to a G. A. Jones employee and exposure of three CPD employees as a result of 
nl) head and hand contamination from a leaking process line, (2) head and hair 
contamination during changing of a ruptured glove, and (3: a plutonium contamin- 
ated minor injury resulting from a hand tool puncturing a hood glove. 

Four other cases 

Computer coding for the 2 Plant Information Study is approximately 50 per cent 
complete. 
completed by the end of the year as scheduled. 

Unless unforeseen difficulties arise, this programming should be 

125!';t2 
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A series of response surface experiments designed to locate optimum conditions 
for the canning of four inch I&E enriched fuel elements was successfully completed. 

, 

Solutions to the neutron diffusion equation in several simple geometries were sup- 
plied as an aid in shielding calculations. 

Closed form solutions were obtained to a mathematical model used to describe the 
time and spatial behavior of corcentrations in a long filter column in which diffusion, 
transport, and absorption mechanisms were present. 

A document was issued giving a method of obtaining joint confidence intervals in 
connection with estimates obtained from a multiple gamma-ray spectrum. 

SUPPORTING FUNCTIONS 

Financial restrictions were placed on Miscellaneous Capital Work Orders under 
$20,000 due to a limitation of authorized funds for FY-1961. 
cancelled and several more are being held up bending a review of HAPO requirements. 

Several jobs have been 

Two special requests were received during the month: { 1) engineering services at 
Dugway Proving Ground for the Defense Systems Department, General Electric 

Company, and (2) provide four pieces of zircaloy tubing to Savannah River Plant, 
E.I. duPont. Estimated billing price of each was $500. 

As of November 30, 1960, the staff of the Hanford Laboratories totalled 1379 em- 
ployees, including 656 exempt and 723 weekly salaried. Of the total, 562 possess 
technical degrees, including 335 BS, 123 MS and 104 PhD. 

The medical treatment frequency for November was 1.56 as compared with 1.80 
for the preceding month. There were no disabling injuries or serious accidents 
during the month. 
to date to 31, as compared with 42 for the corresponding period last year. 

There were 4 security violations, bringing the total for the year 

During November 'there was one visit by a PhD candidate seeking employment and 
an HLO offer was accepted by an experienced PhD physicist. Two offers were re- 
jected during November, an HLO offer to an experienced PhD chemist and a CPD 
offer to an inexperienced PhD chemical engineer. Current'open offers include an 
FPD offer to an inexperienced PhD physicist and two IPD offers to inexperienced 
chemical engineers. 

During November thirteen HAPO scientists and engineers participated in Company 
PhD recruiting, and seven BSIMS recruiters visited twenty schools. 
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Two Technical Graduates were added to the rolls and five accepted permanent as- 
signments during the month. At month's end there were 67 Technical Graduates 
on the roll including six members of the Engineering and Science Program. 

A story on Hanford research requested by the Spokesman-Reviewfor their annual 
progress edition was edited and released. 
merce and Industrial Development has requested several minutes of film on HLO 
activities to be included in a new motion picture aimed at bringing new industry to 
the state. 

The Washington State Department of Com- 

Assistance was provided for the publicity of the PRTR criticality. A TV news film 
prepared by Relations with HLO assistance was shown on the Cascade Network. 

There were 14 requisitions received during the month, 14 vacancies were filled, 
1 was cancelled, and 20 remain to be filled. 

Seminars in BOCE, Creative Approach and Understanding People continued with a 
total enrollment of 40 Laboratories employees. A proposed Columbia Basin 
College "Engineering Aid" night class curriculum was reviewed by selected Lab- 
oratories managers and comments forwarded to Relations Operation, Education 
and Training. 

for Manager 
Hanford Laboratories 

HM Parker: WS: dg 
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REACTm ATID FUELS RESEARCR AND DEVELOPMENT OPERATION 

TECBNICAL ACTIVITIF8 

A. FISSI(rJABfiE MATERIALS - 2000 PROGRAM 

1. MECALLURGY PROGRAM 

Corrosion Studies 

J J-- 

Nickel-Plated Fuel Elements. 
a suitable aluminumpretreatnrent and plat- bath composition to yield 
an adherent non-porous nickel plate on aluminum. 
measured by a cathodic testing device which electrolytically generates 
hydrogen op the nickel surPace. 
the adhesion can be msasured by the time and extent of blistering. 
&rent pre treatments and plating baths have produced plates which have 
been 85s blistered after &1/2 hours to plates which show no blistering 
after 24 hours. 

Investigation is under way to determine 

Plate adhesion is 

For a given rate of hydrogen generation, 
Dif- 

A bath composition of 0.1 molar nickel sulfate, 0.3 mlar sodium hypo- 
phosphate, and 0.3 malar lactic acid has been selected on the basis of 
the cathodic testing results for further investigation. 

Effect of cbryg en on Corrosion Product Hydr ogen Pickup in Zircaloy. 
statistical analysis w~8 perfo-d on the percent of corrosion product 
hydrogen piclsup data presented in the October monthly report. The 
analysis shows there is no significant time effect for either static 
or refreshed systems. 
static and refreshed systems are 25.8s aad i3.0$, respectively. 
liminary data indicate that the oxygen content of the water may be the 
controlling factor for hydrogen pickup. 
fact that, although the percent of hydrogen pickup remains constant, the 
concentration of hydrogen in either the static or refreshed autoclave 
system diminishes with time. 
concentration remains constant (3-4 ppm in the refreshed system and 
negligibly low (less than 0.1 ppm) in the static systems). 
therefore, that the axygen rather than the hydrogen concentration is the 
controlling variable for hydrogen pickup by Wrcaloys during autoclaving. 
Additiod work is planned to substantiate this hypothesis. 

A 

llhe best values for percent hydrogen pickup in 
Fre- 

The hypothesis is based on the . 

During the period of the test the oxygen 

It appears, 

Hydriding of Zircaloy-2 in a Simulated NPR Gas Atmosphere. An experiment 
was started in May 1960, to expose Zircaloy-2 coupons (size 1" x 1/2" x 
0.030") with various surPace conditions to a simulated reactor atmosphere 
produced by passing tank helium over 800 C MPR graphite and then over the 
Wrcaloy samples. 
to give small amounts of carbon monoxide and hydrogen. 
(volum percent) averaged about 99.8s He, 0.02$ H2, and O.Ol$ CO. 
content was about 30 ppm by volume (0.003 vol. $). 
hydrogen pickup results listed in the table below, it is concluded that 

- 
Traces of water in the heldum react with the graphite 

Gas analyses 

From the low percent 
H20 
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little or none of the hydmgen in the envirawmt was absorbed by the 
sanqjea. 
been expected for an equivalent mosure in water or high pressure steam. 

!Fhe corrosion weight gain values are lower than wad have 

Reviaus data from this experiEnt appeared in the August 1960 monthly 

report. plis -t has been conkluded. 

Seace 

Vapor blaeted 

Etched & auto- 
&ami in 400 C, 
1500 psi stem 

scratched 

Etched ally 

ut. Gain 

H(ppm) 
e 

e. Gain 

e m= 

350 C 400 C 
Tine7Day-s 

23 40, 45 a4,02 

3 5, 9 0, 9 
5 10, 20 0, 40 

u. 9 35, 38 
5 
7 

10 
18 

Effect of? Hp Pressure on -ding of Zircaloy-2. A series of etched, 
vacwm-annealed Zircalay-2 c6upaas was exposed at 4-00 C to mixtures of 
water vapor and hydrogen to determine what effect, if any, hydrogen 
pressure has an the rste of hydriding at constant water vapor pressure. 
Testa were conducted-at 0.1 and 0.5 nun &O vapor partial pressure, and 
10, 25, and 400 DPP of & pressure. Eramrtnntion of the data at 0.5 mm &O 
indicates that about five ppm hydrogen was picked trp in the first two to 
six hours, but then hydriw essentially stopped. !&e weights continued 
to increase as the sample8 oxidized and the resulting decrease in percent 
theoretical hydrogen absorbed indicates that not even much corrosion 
product hydrogen was picked up by the s-es after the initial period. 

Ihe data from syatems containing 0.1 nun of water vapor indicate somewhat 
higher initial hydrogen pickup (about 15-20 ppm) during the first few 
hours of test. Analyses of sauples with longer exposures indicate no 
appreciable further hydmgen pickup up to 115 hours. (kidation rates at 
both 0.1 and 0.5 mm are similar to those observed 
400 c. 

Badiametallurgy Laboratory Studies 

Revated teqerature tensile tests were completed 
two midated thorium speci-. Considerable 
enced in welding platinum strips to the specimens 

in 1500 psi steam at 

on four irradiated and 
difficulty was experi- 
and deformation was 
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finally measured by mans of cross-head travel (RM-501). 
long, enriched tube-and-tube elemmts were visually examined; the un- 
Uoyed uranium was slightly bumped while the two w/o zirconium alloy 
saqles were smooth. No evidence of clad necking has been found on either 
piece (Rd-572). 
out-of-reactor loop water to determine the crud filmbuildup in an intense 
gamma field. 
thickness of the film was Ipeasured and determined to be O.OOO4 inch (-335). 
Four annealing runs on uranium samples with high and low irradiation ex- 
posures were made during the month as a part of the swelling program. 
Annealing times of one hour and 100 hours were used at both 400 C and 

Two, 18-inch 

An aluminum-clad irradiated I&E element was exposed to 

Samples of the crud film were removed for analysis. The 

500 c (RM-265). 

Metallographic examination of the KER Loop 1 tube section (No. g), which 
had burst at less than 5000 psi, revealed severe hydriding of the Zircaloy-2 
had occurred under a thick layer of the zirconium oxide on the inside sur- 
face of the tube. The eight-nil thick oxide layer extended for two inches 
longitudinally and one and one-quarter inches circumferentially at one end 
of the tube section. The msxirm~m hydride concentration was found near 
the inside surface of the tube 
be in excess of 1000 parts per 

Results and interpretations of 
more detail in connection with 

under the oxide layer and was estimated to 
million hydrogen (RM-330). 

these examinations will be reported in 
the respective development programs served. 

Basic WWurgy Studies 

Bchanical and Phys ical Properties of Materials. 
conium - 2 a/o niobium - 2 a/o tin alloy for fuel element cladding appli- 
cations has continued. Heat treatmts designed to simulate the material 
condition expected in the cladding of beta treated fuel elements have 
been applied to zirconium - 2 a/o niobium - 2 a/o tin alloy~.speCimens. 
Be heat treatments given consisted of oil quenching from 660 C, 700 C, 
740 C, and 780 C after a suitable holding time at temperature. Tensile 
tests conducted at 450 C show ultimate strengths of 62,800 psi to 54,000 
psi and 0.a yield strengths of 38,900 to 34,000 psi. The high strength 
va3ue corresponds to material quenched from 780 C; the low value corres- 
ponds to material quenched from 660 C. 

Corrosion studies in 600 F water and 750 F steam have continued. 
day weight gains in 680 F water range from 78.5 
14-day weight gains in 750 F steam range from 107.1 mg/# to 147.2 mg/&. 
The largest weight gains correspond to the highest solutim temperature; 
the lower weight gains correspond to lowest solution temperature. 
surface layer which forms in these corrosion tests is grey in the early 
part of the corrosion tests and lightens as the test proceeds. 

The evaluation of zir- 

to 116.8 mg/dm , 

The 

Electron and Optical Microscopy. 
ding and fuel materid before and af'ter irradiation is a direct way of 
detecting radiation induced damage in these materials. Thin fibs and 
foils suitable for electron microscopy offer advantages, since radio- 
activity hazards are minimized. 

The study of r;he microstructure of clad- 

The rirst three capsules from a series 

12511;l-i 
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of eighteen, irradiated to an exposure of 1 x la9 nvt Fn a Snout Facility, 
have been received. 
missian electron microscopy to establish changes in microstruc-;tlre. 
Fission fraepIlent damage in metallic and nan-metallic thin films has beer 
observed by transmission electron microscapy techniques. 
radiations designed to establish similar information oc bulk specimens 
has begun. 
by 0.25'' in length, was polished to yield a smooth surface. 
coatings of plastic and of carbon were applied to the specimens, and a thin 
coat- of U@ was evaporated on the plastic layers. 
the plastic layer will be dissolved from the aluminum to free the UQ. The 
alunhm gins will then be monitored by gamma ray spectrometry for iden+i- 
fication of fission produats, and then the surface of the aluminum plug 
will be evnmined by mica techniques for fission tracks similar tc the 
previous work on thin films. In addition to these experimts, foils of 
alu;minum were thinned to approximately 1000 A thickness. 
particles were deposited an the aluminum, and the foil was then shadowed 
with a thin film of U%. These specimens will be examined after irradia- 
tion for evidence of fission f-nt damage in areas devoid of the U@, 
and possible perturbation of dislocation motions due to damage associated 
with the fission fragEnt .bombsrdment. 

The thin foil specimens will be studied by trans- 

A series of ir- 

A transverse face of an aluminum cylinder 0.25" in diameter 
Various thin 

After irradiation, 

Carbon black 

Dtvclopxtt of a standard, routine method for thinning zirconium an& 
arcalay-2 foils to apgroximately 100-2000 A thicknesses has coctinued, 
but the results are non-reproducible and erratic. 
foils or inherently high aide contect in the foils poses a prablep. 
reported previously, Zircalay-2 foils thinned elactrolyticslly E- 

vesled what appeared to be a fine distribution of second phase cozstituem, 
which formed repeatedly on all specWns. Strangely er,ough, zirconium foils, 
thinned in the same ~BSIIRF, also shm the samp type of second coayi-henz 
dispersion. 
stituent is produced during specimen preparation and that it is mt, as 
first surmised, a peculiari* of Zircalay-2. 

Oxide fo-matim oc the . 
As 

The conclusion, therefore, follows that +&e secoEd phasa COL- 

X-Ray Diffraction StudAes. Orientation of extruded rrranium tubes ac3. 
rods with YBSIQUB heat treatment histories is being determined by se-eral 
x-ray nmthods. Nine pole figures for the planes (023), (U2), (110)) (2COil 
(la), (OP), (002), (ll3), acd (U) have been obtained from a 3.2" ai- 
ameter hemisphere mschined from a segment of mpR coextruded tube. These 
pole figures provlde a self-consistent picture of the orienta5ior io tha5 
sample. 
an advance over past techniques. Other techniques require from 
7-11 samples. The technique is being used to study the! variatiozs ia the 
orientation of as-extruded and heat treated uranium. Circumferenfiai vari- 
atlan along a ring cut from an extruded tube is presentiy beiq examined, 
Preliminary evldence based upon data taken fromthree samples 120J 150, and 
90' around the circumfsrecce of an as-extruded tube (FII) Br5rsior. Nc. 7, 
108' from end) shows that the shslpness of the 510 axial ts-hre doee v&*jr. 

'Ihis variation is being checked and is believed to result frcn (i> varia- 
tions in starting texture of the billet, or (2) arisotrqic hest tracsfsr 
conditions during fabrication. 

This method of pale figures based on use of cne sanpLs represents 
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Solid State Reactions. 
effects of irradiation on non-fissionable materials. 
of irradiated molybdenum are being carried out in order to investigate 
the nature of the damage and to obtain information on the behavior of 
various types of lattice disorder. 
on the annealing kinetics of irradiated molybdenum has been observed, using 
x-ray diffraction. 

In the case of molybdenum irradiated to exposures of 

No decrease is observed in this temperature 

X-ray diffraction is being used to study the 
Annealing st-adies 

An effect of total neutron exposure 

An annealing process was actually suppressed by in- 
ed neutron dose. 

ing between 50 and 200 C. 
range u on annealing molybdenum previously irradiated to exposures of 

interstitial clusters during irradiation. 
posures has tied up a fundamental defect (interstitial) produced during 
initial stages of irradiation. 
stable and does not anneal out until high temperatures are reached. 

Id. ""r and 1d-9 nvt, a large decrease in lattice parameter occurs on anneal- 

5 x Id- 8 nvt or greater. This behavior is explained by the formation of 
The irradiation to higher ex- 

This results in a type of damage that is 

ktallic Fuel Develapment 

Tubular Fuel Elements. 
natural uranium elements made up of hot headed projection welded KER inner 
size and unbonded TIG welded KER outer size tubes has been discharged 
mer an average exposure of 2030 WD/T. 
68 kw/ft, and the meximLull was 78 kw/ft . 
288 C outlet and 233 C inlet. 
was 500 C. 

A production test of eight, 20-inch I-, Zr-2 clad, 

The average specific power was 

The estimated maximum uranium temperature 
Bulk coolant temperatures were 

This represents the first irradiation of the hot headed projection welded 
closure of a tubular geametry and the first in which the projection weld 
has not been backed up by a fusion weld. 
irradiation of az~ unbonded TIG welded closure-on Zircaloy clad elements. 
Preliminary inspection in the KE basin shows no corrosion of either the 
projection welds or the TIG weld. The projection weld crevice, a point 
of concern, appears as clean and black as at charging. Sonu! bumping of 
the clad surface is evident, and at least one element appears to have minor 
pitting corrosion. 

It also represents the first 

The inner component of NPR prototype fuel elements has been under test in 
XER Loop 3. 
The total exposure will have reached 1600 WD/T by month-end. 
are coextruded, clad with 0.020-inch thick Zircaloy-2, and have a 1.430- 
inch 
80 kw/ft, with maximum fuel temperature slightly in excess of 500 C. 

The test includes four inner components of 16-inch length. 
The elements 

and 0.520 inch ID. The power output from these elements is about 

An additional 18 Nm( inner tube fuel elements were completed during the 
month. Nine of the elements have 0.030 inch thick outer clad and nine 
have 0.020 inch thick clad. 
The fuel element supports are made of steel and are stud-welded to the 
clad with Zircaloy-2. The autoclave surface film on the fuel clad and 
on the end closure welds is of extremely high quality. 

All have chem-milled and welded end closures. 
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During the second week of Ro-er, two KEZ loops were charged with ICER 
slngle tube size fuel elements. These fuel elements are 1.G enriched, 
clad with 0.027 inch of Zr-2, closed with %-Be eutectic brazes, and 
supported by mild steel supports attached with 22-2 studs. 
conditions of these elements will be prototygical of NPRtube-tube fuel 
elements. 

Cwted elements for PT-Ip-364A were shipped to the KER facility to 
await tube loading. 
elements with a 2 w/o zirconium - 1.G enriched uranium core. 
alloy is 84 2-2 + 12 Fe + 4 Be. 
with two tube-tube assemblies retained as spares. 
tubes were made available 88 heater elements for PT-IP-a6A, Supp. E, a 
test intended to detect possible crvd formation. 

Operating 

Goal exposures are lo00 and 3500 MJD/T. 

!this test is a brazd closure on KER size tube-tube 
The braze 

Five tube-tube elements were shipped 
B addition, four outer 

Tvo brazed closure IVPR inner elemcnts were placed in the MPR 3p= Noveniber 14, 
1g60, for a single ewe & irradiation. 
specific pmr of 104 kw/ft and would test the stability of an element 
with a brazed closure using an 84 Zr-2 + 12 Fe + 4 Be braze Uoy. Shortly 
after startup, high activity was observed in the loop and the test was re- 
moved from the reactor. It is possible that this high activlty was due to 
carrg-over from a previous mpture experinwt which used the s8me in- 
reactor tube. Basin examination of the elements through the periscope did 
not show any si- of elenmnt failure. 
reactor at mid-cycle shutdown to determine definitely if the high activity 
was due to carry-over from the previous ruptuz1.e. 

'phis test was to aperate at a 

The tube will be replaced in the 

A fifth In-reactor rupture test has been performed a* the ETR zder condi- 
tiam closely approxlni%t,bg HPR conditions. In this test a previously un- 
irradiated blpR inmr tube fuel element, defected on the Outer cladding 
suface, was used. Three minutes after the defect cap wa8 shared off, 
the gross gama monitor began to rise gradually. 
the delayed neutron monitor and the gazzuua scintillation countem began to 
rise slowly. me gama scintillation counter continued tc rise slawly 
but at an ever increasing rate, until two hours and twenty-five miriu~as 
had elapsed. At this time +h activity in the heat exchangsr piping ir; 

the loop cubicle had reached the level at which the test was to be tirain- 
ated. 
sheared off was considerably lasger than in the fourth nipture oest. In 
the fourth rupture test a previously un-irzadiated KER-size otiter slibe 
was imadiated for thirty-three minutes after the lefect cap ws shearsd 
off. 
ellared to reach the same level in each tes5 before the reaczcr wa~ 
scIggpped to terminate the test. 

After forty-six minu*es, 

The tim? of upration of this element mer +he defect cap wa3 

The activity in the heat exchanger piping in the loop cubicle was 

Fuel for -sent Reactors. RadiaetaULwgical exauuna ' tion has 5een esaen- 
tially c-eted on two hot-pressed, dumkum clad %el elensnta. Wse 
elements were irradiated in the MCR as test GEH-4-57; 58. 
power was 142 kw/ft and the exposure 1400 W/T. 
showed no visual evidence of damage. bktallurgical examizstioc. showed 
several important irradiation behavior characteristics of the nickel bond. 
First, in the high flux region some diffusicc. of the aluminum icto the 

The ssecific 
Examination upm discharge 



nickel diffusion barrier occurred, resulting in a thickening of the Ni2Al.3 
layer. Second, in the high flux region the clad separated fromthe uranium 
in several spots. These areas were associated with areas of a high concen- 
tration of pits in the uranium. 
the uranium. 
where the two elements were butted together. 
diffusion closure showed no sign of failure or unusual behavior. 
ium core was in excellent shape with only one area of cracking. 
curred on the internal bore of the hottest element but ended at the nickel 
diffusion barrier. 
transverse cracks were observed in the NiN3 layer of the diffusion barrier. 

Third, the end caps had pulled away from 
However, there was no indication of hot spot behavior even 

Fourth, the double worked 
The uran- 

This oc-- 

The cracks did not penetrste the nickel layer. Some 

Conrponent Fabrication. 
0.430 ID with 0.040 inch outer clad and 0.030 inch inner clad were pro- 

Test elemznts of NPR inner tube stock 1.263 CID x 

cessed for a variable heat treatment test to be irradiated in the & Loops. 
@i6-:serOions were heat treated with varying quench and cooling rates. After 
heat treatment the elements were cropped to 15-inch length with the balance 
of each section used for characterization of the heat treatment. The ele- 
ments were sealed with unbonded end closures. The fourteen elements were 
nondestructively tested for unbond and clad thickness before autoclaving 
and were aD and ID autoradiographed to show clad thinning. 
fects were noticed in these tests. 
welded on and the elements were autoclaved 72 hours in 400 C, 1500 psi steam. 
Zircaloy-2 sleeves have been prepared for adjusting water velocity for some 
irradiations in the I(ER Loops. These will have Zircaloy-2 supports with 
steel shims. Calculations are being made for irradiations of sone of these 
elements in the ETR 3x3 Loop in the event that charging in the KER Loops 
cannot be accomplished. 

No unusual de- 
Wrcaloy-2 supports (four at go0) were 

The crimped steel shoe over a Wrcaloy-2 support has been selected as the 
candidate support for the outer tubes of the first NPR loading. 
of this support shows the steel to be very tightly attached to the 
Zircaloy-2 shape. 
300 to 400 pounds per support. 
(center of support touches the element), the collapsed height of the 
support is appraximately 0.075 inch. 
type of support, was drawn through a tapered tube -bo collapse the supports 
under dynamic conditions. 
mode, but none of the steel shoes were dislodged. 
dry contact with the tube shifted reamard about 1/8 inch. 
water lubrication did not shift. 
necessary to pull the dw element through the tapered sectior, of tube. 
The non-scratching properties of the support were good. 
on Weber's apparatus, and none of the samples scra%ched during normal test- 
ing on runs of 2l.7 feet. 
feet before wearing through the iron shoe. 
determine effects of radiation, decontamination, and storage. 

Testing 

Static loading indicates the supports will carry from 
After failure by buckling ir the first mode 

A dunmy fuel element, bearing this 

The supports were fully buckled in tne first 
The shoes that were in 

Those that had 
Approximately 2000 pounds force was 

Testing was done 

Q1 run to failure tests, the samples ran1540 
Fur+,her testing is planned to 

Steel self-supports were installed on two types of KER Loop charges. 
first was NFR inner with welded closures and the second type element was 
KSE-3, =-size single tube 1.6 percent enriched with brazed closures. 
The KSE-3 elemmts were charged in Loops 2 a.nd 4 on November 11. 
supports were steel strip attached to the jacket with Zircaloy-2 studs. 

The 

The 
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TWO zircalay-2 billets XC~C extruded into 1-1/4 inch m by 518 inch ID 
tubes at 811 extrusion ratio of 13.7 to 1. The billets were fabricated 
from a 348 inch dismeter Zircaloy-2 forged bar. Lenghhsoof the bar 
were upset to a four-inch diamter at 700 C for the extrusion billets. 
h billet was beta heat tmated by heating to 1050 C and holding for 
30 miwrtes. Both billets were vacuum canned in copper. 

!!he non-heat treated billet was extruded at 730 C. 
was very raugb with large longitudinal grooves on the surface which am- 
ently lrsulted from the forging memory in the billet. 
samoth on the extrusion fram the beta heat treated billet, which was ex- 
truded at 750 C, shuwing only fine striations from the large grain size 
in the billet. 

The extrusion CID surface 

The Q) surface was 

A new lubricant called "Crawford Necrolene" was tried on the extrusion 
maudrel of the heat treated billet and appeared to provide adequate 1- 
ricatiaa for the mulilwl. Considerable copper was noted seized to the 
mndrel after extruding the non-heat tdted billet using the usual heavy 
oil dag lubricant. 
adequate at billet tempererhares above 620 C and at higher extrusion ratios. 

The usual die and billet lubrication appears not bo be 

Closure and Joining Atte~pts to bond a Zircalay-2 cap to the uranium 
surface in the projectim welded brazed closure have produced some very 
encowaging results when using a Zr-2 - 4 Be - 8 Cu braze material snd 
when brasing the cap directly to the uranium without any braze material. 
ms cloeure consists of projection weldiq a 1/8 inch thick Zircaloy-2 
cap directly onto a projected cladding ring produced by acid milling 
approxbstely O.DW inch from the end of the rod. !The pressure is main- 
teed and the power continued for several cycles after the initial pro- 
jection weld in an effort to resistance braze the cap to the uranium. 
Initial work is being dane on rods due to the limited capacity of the 
available welding machine. 

A bond between the cap Etnd the dum suxface was obtained uskg a thin 
layer (0.004 to 0.008 inch layer) of -100 mesh particle size Zircaloy-2, 
Be) Cu braze material. Results indicate the braze material must be thin 
and very evenly distributed and the pressure must be maintained for a 
short coollng time after the brazing power is discontinued. 

Work in brazing the Zircalag-2 cap directly to the uranium has resulted 
in an appsrent lOO$ bonded surface which could not be broke= by the usual 
destructive tests. However, the high temperature obtaked in getting the 
bond resulted in a large heat-affected zone in the uranium axxl small voids 
In the uranium. This heat-affected zone can be minimized reducing 
power input and by finding the proper electrode shape to give praper heat 
distribution. 

One rod closed on both ends with the projection weld brazed closure was 
given a 62-hour autoclave test (1500 psi at 400 C) which showell the pro- 
jection weld to be sound and apparently free from contamimtion. 

, ._ .* ..qp , . .. - .. 



A number of welds placing a layer of filler =tal over the braze area have 
been made. 
to dif-ion of the braze through the molten weld =tal during welding. 
the welding procedure becomes mre refined, it is apparent that the braze 
width is a major factor in obtaining a satisfactory, braze-free weld. 
-re appears to be a limit to the width of the braze over which a weld 
bead can be placed without braze contamination. This width is in the 
neighborhood of 10 to 15 mils. When the braze width was below 10 mils, 
braze-free welds have been made. In continuing the evaluation of this 
method as the final one for NPR fuel elemnt closure, it appears that the 
braze width should not exceed 15 mils. 

The majority of these welds have had braze contamination due 
As 

ktsllographic examination and dissection of specimens made up with extru- 
sion closures containing various bonding mdia were carried out as outlined 
below: 

a. 

b. 

C. 

d. 

- 

Iron-Faced Nickel Cup Between Zircaloy Cap and Uranium 

Fabrication and surface preparation of components for this 
closure system are considerably more difficult and demanding 
then for the copper-faced cap. Whether because of inadequate 
preparation of the nickel surface, or for some other cause, 
the bonding between the Zircaloy cap and the nickel layer was 
found to be spotty in the specimen studied, and strength of 
adherence was law. 

Wrought Copper Cup Between Wrcaloy Cap and Uranium 

This cup is formed from O.OO3" sheet. 
ation of the interfaces of processed specimns showed good 
bonding both at Cu/Zircaloy and at Cu/U faces. 
the bond strength was found to be fair. Electrographic tests 
of the lpechanically separated surfaces showed that copper had 
diff'used into both uranium and Zircaloyto a slight depth; the 
cu/U bond was stronger than the Cu/Zircal.oy bond. 

Metallographic examin- 

By chisel test, 

Thin Copper Plate on Zircaloy Cap Face and Side Walls 

Using an alkaline copper electroplating bath, the Zircaloy caps 
are plated to the desired height up the side wall by suspending 
them to a controlled depth in the bath. 
is simple but exacting, as are the plating conditions. 
chisel test, the bond strength is much greater than that of 
the wrought cup closure. This approach appears to give the 
best results of the several tried. 

Pre-plating preparation 
By 

Thin Tin Shim Between Zircaloy Cap and Uranium 

The Zircaloy cap, tin shim, and uranium faces were cathodically 
etched in vacuo prior to assenibly, to insure maximum surface 
cleanliness. 
showed spotty alloying between the tin and the Zircaloy and 

Metallographic examination of a processed specimen 

DEC D 
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uranium, respectively. !he tin, when pressed while in the 
liquid state, flowed readily, to collect in pockets at the 
interfaces between components, leaving unbonded regions 
interspersed among these pockets. Tin appears to be an ufl- 
promis- material for bonding the cap to the uranium core. 

Two principles emerge from these experiments: 

1. Successful diifusian bonding between Zircalay and uranium 
requires a bonding medium which fom a eutectic alloy with 
the substrate coslponents at teqeratures not faz above the 
processing teqerature (730 C). 

2. Regardless of the bonding medium used, chemically clean 
interfaces must be provided if adequate bonding is to be 
obtained In any case. 
with respect to allaying, the more important absalute 
cleanliness became8 . 

The more perverse the bonding -dim 

Projection welw tubular end closures is being carried aut at Sciw 
Bros Los Angeles laboratory, under DDR-84. Ten IOPR inner size tubes 
headed on both ends were shipped for further weld studies. 
not reactor quality extnrsians because of poor clad bonding, but will be 
used to arrive at proper welding conditions. 

Theee are 

A monotube charging machine will be used with the NPR. 
resist axial compression during charging. 
inner tubes were tested for resistance to damage from axial loading. 
were mn on six specimens. Two were brazed and welded, one was a flush 
fitted and welded cap, and three were recessed caps with welded closure. 
All of the specimbns withstood 40,OOO pounds load without failure. 
the recessed end cap spec- suffered a slight permanent compressive 
strain. The brazed specimens had good surface appearance after testing 
but have not yet been examined for internal cracking. 

The elemects must 
Several types of closures on IWR 

Teses 

One of 

Work an the design and testing of a pinning device for axial restraint of 
the MPR fuel denents is under way. 
baded pinning devices are simple sheet metal stampings of the flush end 
plate type. A third method of mounting the support (spider) vlth a pro- 
jected welded stud that is riveted over to hald the spider will be tested. 

The spot welded or mechancially 

A clamp to hold NPR fuel elements onto a variable "g" testing machine is 
being buil+,. 
LLumber of cycles at a given acceleration tha2 supports will withstand. 
kceleratian, mostly in the range of 1 to 15 g, wfll be made in both the 
axial and radial directions. 
strength of the spider to resist *act loads during charging. 
accelerations should indicate the ability of these supports to withstand 

Assembled fuel elements will be tested to ascenain me 

The axial accelerations should test the 
The radial 

shipping conditions. 

Allied Fuel Studies. 
result of localized clad straining have occurred in NaK capsule and high 

Fsilures of &-2 clad uranium rods and tubes as a 
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temperature recirculating water loop irradiations. 
the fuel elements, the same mechanism is operating in these failures. 
establish the effects of cladding thickness variations on the susceptibility 
to failure, a series of NaK capsule irradiations of 23-2 clad fuel rods is 
planned for the HanforcL reactors. Variables of cladding thickness, clad&ing 
thickness uniformity, temperature, and exposure will be investigated. An 
etching technique was worked out to apply a grid of 150 squares to the 
inch on the cladding surface. Comparing the pre- and post-irradiation 
grids will give information on the amount of uniform and localized clad- 
ding deformation. 

Fromthe appearance of 
To 

btallographic studies have been completed on the thirty samples of NPR 
inner tube (20-m~. outer and inner clad, 1.420 inch CD, 0.513 inch ID) 
which underwent various beta heat treatments. Of all the heat treatmmts 
studied, in general those involving a quench into the low temperature (250 
to 400 C) nitrate salt bath gave the smallest and most uniform grain size. 
In particular, 10 minutes at 730 C, followed by a 20- to 30-second air delay 
and a quench into 250 C nitrate salt bath appears to constitute the optimum 
heat treatment, from a grain size and uniformity point of view. 
sults on the preferred orientation of these samples have not yet been re- 
ceived. 

X-ray re- 

Since all the prevlous heat treatmnts were perfornred on single samples, it 
was desired to see .what degree of reproducibility could be obtained in a 
given heat treatmnt, sad also what effect small variations in heating and 
quench bath temperatures would have in the final product. Groups of three 
to five sanples of mpR inner tube (30-mil inner clad, 3841 outer clad, 
1.263 0, 0.4s n>) were each given a different heat treatment involving 
beta temperatures of 710, 730, and 740 C, holding times of 10 minutes, air 
delays before quenching of 20 seconds, and quench temperatures of 250 C and 
300 C in a nitrate salt bath. 
showed fairly good reproducibility. 
mine grain size and uniformity are being conducted and samples are being 
prepared for x-ray studies of the degree of preferred orientations. 

Cooling rates of samples within each group 
Metallographic examination to deter- 

Tube burst tests under various states of multiaxial stress were made on 
3/4-inch di-ter Zircaloy-2 tubing. 
for coextruded Zircaloy-2 jacket material nGw ready for testing. A 150 
mesh screen was photoengraved on the surface of the specimens before test- 
ing and plastic strain after testing was determined fromthe distortion of 
the screen. 
stress considered positive) were investigated. The fracture straio for 
internal pressure only, an axial to tangential stress ratio of 0.5, was 
ten percent. Although all of the specimens were not fractured, the tread 
of the strain data was for a min- in fracture strain to occur wher; the 
axial to tangential stress ratio was one to one. The fracture strain was 
3.5 percent when the stress ratio was 0.66 contrasted with 10 percent when 
the stress ratio was 0.5. No localized necking as observed in fuel jacket 
failures was observed in these specimens. 

These tubes were used as a stand-in 

Axial to tangential stress ratios fzom t.wo to -0.25 (tensile 

If the uniform straining of the outer surface cladding of a fuel element 
c8zl be reduced, the probability of cladding failures due to excessive 
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localized straining should be reduced. 
uranium fuel elements with Zircaloy cladding was written. The computer 
program for this miel is "de-bugged", and several exasllple calcuiations 
were run. 
limited by increasing outer cladding thickuesses. 
outer cladding increases with increased swelling. The assmd strength 
of the fuel material vas -led without greatly altering the annunt of 
exterior cladding needed to restrict exterior circumferential straining. 
Since the interior cladding is undergolng large coqressive strains, -it 
offers high resistance. 
tive as increasing outer cladding thicknesses in limiting the exterior cir- 
Clmmrential strain. 

A mathematical model for tubular 

The results indicate exterior cladding deformations can be 
benefit of thicker 

Decreasing inner cladding thickness is as effec- 

Constant load tests are in progress on uranium samples undergoing large 
taperatwe cycles. 'Ilhe anisotropic thermal expansions of the uranium 
hae increaaed deformation rates under the constant load caditions. A 
sgeciman loaded to 10oO psi and cycled between 150 C and 435 C strained 
-1.4 percent mer fourteen temperature cycles. lphe mean strain per 
cycle was 0.g5 percent. A specimca loaded to lo00 psi and cycled be- 
tween 150 C to 350 C showed no appreciable straining per cycle during ten 
temperature cycles. 

Jktallurgical Oevelopnrent. A series of .l3 zirconium base allays are being 
malted and fabricated for the Coatings and Corrosion group. These alloys 
are to be double vacuum wc melted and fabricated to 0.O3O" sheet. 
prbmq melting of four of the alloys has been completed. 
trodes axe weighed, cosrpacted into 1-1/2" octagonal x 12'' long bars, 
welded together by electron beem, and melted in the arc furnace using a 
2*9" di-ter crucible. Melting takes place at 10-25 microns, 30-35 volts, 
and 1400-1600 amperes. 
conplete the melting of a l3-lb hgot. 
forged to 142 diameter electrodes and remelted in the same 2.9'' diameter 
crucible. 

The 
FWtmary elec- 

Approximstely four to six minutes are required to 
!5e primary ingots will than be 

lppR secondary Cooling Water. 
determine whether gamma radiation from the IQPR primary coolant should 

A brief literature search was conducted to 

came breakdarn of nrorpholine or hydrazine in the secodazy coolant in 
the primary heat exchangers. No data were found ori morphdine; hawever, 
published informstion indicat;es no serious decmposition for -azine. 
At a concentration of 0.2 ppm hydrazine and a pH of 9, the predictea de- 
composition rate is 0.18s per day, with decermposition products reported 
as NE, H2, and IiH3. 
250 m/hr from the N16 present in the primary coolant. Ganrma tests will 
be conduc+A at Haafozd on morpholine decomposition if no off-sit5 in- 
formtion can be found. 

!Phis rate applies for an estimated ganrma flux of 



~ 

A-13 

Fretting Corrosion. A test was initiated at 20 C and a pH of 10.0, using 
LiOH for pH control, to evaluate temperature as a variable in Zr-2 fretting. 
Two vertical assemblies identical to those used in previous tests were ex- 
posed at 15 and 30 fps using both natural loop vibration and an applied 
vibration of three cps to promote fretting. 
the asseniblies were examined and found to have only minor penetrations 
(less than 0.1 mil). 
tions of approximately two mils. This is interpreted as an indication 
that the testing has been measuring a true fretting corrosion phenomenon 
and not simple mechanical wear. 
Fn operation for an additional two weeks. 

After two weeks of testing, 

Comparable testing at 31.6 C had produced penetra- 

The low temperature test will be continued 

Detection of Fretting by Analysis for Zr-95. 
charged into KEZ-3 on August 9, and analyses of the loop water for Zr-95 
have been made as a measure of fretting corrosion. A definite increase 
has been noted in the magnitude of Zr-95 present compared to the period 
when the sample was not charged. 
probably because the Zr-2 is not corroding at a uniform rate but has ranged 
from five to 100 times higher than during the control period. 
of the specimen will be made after discharge. 

A Zr-2 fretting specimen was 

The Zr-95 activity level has been erratih, 

Examination 

Fuel Rupture Tests in ELMO-4. 
core mxi high carbon core uranium metal fuel rods at 200 C, 15 fps, and 
1700 psi for comparison with similar rods run at 300 C. Four of the Zr 
alloy core rods (two with 2 w/o Zr and two with 1 w/o Zr) did not exhibit 
any indication of rupture mer 10 hours. Comparable rods previously r.'~? 
at 300 C first showed nrpture indications after two hours. 
with high carbon content (two with 62 ppm C and two with 1675 ppm C) were 
run for six hours at 200 C with no noticeable rupture. 
eight hours, one of the high carbon and one of the low carbon rods had. 
ruptured with a typical 3/8" diameter raised and torn mound. After 10 
hours total exposure, two of the rods still had not ruptured. 
62 ppm C rod had a tremndously large ruptured area masuring 1-1/2 inches 
in length by 1-3/8 in width. 
creased in dismeter from 0.59 inch to 1.37 itches. Be 1675 ppm rod had a 
ruptured area about 1/2 inch x 5/8 inch. 

Several test runs were made with !&-alloy 

Four other rods 

After a total of 

The other 

One item of note is that the rod had in- 

Rupture of Irradiated F'uel Element in lRP. 
300 C was made in IRP employing a 20-mil coextruded Zr-2 clad umnium rod, 
beta heat treated, 1.G enriched. It had been exposed to about 2200 MWD/T 
in KER-2 at nearly 300 C. 
hour after first indications. 
activity readings necessitated a rapid cool down. 
ated, and the rod again ruptured but only for an additional 20 minutes 
before it was necessaryto shut do=. 
most of the rupture products, was plotted versus time adding the lasr 20 
minutes to the first 30 minutes. A good continuous curve was obtained. 
As suspected, the rupture rate was increasing significantly with time. 
to about 30 minutes, the maxim rate was about 450 mr/minute. 
however, between 40 and 50 minutes gave an average rate of 840 mr/minute, 
almost a LO@ rate increase. 
rupture proceeds around the rod, effectively decladding the ura;cium. The 
rate increase is attributed to this increase in exposed uranium surface 

An isothermal rupture test at 

It was planned to rupture the e1emer.t for one 
However, after 30 minutes, the tigh loop 

The loop was decontamin- 

The filter activity, which retains 

Up 
The interval, 

Previous tests of irradiated rods show the 
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AltrmFmrm Nitrate Production Test. The effects of aluminum nitrate water 
treatment on film formation may be significant. The H Reactor is pres- 
ently operating with one-half of its cooling water treated with aluminum 
nitrate, while the other half is still treated with aluminum sulfate. 
The original objective of this test was to fiad ways to reduce effluent 
activity. 
fuel mts sad process tubes discharged fram that po~ion of H Reactor 
cooled with Al(103)3 treated water. 
treated water) show the characteristic reddish brown film, while pieces 
cooled with aluminum nitrate treated water shar no colored film at all. 
However, the significance of this film difference is not clear, because 
amthem important variable was inadvertantly introduced in this test. 
Appreciable turbidity breakthraugh was occurring on the Al (N?) side of 
the water plant because of a lower chemical dosage. 
bidlty have! been found to actually remove in-reactor film instead of de- 
positing film. Therefore, the cleanliness of fuel elements in this test 
may be due either to the increased turbidity or to the aluminum nitra*e 
treatment. Water trestnrnt is now under control, and the next discharge 
of test elements should show clearly the effects of Al(IV03)3 treatment 
without the simmiltantoua effects of high turbidity. 

Obvious film differences were first noticed on low exposure 

Control pieces (cooled with &(SO4)3 

Certa 2r.l types of tur- 

- 

Structural MtteriaLs Develapmen t 

Retubing Program . 
C Reactor are on order with two qualified vendors. 
cooperated in scheduling for the extremely short delivery tw required. 
Approximately 10 tubes may be available in ewly January and 20 in late 
JesUary. 

Zircalay-2 tubes needed for the overbore test at 
These vendors have 

NPR Process Tubes. 
cm October 3, for the first 30 lppR process tubes on the production order. 
Thirty-one tubes were delivered on that day aut of 3l put through the non- 
destructive testing equipment. 
cellence of the tubes. 
imn?rscape equivalent to the 0.003 inch scratch standard but none at the 
0.005 inch level. 
cent penetrant test (Zyglo). 
testing these tubes were remved by surface polishing, and the tubes 
passed a re-test. 

My Aluminum Campany met their delivery connnit-t 

!Ibis performance is indicative of the ex- 

Ncne of these areas shared indications in the fluores- 

There were a few ultrasonic indications on the 

The few Zyglo Fndicatians that were found in 

Intensive vendor liaison in activating new nondestructive testing equipment 
was provided during a ten-day period in the laat half of Oc+,ober. 
work involved masufacture of standards for the immerscope and mechaniceL, 
electronic, and process modifications on all the tests. This assistance 
was largely responsible for the meeting of the delivery deadline. Ancther 
contributing factor was the excellent quality of the tubes, which obviated 
extellsive conditicning and retesting. 
the 70 tubes due by November 30. 

Bis 

The vendor is ahead of schedule on 

me full length lopR Zircaloy process tubes have now beeE autoclaved in 
the White Bluffs' facility. 
and out with certain localized exceptions. The outside was blemished by 

The laat cne had a good oxide film inside 
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white stains where 
shawed a streak of 

the support hooks had contacted the tube. 
"rust" deposited along the bottom and bordered on 

The inside 

each side by a gray stripe. 
which are eqected to correct these conditions. 

hchanical modifications are being made 

The autoclave persists in having a large temperature gradient top to 
bottom. 
425 C from end to end. 
however, varies from 325 C to 390 C. 
these cooler zones show films greatly inferior to those achieved in the 
425 C locations. 
tained are working to eliminate this temperature -gradient. 

Nonmtallic bterials Development 

NPR Graphite Irradiations at the ETR. The GEH-13-5 experiment containing 
NPR reflector graphite continues to operate satisfactorily in the ETR N-5 
position. 
trolled at 675, 700, 725 and 725 C. 

The design of a temperature-instnuPented capsule, GEEI-13-7, is nearing 
completion. The test will provide qualitative comparisons of NPR core 
and reflector graphites with CSF graphite. 
round samples and will be irradiated in the F-6 position of the ETR. 

Physical Properties of MPR Graphite. 
ticity as determined by a sonic modulus apparatus was measured on two 
transverse and tu0 parallel samples of NPR reflector graphite manu- 
factured by the National Carbon Company. The parallel samples were 
solid rods six inches long and one inch in diameter and had an average 
modulus of 1.07 x 106 psi. 
inches long and one inch in diameter with an average modulus of 7.5 x 

Be eight zones along the length of the autoclave show a uniform 
The temperature in the bottom of these zones, 

Abrasion test specimens exposed in 

Kaiser Engineers and a consulting firm they have re- 

The sanple temperatures in the four positions are being con- 

It will contaic 24 quarter- 

Room temperature modulus of elas- 

The transverse samples were solid rods five 

10s psi. 

Irradiation Damag e to Plastics. Low ganrms dose rate studies on poly- 
ethylene (-300 r/hr) have shown no oxidation in a total exposure of 
5 x lo5 r. 

Lexan pblycarbonate has been irradiated in a uum capsfie at a gama 
dose rate of 1 x 106 r/hr to 1 x 108 and 3 x 3 r. The gases evolved 
as determined by mass spectrometer (volume percent ) are approximately: 

Irradiations to higher total exposures are continuing. 

1 x 108 3 x 108 

61.6 
34.4 
4.0 

The large increase in favor of (2% at the higher exposures is consistent 
with data on physical properties which show a complete loss of tensile 
streogth in betveen these two exposures. 
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Graphite Compatibility with Helium Containing 0.1 m of Water Vapor. 
It has been observed that a lm partial pressure of CO in helium 
ef'fectively inhibits the C + e0 reaction at water vapor presaures 
of 0.1 m snd 8t teqeratures of 825 C. In the absence of the CO, 
the water reacted with the graphite at the appreciable rate of about 
3 x 10-5 g/g hr. 

!5ermal Hydraul ic Studies 

Fuel Elemcrrf Tempe ratures FUarinP; an met Fitting Failure at K Reactor. 
Laboratory ucperimants were conducted to slmlate a sudden cmete failure 
of a front face h$dmulic camector on a IC Reactor process tube during 
reactor operatian. Such an incident on the reactor would irmnediately 
initiate a scram; however, the only means of removing the heat generated 
during the post-scram period is by reverse flow of hot water fromthe 
rear header pressures would be required to achieve adequate cooling during 
the post-ecrem period. 
tampcrature during the transient heat transfer conditions versus rear 
header pressure for tube power levels from 750 to 1800 kw. 

Iha mrimcntal results indicate that a rear header pressure of 60 psig 
would be inadequate to prevent mclting of fuel element cladding in process 
tubes with Initial heat generatian rates greater than about 1400 kw/tube. 
Since present K &actor rear header pressures range from 60 psig dam to 
15 psig, it is indicated that central zone tubes with present tube parers 
of about 1500 kv would be subjected to fuel clad wting upon sudden fail- 
ure of a froIlt hgdraulic fitting. 

Data were obtained to show maximum fuel surface 

&28t -fer Bcpe -ts P8rtalnbg to NPR. The studies to determine the 
boil- burnout conditions for the IPFl tube-in-tube fuel elelnent were con- 
tinued. 
811l'paces being of the seme shape and size as the middle annulus of the 
tube-in-tube fuel el-nts. 'phe tube-in-tube fuel element is simulated 
with only one flow chamel at a tins because full simulation of all 
channels at once would involve a very costly test section and an unwieldy 
number of experimntal variables. 

An electrically heated teat sectian was used wlth the heated 

Four burnaut determinations were made with different flow rate conditions 
as follows: 

Pressure = 1500 psi6 
Inlet temperature = 585 F 

Rurr me Flow Rate Burnou$ Heat Flux - NO ( lb/hr-ft2 ) (BTU/hr-ft2 ) 

I 0 5U06 6 

6 
I1 1.02xlo 

Iv 3.l2xI.O 
111 2.1rn06 
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The heat flux values are for the outer 
about 19 percent greater than the flux 
indications were detected at the outer 

surface of the annulus and are 
on the inner surface. Burnout 
surface in all cases. 

Following Run IV, a steam leak prompted shutdown. Upon examining the 
test section, sm smaU cracks were observed near the downstream end 
of the heated section. 
metal teqerature was reached, local thermocouples had not indicated this. 
Concentricity of the inner and outer elements was verified as being 
proper and thus flow distribution was probably good. The cause of failure 
is unexplained at this tim. 
the outer tube of the assembly and was re-installed to continue this 
program. 
future experbents to verify the fuel element design conditims. 
information is eqected to be useful to IPD in establishing the maximum 
allarable power levels for the NPR. 

Although metal color indicated that a very high 

The test section was repaired by replacing 

!Fhe above data will be canibined with results from previous and 
Such 

Calculated Tinre Before hklting of an Uncooled K Reactor Fuel Rement. 
During reactor fuel discharge operations the possibility exists of a fuel 
elenrent becoming lodged in the rear face piping or other obstructions arzd 
not falling into the discharge basin where it is cooled by water. At the 
request of IPD personnel, calculations were made to predict the time re- 
quired for such a fuel element to reach melting temperatures. 

Ejection during re ctor operation was considered as well as discharges 

for discharge during operation at tube parers of 1400, 1600, and 1800 kw/ 
tube, the uranium of the "hottest" fuel element of the charge would reach 
its melting temperature at 118, 80, and 60 seconds, respectively. 
ever, if fuel element discharge occurs more than 4.7, 6.7,, arid 8.9 hours 
following reactor shutdown at the respective tube parers above, there will 
be reasonable assurance that the exterior jacket of the fuel elemnt will 
not reach its melting temperature. 

occurring up to 10 2 seconds after reactor shutdown. It was found that 

How- 

Experiments to Investigate the Effect of Eccentric Fuel Elements on Boil- 
ing Burnout. %e program to determine the effect of annulas- eccentricity 
on boiling burnout was continued. 
a two-foot length of the annular coolant passage which is attained with 
I&E fuel elements in a K Process tube. 
rod within the process tube can be adjusted on this assembly. 

A test assembly was used wnich simulases 

%e vertical position of the heater 

During the presect series of ,runs the apparatus was adjusted to give a 
top-of-annulus gap which was 50 percent less than the concentric case, 
i .e., 0.056 inch versus a normal O.ll2 inch annular gap. 
and pressure conditions approximating those of a IC Reactcr fringe zone 
tube, the following burnout data were obtained. 

With flow rate 

I c 3 
I. 4 
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Burnout Conditions 

Eccentricity - 56 upward 
Pressure - 53 psig 

Run E?ar at 70 F t in Q/A x Subcooling 
1QO.A - OP B/hr-ft2 OF 

B. 

10 
u 
12 
13 
14 
15 
16 
17 

23.0 235 0.867 9 
23.0 a7 0.851 26 
23 .o' 202 0.824 45 
23.0 185 0.841 6l 

0.896 80 
0.962 94 

22.8 16l . 
23.0 142 
22.8 a4 1.040 108 

22.9 ss 1.120 125 

A plot of the burnout heat flux versus subcoaling indicates a minimu 
burnart flux of 820,OOO Btu/hr-ft2 at 50 F subcooling. The data at a 
smaller subcooling than 50 F show an unexpected increaee in burnout heat 
flux although otherwise the experiment& data were quite consistent. 
Certadnlythe effect of subcooling Shawn by the data is hard to ignore 
even though it is quite uaexpected. 
Ku1 undoubtedly aid in understauding this condition. 

Ebther experlts which are planned 

Shielding Studies 

shielding mtnuPentstion. An improved type of fast neutron spectrometer 
has been suggested and is under develapment for use in shielding measure- 
mts. 
energy range from about 200 kv to at least five Mev. This represents an 
extension of the range of the Perlow counter by at least a factor of five 
in the high energy region and should significantly increase the utility 
of the instrument for measuremnts of fast neutron attenuation by shielding 
materials. 

It is estimated that the improved instruments will cover a neutron 

This proton recoil neutron spectrosreter consists of three proportional 
counters filled with =thane. Proton recoils from the methane in the 
first counter are collimated and enter the second and third chanibers for 
a triple coincidence. The pulse height from the central counter is ana- 
lyzed whenever a triple coincidence occurs in all three countezs. A pre- 
liminazy calibration was made for a Ethane pressure of 7.00 cm Hg (at 
OOC). At this pressure neutron energies up to 4.45 &v were successfully 
detected. Rrther work is in progress to determine experimentally the 
useful energy range of the hstrument. 

WEAWBPS - 3000 PROGRAM 

Research and developmnt in the field of plutonium metuurgy continued in 
support of the Hanf'ord 234-5 Building Operatians and weapons development 
programs of the IJniversity of California Lawrence Radiation Laboratory (Project 
Whitney). Details of these activities are reported separately via distributior: 
lists appropriate to weapons development work. 
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1. 

Plutonium Fuels Development 

F%!lB Fuel Fabrication. 
to PRFR in November. These elements will be used in the criticalitytests. 
Twenty-two clusters were of the Mark-I-G design using 3O-mil wall Zircaloy-2 
sheath tubing and the CRB core aJloy containing silicon. 
were considered Class I11 fuel elemnts for zero power use because of the 
internal cracks in the tubing. 
Mrk I-H design using 35-mil wall Zircaloy-4 sheath tubing. Eight of the 
&rk I-H elements were Class I11 elements became they used the CRB core 
alloy and were loaded with unlmown gaps between core and tubing. 
used in these elements was undersize on the ID and could not be gaged at 
the time. 
alloy, with the correct gap and were Class I clusters. It is planned to 
.use these six for both the criticality tests and the pmer tests. 

Thirty-six Ar spike fuel elements were transferred 

These clusters 

The remaining 14 fuel eleraents were the 

The tubing 

Six of the Mark I-H fuel elements used the CSO (1.8 Pu, 2 Ni, Al) 

The second spike loading of 36 clusters to be used in the power run will 
be made up of Class I Mark I-H fuel elements. 
two of the 600 fuel element rods required are fabricated, but slow and 
erratic delivery of tubing has delayed completion of the remainder. 
ever, all the core alloy required has been cast and extruded, and all 
auxiliary Zircaloy hardwsre is finished or in the final. stages of fabri- 
cation. 

Three hundred and seventy- 

How- 

Fabrication Devel t. In order to detennine Pu% distrfhbution, rod6 
which had been pmzly loaded with pUOpUq2 and swaged to 90$ TD were 
machined into three horizontal and six transverse samples per rod. 
technique of polishing has been developed which appears to hold the oxide 
particles in place satisfactorily. The milJ.ed horizontal surface is first 
vacuum-impregnated with boat resin. 
with 18egrit silicon carbide until the impregnated surface is just ground 
through. This surface is then reimpregnated with resin. Five micron 
diamond paste is used to polish this surface down to the point where 
particles are just starting to pull out. 
particles enough to keep them from pulling out while they are polished 
down to a truly representative surface. The polished samp'les were loaded, 
in an airlock, into a can filled with padding. 
top of the can was placed over the sample so that a lnylar covered "window" 
cut in the lid was stretched tightly over the sample surface. 
assembly was then turned upside dawn, in a dark room, over a nuclear 
emulsion plate (Kodak NTA). When the surface was polished correctly and 
the emulsion was placed flat on the sample, excellent resolution of Pu@ 
particles resulted. 
any conclusions as to fuel distribution. 

A 

This surface is then polished flat 

This technique fixes the 

While in the airlock the 

This 

Not enough samples have been finished yet to come to 

Nine rods were loaded and cold swaged to approximately 25 percent reduc- 
tia in area for hot swaging studies. 
the effect of swaging temperature on density, hydride formation, O/U ratio 

These rods will be used to study 

UNCLASSIFIED 
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dmuge end general phpical properties. 
interest for hot swaging studies. Aside fm the disadvantage of the 
charercteristicaUy lar green density, ceramic grade powders have an 

SWBgtd rod containing ccramic grade UQ to 700 C. After one hour at 
tcmpercrture the rod showed a bulge in one end and a split in the PlOFt 
severely stressed section. 
ness over & mils. 
gxade Uo;! ami tV0 
to be the twlD gaaos which am relessad from ceramic gmde U% in suffl- 
dent quantity to cause high internal pressures. 
king built to zmasure rmre accurately the gas volumes liberated froan 
molls typas of U%. 
2.5 cc of  as liberated per grsm of ceramic grade U*. 

The psibility of nrptwrlng a fu&l rod containing Ut&-Pu@ during swaging 
has beexi of som camern due to the contamination clesn-up problem. 
serious nqpturs occurs, a considerable BmouLLt of "down" time maybe re- 
qpired to decontandnate the-svege to a law enough level to ccmtinue de- 
v8lopmntal fabricatioa. With this in mdnd, the two-die rotary swage is 
being cansidered for use as back-up. 
cwed on the rotary tuo-die machine. 
apparant density of 8.0 gm/cc. Existing dies allowed a 41.55 reduction 
to 0.573" CD. 
gampra absorptometer indicate densities of the order of 8% of theoretical. 
LBck of mf'ficient 8tanda-d~ did not allow precise density nreasurements. 

Developxm%t of P-clad, plutonium-bearing extended Surface fuel elements 
was begun. Initial work concentrated on &velaping a suitable steel 
cantainer to (1) protect the zirconium firmn oxidation and (2) serve as a 
contamination barrier for plutonium; a container was developed which withie 
stood 95 percent reducticm in area without bscking and was easily stripped 
fromr the zirconium sheet. Initial work also concentrated on bon- two 
sheets of zirconium. 
at 600 C with 95 $ B.A.; however, som bonding occurred at 700 C and 91s 
R.A. Using dissimilar metals to aid bonding, bonds were obtained in 2- 
A1-P sandwiches at 600 C and 650 C and in %-Xi-= sandwiches at 700 C. 
Work will continue on P-P bonding at higher temperatures and dissimilm 
mctsl sandwiches will be investigata- further, particularly their corrosion 
behavior. 

Ceraudc grade oxides are of 

This was proven by heating a cold high absorbed gas content. 

The tube used in this study had a wall thick- 

Nitrogen and carbaa dixoide sppear 
vacuum mion -pis was pertomred on ceramic 

af fused UQ. 

A pressure system is 

data indicate that at 1000 C there are 

If a 

Two 24" laug elemepts we= aw8ge1 
Ihs tubes were loaded to an 

acellent sWaces were obtained and measurements on the 

. 

Bonding between 2-a saadvlches was unsuccessful 

Two pneunmtic injection cast irradiation capsules were completed up to 
autoclaving. The three and a half inch long capsules were made with 

alloy cores. This alloy will be used for a three-foot long, '7-r0dy ETR 
irradiation cluster. If longitudinal Pu segregation is found when the 
chemical analyses of the four castings are cqleted, a change will be 
made in operating procedure which will permit mechanical stirring in air 
prior to casting. 
effecting such a change. Both the ingots and the injection cast rods of 
the latter alloy showed evidence of a greater tendency toward hot tearing 
than was found with the lower plutonium alloy. 

0.035 inch rail Zircal~ tubing snd Al - 1.8 W/O PU - 2 W/O Hi alloy 
cons- F- gO-inch 1- rods made with Al - 2.5 W/O PU - 2 W/O Ipi 

Mnor piping modifications will be required before 



Fuel Evaluation. 
thermal cycles in the ETR 3x3 Loop plus five to seven reactor scrams. 
This elemnt which is 42 inches long was made as representative of the 
PRTR plutonium fuels as possible. The in-reactor operating cocditions 
were also as close to PRTR conditions as practical with a coolant pressure 
of 1050 psig. A thermal cycle consists of varying the coolant temperature 
between 180 and 480 F at the mte of 5 F/min. 
varies between 389 and 693 F. 
the reactor scrams. 
amltion. 

An Al-Pu, 7-rod cluster has successf'ully completed 65 

The core temperature then 
Rates of cooling were somewhat faster during 

The element is now being returned to Hanford for ex- 

The ruptured U% - 5.67 a/o PuqZ capsule (GEH-14-89) is currently under 
examhation. 
thermal neutron flux eleven tinres the design value. 
sured and sectioned. 
nearly one percent in length. 
graphic samples of the cladding are being prepared. 

The Zircaloy-clad specimen was unintentionally placed in a 
The capsule was mea- 

The cladding increased 9-10 percent in diameter and 
All of the oxide fuel was missing. BtaUo- 

Of the eleven U%-Pu% capsules at the &Eli, nine were discharged at the 
end of October. 
E~~osures for all eleven pieces will be about 5000 W/T. 
specimens, imadiated to 1000-1800 MWJ)/T, are currently being evaluated 
in the Radiometallurgy Laboratory. biting of the fuel core center was 
observed on one sample only (GEH-14-65). 
0.187 a/o Pu+ fuel pellets. 

Six are low-density speciPrtns and three are high-density. 
The companion 

It contained low-density U@ - 
Average power generation for this piece was 

12 kw/ft. 

Two Zircaloy-clad capsules (GEH-14-27, 28) were fabricated with Al - 
2 W/O Ni - 1.9 w/o Pu alloy cores by injection casting. 
being autoclaved. 
in the original test proposal; however, approd for charging was re- 
ceived from the MPR. 

Tlze pieces are 
Design of the capsules differs fromthe description 

!Che examination of the 7-rod, Al - 1.8 w/o Pu Uoy PRTR prototype 
cluster with Zircaloy cladding, stainless steel end fixtures, and quick- 
disconnect end caps is currently in progress. 
the initial length measurements were found. 
measured again and warp determinations are in progress. 
indicated that the rods increased from 0 to 0.019 inch (20.5-inch gauge 
length) in length. 

Several discrepancies in 
The uncut rods have been 

&asuremr;ts 

The plutonium analysis for the 13.13 percent Pu-240 reactivity experilnent 
capsules was low, necessitating refabrication. 
16.00 percent Pu-240 material is nuw being for replacement. AlsoJ 
another set of samples containing an Al-U-PU alloy containing as mch 
uranium as possible and using plutonium containing 16.00 percent Pu-240 
is being fabricated for reactivity comparison with the same type of 
material without uranium. 
and the sample holders are being fabricated. 

A new set of samples using 

The RMF lattice subassembly has been completed 

The fabrication of the Al-Pu 7-rcd cluster for an in-reactor rupt,ure ex- I 

periment is nearing completion. This cluster has an over-all length of 



A-22 

about 28 inches and is as prototypical of the PKpE elements as possible. 
The point of rupture wfll be Fzl a flux of 1 x 1s nv with an associated 
heat flu% of about 253,000 BTU/hr-ft2. 
test during the first part of January 1%. The element will operate in 
the EL% 3x3 for 10 to 20 days prior to rupture. The element Kill continue 
operation for a nmdmm of three days after the failure or until the radi- 
ation level in the cubicle reaches 40 R/h. 
activity, and the gamma energy spectrum will be mnltored from the time of 
rqpture. 
which a welded Zircaluy rupture tip is sheaxed off. A new scheme is being 
investigated in which a brazed rupture tip is broken off, thus exposing the 
core. 
the tube, iae., one ach ia not reinforced with weld metal. 
is being submitted for Reactor Safe- appro-. 

It is proposed to conduct the 

Gross gams, delayed neutron 

The mphring device is being tested with a dummg cluster on 

plis tspe of device wwld provide a more authentic napture area on 
The write-up 

PRPR Rml Elenmta. 
elements were delivered to the reactor. 
with neutrau source holders and one element containing foils for the 
crltical tests. 
clad ia Zircaloy-2 and similar elePlents containing lead-cadmium were de- 
livered for critical tests. 

Seventy-eight PIFR 19-rod cluster swaged U% fuel 

In addition, two pE(TR 19-rod cluster swaged lead elements 

These included 10 elements equipped 

mricatia Dewlopnent . Metallographic examination of hot swaged 2-4 
cladding did not reveal any hydride phase. 
centrations of hydrogen were detected spectmchemically. This indicates 
that the hydride present in hot swaged Zr-4 cladding is not precipitated 
but is present as a very fine precipitate which cannot be detected metallo- 

However, relatively high con- 

grsphicallg. 

Electrodeposited U haeq randomly sized particles (a -48 mesh) was 
cold swaged tow88 7 T.D. Similar particle sizes of fused U% can be 
cold sxsgcd to only CI 84% T.D. Examination of photamscrographs of both 
powders showed that the electrodeposited U% particles were angular and 
nan-equlaxed. 

High energy (Dynapak), impacted U@ (99.4s T.D.) was vibrationally com- 
pacted into a Zircaloy-2 capsule (4" long x 0.565'' OD) to a bulk density 
of %I$. The U had a O/U ratio of 2.0057 and a particle size distribu- 

The fuel capsule will be irradiated in the ETR. 
ti- Of 65 W/O s -&lo miesh), 15 W/O (-3545 msh), and 20 W/O (-200 mesh). 

The cladding geometry does affect the bulk U% density obtained by vibra- 
tional compaction. 
9/16" diameter rod eegnr?nts have a density of 85% T.D., in a 1-3/4 inch aD, 
1/2" ID, 18" losg tubular fuel segment. 
ated for increasing the U@ bulk density in the tubular fuel se-nt. 
Particle size campositians specifically selected for each cladding geometry 
will be determined and fixture modifications will be made to provide a 
more efficient coupling between the cladding and the vibrator. 

UCQ mixtures which can be compacted to T.D., in 

Two procedures are being evalu- 
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Welding Develupment. Work piece speed during high frequency resistance 
welding of the spacer ribs has revealed many desirable aspects of high 
speed. The speeds investigated ranged from 18 to 60 inches per second. 
Average optimum speed of 45 inches per second produced less distortion, 
less atnosphere contamination during welding, greater sensitivity in 
welding parameters and possibly greater freedom in rib configuration. 
Both empty tubes and swaged UQ fuel rods were used for this investigaxion. 

welds were evsluated by shear tests and by autoclave corrosion tests. 
Shear strength varied between 750 to 1000 pounds per lineal inch of weld. 
Athin line of grey oxide corrosion occurred at the bee of the rib during 
the autoclave exposure. This corrosion is probably due to trapping etch- 
ing solution during cleaning, prior to autoclaving. 

Zircaloy ribs were welded to six U@ pellet loaded fuel rods supplied by 
Westinghouse Atamic Power Division. 
process is being conaidered by Westinghouse for joining spacer ribs to 
fuel rods for the CVTR. 
is applicable to continuous welding spacer ribs on loaded fuel rods at 
high speeds. 

The high frequency resistance welding 

These preliminary tests indicate that the process 

Corrosion Studies 

Effect of Gaanna Irradiation on Corrosion of Zirconium Alloys. 
of Zircaloy-2 and three 09 Wrcaloy-4 were autoclaved at 400 C, 1500 mi. 

Two lots 
r- 

in a gamma flux of 2 x lo6 R/hr for seven days at K-East. One set of- 
samples was tested under static conditions and another set was tested 
under refreshed conditions. 
test (in which a short temperature excursion took place) were two and 
three tims more than nonnal. 
refreshed conditions were normal. 
check the first results. 

‘ 

Weight gains for the samples in the static 

However, weight gains for the samples under 
Another static test is being run to re- 

Chromium plating of Zircaloy-2. The chromium plating of Zircaloy-2 by a 
mpor deposition process employing dicu~~me chromium showed some promise 
of slowing hydrogen absorption by Wrcalay-2. 
produced non-uniform plates. 
perature, gas flow, and rate of vaporization, has not appreciably improved 
the non-uniform deposition. 
planned. 

Initial work on this process 
Further work on the process, adjusting tern- 

Experiments without a carrier gas are now 

Aluminum Alloy Develapment. 
now received nine months and others one year of exposure in refreshed 
360 C deionized water and are continuing to mairrbain their excellent 
corrosion resistance. 
are 1-59 Ni, 1.59 Fe (0.66 mil penetratioE); 2.85% Ni, 0.379 Fe (1.39 mils); 

and 2.859 Ni, 0.27$ Fe, 0.379 Cr (2.57 mils). Those with nhe months of 
exposure (fabrica+,ed at HAPO) are 1.5% Ni, 1.5s Fe (two melts); 1.a Ni, 
1.89 Fe; 1.e Ni, 1.55 Fe; and 0.64% Ni, 2.19 Fe. 
of my of the latter alloys is 0.30 mil. 

klts of 1*8$ Fe, 1.2% Ni high purity base alloy prepared by casriq 
techniques differing in cooling rate, holding time, holding temperature 
and casting temperature are being compared in a 360 C corrosion test. 

Several campositions of super alloy8 have 

Those with one-year exposure (fabricated by Alcoa) 

The highest pecetrstion 

1251431 
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A SAP alloy from Alcoe which contains 7.03% I9i and 4.81% Fe-shows only 
0.42 lpil penetration after two mths of mosure. This is the larest 
penetration obtained with a SAP alloy, but the high alloying element 
content precludes it frcun serious consideration at the momnt. 
SAP alloy containing 7.w Fe, 0.2$ each of Cr, Ti, V, and Zr, and 0.5$ 

ErettinR of Zircaloy in mrcR Fuel Elements. A test to determine whether 
breakage.of a spiral wrapping wire on a PIZTR fuel element would ceuse 
fmttiag haa been cweted. This test was xun in the -7 loop using 
deionized, deoxygenated water at 300 C with the pH adjusted to 10.0 with 
Lis. The single rod fuel element was suspended in a vertical, 1-inch OD 
x 0.065-Inch wall stainless steel tube during the test. The fuel element 
was fastened in a munting bracket at the tup only. mor to exposure 
the wire wrapping was clipped at the bottom end to simulate a broken wire. 
The flow rate was 95 gpm, pr~aucing a water velocity of 67 it/sec. 
high flow rate was msely used in order to encourage fretting. The 
f’uel elexmt was periodically vis- inspected for fretting. After 57 
days, only ane sUow pit was noted. A few areas showed signs of wear, 
but the depth was verg shallow. However, after an additional 20 days, 

formly spaced aloq the later third of the fuel element. At the point 
where the xire was vibrating against the test section, approximately one- 
third of the wlre thickness remained. 

Another 

A1203 failed in ten days. 

!DE 

four ~~OOVCS, fie to 10 mils de- by 1-1/2-inch lo~g, found uni- 

Initial.. studies to determine whether fretting would occur on a PRTR process 
tube due to vibration of a PRTR fuel element have been made. 
made in 300 C, pH 10 (LiOH), deionized water. 
Zr-2 process tube was inserted inside a vertical four-inch schedule 120 
stainless steel pipe sedian. 
ing U% was suspeaded inside the process tube. 
rate of 123 gpm was used. Inspection of the process tube after four days 
of urposure did not reveal any fretting. 
two weeks of exposure revealed that fretting to an estimated depth of two 
to five mils deep had occurred at each of the six points corresponding to 
the six bottom supports of the fuel element. Qlly three fretted areas 
were found at the top, again corresponding to the fuel elenrent support 
positions. 
those at the bottom of the process tube. 

The test was 
A ten-foot section of PRTR 

Al9-rod cluster PRTR fuel element contain- 
The maximLup PRTR tube flow 

IPspection after aza additional 

PLese tbree fretted amas did not appear to be as severe as 

Structural mterials Develapmezl t 

Process Tube Monitoriq. 
were used to inspect the Zircaloy process tube in the 34 Building Single 
Tube Mockup. 
were found at +h location of the top and bottom fuel element spacers. 

The HipR Mark I mitor and a rented TV camera 

Retting penetrations estimated to be one to two mils deep 

Fabrication of the eddy current gas gap measuriag instrument developed by 
Instrument Research and Development has been completed. kitial tests of 
the instrument in a PRTR mockup tube indicate the instrument to be very 
stable and reproducible. Calibratian tests are now in progress. 
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The wall thichss testing probe has been designed and fabrication is 
complete except for installation of the transducer crystals. 
gage type ultrasonic wall thicksess masuring unit has been shipped. 
special transducer crystal mounted in lead-filled ep 

radiation with no noticeable effect. 
Various types of epoxy potting compounds used for sealing around elec- 
trical leads and for muting crystals have also been subjec%ed to 108 
total garma. Eccoceram Type CS failed at this dosage by expansion and 
formstion of a cellular type structure. 

"he Vidi- 
A 

with a silicone 
inpregnated fiberglass base has been subjected to 1 r R total gamma ir- 

Gampla testing is continuing. 

KER Process Tube Examination. Exanuna * tion of the central section of the 
irradiated XER Loop 1 Zircaloy-2 pressure tube was continued. The burst 
sample which failed at a low pressure was found to contain up to 1000 ppm 
hydmgen 8t the cooler, inner surface; with the concentration gradually 
declining to normal (about 20 ppm) at the outer surface. A two-inch long, 
oval-shaped patch of scale five to ten mils thick was found on the inside 
surface of the tube associated with the hydrided area. An-x-ray diffrac- 
tion pattern of the soale indicated the primary constituent was Zr@. 
Examination and chemical analyses of the scale and parent metal will 
continue in an attmt to identify any impurity or other explanation 
(such as evidence of localized overheating) to account for the severe 
localized corrosion. Several cracks were found at one end of the burst 
test specimen. 
extended about 1/2 inch from the end of the sample. Since this portion 
of the tube is constrained by the end-closure grips during burst testing, 
it is doubtful that these end cracks could have been caused by the loop 
stress set up by the burst test. 
drided region, it is probable that the specimen was cracked in handling 
during or mer reactor discharge. 
would account for its unusual behavior in the burst test. 

These cracks were in the area of localized hydriding and 

Since the tube is brittle in the hy- 

me presence of cracks in the specimen 

Zircaloy Sheath Tub-. 
sheath tubes for the &-A1 fuel elmats has been o#k.inP a concerted 
effort to expedite new material through a modified fabricating process 
to replace tubes rejected because of impressed foreign particles on the 
inside surface. Chemically removing the foreigh matter leaves pits up 
to 10 mils deep. Recent shipments have sham a marked improvement in 
surface quality, and it is anticipated that a steady flow of good quality 
tubing Kill be delivered for the next few weeks. 

The fabricator of the 0.495 inch ID Zircaloy-4 

Failu,re of all nondestructive tests, except white light borescoping to 
detect the presence of these deep pits on the inside surface emphasizes 
the need for an intensification of the work to evaluate and refine non- 
destructive tests for sheath tubing. 
and ranging from 0.002 inch to 0.012 inch in diameter in 0.002 inch 
increments, were drilled in a section of 0.495 inch ID sheath tubing. 
Using the routine ultrasonic testing techniques, it was found that the 
ultrasonic equipment would not detect any of the holes. The applica- 
bility of the eddy current test in detecting pits and wall thinning is 
being studied. 

A series of holes, 0.03.0 inch deep 

Several eddy current standards have been fabricated, most 
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of which m &signed for use with the encircling coil of the Metrole 
Unit. 
mcpt testing is IG progress to determine what kinds of stanrlnrds are 
needed. 

-very a probe-type coil has also been fabricated and develop- 

EEadionE?tuurgg Laboratory Studies 

A longitudinal section at the downstream end-cap of a defected ceramic 
element was exmined to determine whether there was any variation in 
hydridirg of the Zixcahy-4 sidewall dadding and the zirca~ay-2 end 
cap. 
mphic exaadnatian due to the recrystallization wbich occurred during 
-ding (ma).  ha "sintered" rad of a faur-rod cluster showed no 
chauge in tba structure of the UQ fuel. However, the "swaged" rod had 
pSrt;laUy recrystallired and a small void was seen at the center of the 
core. tbly limited amounts of hydrides were obeemd in Rods 2 and 3 
ne- the outer mace of the dadding (-61.6). 

It was impossible to determine the preeence of hgdrogen by metaUo- 

Metallurgical examination of a longitudinal section from a law density 
UQUuQ capsule disclosed that coqlete recrystallization of the oxide 
fuel had occurred. 
mwst in whi-ch the fuel had been completely recrystsllized. A sample 
was obtained for burnup analysis (-65-4). A 7-rOa cluster, 45 inches 
long, haa been phatogrsphea and disassembled. Diameters of the individual 
rods were meeisured (Rw166.l). 
Irradiated in an extremalg high flux zone in the KFR was sectioned, but 

dadding wa8 badly deteriorated with a Tack diffusion layer on. the Wide 
and nummus cracks in the weld area. 

!Bis was the orrrly capsule fromthis examination 

The ruptured high deneity UOpPu@ capsule 

it wa8 found that none of the core material med. !Qle zircaloy-2 

Results and interpretations of these examinations will be reported in 
more detail in connection with the develapment programs served. 

mznml Hydraul IC Studies 

Eyperiments to DetermF?e Boil- Burnout Conditions f9r the 19-Rcd Cluster 
Fuel Rem?&. 
to further define the boiling burnout conditions for the PRTR 19-rod 
duster (&-I) aesembu. FLJW rate and =et cooiant temperature 
were held ccastant-whlle the heat gerzeazatioaz rate was increased In small 
steps. 
because of a steam leak and a charge of electrical resistame in the 
test section. 

An elec%rically heated test section was used in an attempt 

The test was te-ted at B -pod flux of 720,000 BTU/hr-ft2 

The test section consisted of 19 Incanel tubes of O.O& inch wall thiclmess 
with a m~chiaed ceramic insert (AISPIAG 222, American Lava corp. 3 inside 
of each tube. !the ceramic was used to prevent callapse of tfie thin wall 
tubes under 1050 psig external pressure. 
and around the entire bundle just as they are used on actual &-I fuel 
assemblies. In *he test assembly ther wa3 heaz generated in the bundle 
wrap .with a heat flux of about 1.WO BTU/hr-ft2 af test te,aination. 

Wire wraps were used on the rods 
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Upon remoyal of the test section, the over-aU bundle wrap (0.072 inch 
diameter Inconel wire) was broken and a section about 15 inches long was 
missing from the downstream end of the assembly. Eight tubes were found 
to have ruptured, two by burning (melting) through at a spot extending 
around the circumference and the others by longitudinal splits at random 
points along the heated section as though by internal pressure. There 
were several small burned spots on the tubes where the bundle wire wrap 
had contacted them. 

Since bumcnrt indications were not detected by thermocouples on the tube 
walls, the test section failure was probably due to an electrical short 
rather than boiling burnout conditions. 
wrap broke or nelted first and shorted to the process tube. 
drew high current and mlted spots on the walls of seversl tubes. 
contacted the ceramic, possibly causing it to eqand and rupture the thin 
wall tubes. 

It is thought that the bundle 
The wrap then 

Water 

PR!FR Project Mansg ement and Design 

PRTR Constaction. 
struction items not completed by the Phase III contractor or not included 

The Phase 111-A portion of the PKITR (remsining con- 

in his contract) being kmpleted by the J. A. Jones Construction Company, 
CPFF contractor to the AEC, is estimated at about 68s completed. Con- 
struction was conrpleted on those systems required for critical testing 
and the reactor was brought to critical on Xovember 21, 1960. 

The moderator system was completed by J. A. Jones Company and turned over 
to PR'J?R Operations on Iioveniber 7 for design testing. 
vealed numerous leaks at flanged joints, especially in the lower access 
room between the calandria and dump tank. 
moderator pump check valves. Cavitation was noted at full flow in the 
control valve by-pass line. 
cooling plenum was in excess of 75 gpm Versa a design flow of 40 gpm. 
A restricting orifice has been made for installation in the top tube sheet 
line. 

Design testing re- 

Leaks were observed at the 

The flow to the calandria tap tube skieert; 

Design tests on the 
moderator dump rate was within predicted design values and was about 16 
fsster than achieved in the steel calandria-moderator storage tank mockup 
in 18%~. A single dump valve opening would luwer the level two feet in 
about one second, all four valves opening would lmer the level two feet 
in about 0.7 second. 

moderator-gas balance system showed that the 

The gas balance system, the gas-ter, portions of the gas makeup system, 
and the main gas header f'romthe gasometer were completed by construction 
and turned over to PR!FR Operations on Xoveniber 8 for design testing. 
the gas balance campressor and its spare were found to be inoperable due 
to failure of the mechanical shaft seal during factory tests. The shaft 
of one compressor was packed with Teflon packing as a temporary lPeasure; 
the second compressor was modified to adequately hold the shaft seal and 
given a successful test run-k. 
moderator level fluctuations were observed. These fluctuations occurred 

Both 

In initial design test runs, excessive 
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at a frequency of about 15 cycles per minute and had auplitudes as great 
aa f 0.4 inch. Hanver, it was observed that instability cad be elim- 
inated conqjetely by raisirg the gasholder volume. 

The reflector system was cosrpleted by J. A. Jones Campany and turned over 
to PR!X!R Operations on November 1. Design tests on the reflector system 
were teated when it was found that the thmt+ding valve in the system 
was vibrating excessively as a result of the large pressure drwp across 
the valve. opening the throttling valve to allow increased system flow 
with less pressure drop caused puq cavitation. The throttling valve has 
been remotFed from the systembaud sent back to the factory for alterations 
to mal# the valve more suitable for throttling senrice. 
intended to inatall 8 fixed orifice in series with the valve to take psrt 

In addition, it is 

of the sgetempressure drop. 

Canstrution work on the reactor control and flux mnitoring systems was 
cweted and these systems were turned over to PFQR Operations on 
Hoveniber 9 for design testing. 
generally satisfactory though considerable trouble was eqerienced with 
the prc8mplif’lers of both stsrtup channels. 
traced to the lack of proper provision for fission rhnmher high voltage 
supply and ground loops. 
fluctuations (considerably greater thaa could be explained by statistical 
camideratiom) at levels below lo00 counts per minute, as well as spurious 
period trips in this region of operation. The solutian to these problems 
was to incorporate a somewhat longer tinre constant in the log count rate 
meter circuit and a reductian of the coupling between the period and LCRM 
circuits. 

Initial operation of these systems was 

mese problems were fimUy 

Both smug chemnels also exhibited excessive 

The intermadiate level period channels have also caused a number of spurious 
reactor scrams. 
such as the gulling in or dropping out of relays in the vicinity of the 
instrwtmnts. 
actions. 

Plese can us- be associated with transient conditions 

Efforts are being made to eliminate or reduce these inter- 

There appears to be considerable stray voltage pickup in the contn?.nmPnt 
instrunmatation, resulting in frequent spurious tripping of the conta-t 
circuits. 
the pickup. 

Attempts am under way to isolate am3 eliminate the sources of 

Process tubes were swalbbed clean and were capped at the inlet prior to 
filling with DS for critical tests. 
pumps and pup auxiliary piping is nearly complete. 
primary storage tank, and primary cleanup system have been flusked, cleaned, 
and rinsed. Injection pumps were fitted with plungers and packing and 
operated satisfactorily during the cleaning. 
Phase III-A primary system piping modifications; several itens are complete 
and the remainder are being completed TO the extent required prior to 
cleaning the system. 

Mutors were imtced on the primary 
Be injzction system, 

Work has been stazzed on all 

The mechnnicsl porzioar of the fuel e1e-t rupture monitoring system was 
coqleted and moved into the containment vessel. It has not yet been 
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set in place at the -21 foot level of "C" Cell pending completion of floor 
support modifications. 
gressing at its present location in the reactor hall. 

Some preliminary electrical wiring work is pro- 

The electronic portion of the fuel element rupture monitoring system still 
has not been received. 
switching transient problems although he reports that improvements have 
been effected. 
problem and to develop potential solutions in case the lPanufacturer fails 
to provide a workable system. If it is determined that the current method 
of switching using stepping relays sham only marginal 'chance for success, 
the switching system will be re-designed. 

!Jbe manufacturer still has not solved all of the 

Efforts are being made to determine the magnitude of the 

Considerable effort has been expended in fitting up the fuel transfer system 
and in making small alterations to improve operation. 
yet fully operable. 

The FRFR Load-.Out Cask and accessories were shipped fromthe vendor on 
November 14, 1960. 
be mounted on a modified 25-ton low-boy trailer. 

The system is not 

Upon arrival at Hanford, the cask and accessories will 

The f'uel elenrent manipulator for the PRTR fuel element examination facility 
has been installed in its-norma3 operating position for testing at the 
vendor's shop. 
able but that several adjustnrents will be required. 
the manipulator still. require minor additional finish work. 

The Msintenaace and Mockup Facility (including the Critical Facility 
Building and Rupture Loop Annex Facility) is estimated to be 15s complete 
versus a scheduled 17.4s complete as of November 30, 1960. 
for the Rupture Loop Annex was coqleted and is in progress for the Critical 
Facility and M & M Buildings. The concrete pour for the PRTR ventilation 
filter vault is approximately 25s completed. The majority of underground 
service line installation has been completed. 

Preliminary tests indicate that the manipulator is oper- 
Certain portions of 

Excavation 

PRP Critical Facility (Project CAE-842). 
is 96$ conplete versus 1- scheduled. 
remaining design item - the reactor control console - because of PRn 
start;up demands. 

Over-aU design of the project 
No progress was made on the major 

The M & M construction contractor has finished driving the pilings needed 
to permit excavation of the Critical Facility structure to the required 
depth. The pilings will be used as the outer form of the cell. 
tion on the structure contract is approximately three percent complete. 

Construc- 

A trip was made to the Henry pratt Company, Chicago, Illinois, to review 
the design of the Fuel hgnsfer Lock for the Critical Facility in order 
that fabrication could be started promptly. 

Drawings of the fuel element thimble tube development have been issued for 
comment. 

A mockup of the revised level control weir has been coqleted and is now 
being tested. 
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Rael ELsmbnt Rupt ure Test Facility (Project CAH-8671. The GE portion of 
the design is 8lp c-ete as mt W$ scheduled. Miminary design 
of the water plant was submitted by Cornu, Howland, Hayes, and &rx$ 
field. 'Ihe material WBS reviewed and discussed with representatives of 
the AEC. Detail design started November 16, 1960. 

!be only construction contract now in effect is that rlth George T. Grant 
C- which inc1ud.e~ construction of the khtensnce and hbckup and 
Critical Bsactivlty Measuring Facilities. 
RLL.rmnt Rupture !bst Facility pert 02 the contract is fiva percent complete. 
Eo schedule for individual parts of the work has been provided by the 
contractor to date. 

It is estimated that the Fbel 

Ikgotiatians on a cantract with Chase Brass Company for the nrpture loop 
pressure tubes have been ccqleted, and a contract has been awarded. by 
Hoo-AEC. Total cost will be $25,300 for the tube lot of three to five 
tubes. ~ldrrrs have been wta fok $213,206 worth of equipnsnt to date. 
Total estimated mdue of equipmnt to be GE procured is $k~6,000. Addi- 
ti& requisitians for equipnmt e.stimatea to cost $37,000 cu-e out for 
bid. Sapjar equigmant items get to be requisitioned are the instrumentation 
and electrical packages. 
it- will be coslpleted by Jauuary 2, 1%. 

It is axpected that specifications for these 

!The inlet valves have been ordercd A.om Aero Supply and requisitions for 
&her long term delivery items have been issued. 

A spare PRLB process tube and a section of IVPR tubing have been procured 
for fabrication of' a s'imulated rupture loop process tube for critical tests. 

PR-10 - primsrg Loop Mom * - - P- pum~ -rated 579 hours 
during the manth for a total of 3217 hours. Tbe puxq was shut down on 
I?ovember 1, 1960, due to high vibrati-, greater than three pdls on the 
pump, and a definite motor bearing howl. 
bearings was faulty. 
deep groovs type bearing, givhg both radial and thrust protection. The 
seals were exanLmd duripg the motor repair and were in excellent condition 
with 110 mc8surabJ.e wear on the seal faces. 
sistently below one mil since msuming operation. 
being cwidered for the reactor pumps, also. 
unexpleinabJ$ increesed fram less than 0.1 gph to approximately two gph 
on Hoveniber 22, 1960. 
pgined in a normel range. 

One of the upper motor thrust 
The two upper thrust bearings were replaced with one 

prmq! vibrations have been con- 
Ihe above change is 

The leak rate suddenly and 

!5e seal temperature and motor current have re- 

The prototype pump with the self-adjusting seal assembly has operated 6l2 
hours this month for a total of 4024 hours of oper&tian. 
med at 3644 hours with no signs of wear or failure evident. 

The Aldrich injection 
Vee-Flex rings. 
520 ml, and 200 ml/haur. 

The seals were 

has now operated 2683 hours with the mlded 
Leakage rates for the three plungers are presently 80 nil, 



Process Tube no. 586-6063 has operated for a total of 5110 hours at 
reactor conditions. Examination of the fuel element was made by the 
-1s Develop-t Operation representative with no irregularities 
observed. 
Operation representative and revealed evidence of wear primarily at the 
fuel element larer spider location. 

The process tube was examined by the bbterials Development 

The replacement nozzle-to-process-tube gasket in the single tube proto- 
type has averaged less than one ml/day leakage. 

PR-40 - Shim Control Moclq. 
use during criticality tests have been coqleted. 
aad friction brakes have been installed on these units. 

!5ree special shim control assemblies for 
New Western Gear motors 

All shim control asseniblies have been received fram GE, APED, and have 
passed acceptance tests. 

mMi Special Reactor Tools. 
approval. . 

Seventeen drawings have been issued for 

The fuel element extractor w88 denvsnstrated under a simulated load of 
1900 pounds following severance of the outer wire wrap from a l9-rod 
cluster. Maximum pus- force required was 2570 pounds , 400 pounds 
greater than required for removing an intact fuel element. 

Several shroud tubes were removed from a simulated calandria bottom plate 
mangement by a new technique of collapsing the tube to release the rolled 
joint. 

Fabrication of the access plug core saw, load-aut cask valve wrench, and 
load-out facility extension hook has been completed. 

Calandria Tests. 
level instability and water carry-over observed in the gas lines during 
reactor tests. mservation indicated that water was carried over when 
500 or more gallons per minute were flowing over the weir. 
of the bottom drain plug and darn-conrer baffles for the gas lines are being 
studied. 

The calandria mockup was reactivated to study moderator 

bdifications 

Design Analysis 

PR!rR Primary Coolant Leak Study. 
coolant leak studies including the problem of nraintaining fuel element 

A comprehensive review of FPlB primary 

cooling following the injectj.cn of light water was completed. 
showed that primary coolant leaks should not result in any fuel element 
melting. 
quate supply of backup coolant for leaks of all sizes and locations. 
small leaks it is necessaryto rapidly depressurize the primary coolant 
systemby opening the two-inch vent valve on the pressurizer so that light 
water can be bjected by the secondary light water injection system before 
any fuel nreltiq occurs. 
size and location of the leak will determine what action must be taken to 
assure continued adequate cooling. 

This review 

The emergency light water injection system can provide an ade- 
For 

After light water injection has been started, the 

http://injectj.cn
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HszardsAnalge is far PRP Critical Facility. Equations were developed for 
snslog computer cslculations of the consequences of various nuclear 
accidents in the PRP Critical Facility. 
cursions fromr: 

Cases to be studied include ex- 

1. Wi- control rods at the maximum pessible rate. 
2. Raising moderator at the maximu possible rate. 
3. Dropping an enriched fuel elemcnt into the core with 

the reactor critical. 

The dbove uccuraiapss are being studied for the case of D20 moderator with 
full and half laoderator level. 

R-elimineuy nms indicated that the rod safety system would limit fuel 
temperature increases to a few degrees for any credible reactivity input. 

PmRpase ics llnalyais. A summary of two-dimensional multigrartp calcula- 
ti- haa been preparad and issued as HU-67246. 
tiate pmviaus estimates of guwer distributions from oaoe-dimensional 
analyses. Howaver, there apgasred to be substantial disagreement in re- 
activity values obtained. An analysis of these data will be carried out 
when critical test results became available. 

Plese results substan- 

Some additional preliminary data on coolast void tests in CVTR critical 
urparimbnfs was ob-. 
coalant coefficieat which they athrikte mostly to the annUus of coolant 
surraundizlg the cluster. A similar effect should be observed in the PRTR 
lattice. 

Their results indicate a decided negative 

PKPB stsrtup . Detailed procedures for Critical Tests have been organized 
in final. form to conform with the startup schedule. The eqonential mea- 
suremcnt Fa (2-1 has been deleted and several shim rod configurations 
which appeared to be duplicated were dropped from Critical Tests 5, 8, and 
u. 

Critical !L’estPr have been initiated with the first loading to critics. 
Cr;lticality wae achieved with 59 U@ fuel elements surrz)uDded by a blanket 
of 26 Pu-AI. spikcs and a maderator level of 104 inches. 
of ‘data from this test is in progress. 

F’urther evaluation 

Preparation and revlew of power test descriptions is continuing in con- 
junction with the Parer Test Sub-Council. 
Parer Test 20 (Flux and Parer Distribution) and Power Test 24 (Long Term 
Reactivity chauges ) . - 

Descriptions were completed for 

During most of the month engineers have been assigned to shifts at the 
reactor building to provide a continuaus reactor safeguards audit during 
critical testing. 
crews far performance of critical tests and analysis of data. 

Personnel have also been assigned to the shift physics 
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PKm Prim Coolant System - Stress Analysis of B-tallic Welds. 
are four binetallic (carbon steel to stainless steel) welds in the PRTR 

There 

Primary Coolant Syst& Piping. 
regions were calculated and compared to the requirements of the U.S. 
Bureau of Ships tentative code for nuclear pressure vessels. 
waa used because it evaluates the effects of transient stresses and cyclic 
fatigue stresses as well as the usual static stress criteria found in the 
ASA or ASME codes. The results of the analysis show that transient condi- 
tions (as presently outlined in the Process Specifications) will not cause 
stress intensities unacceptable to the Ships Code. However, the steady 
state stresses in the inlet and outlet nozzles of the pressurizer are un- 
acceptable to the Buships Code unless it can be shown that these stress 
levels will cause no harmful effects (such as creep or stress rupture) in 
the piping. These four azeas of high stress are also being checked inde- 
pendently by the Electric Boat Division of General Dynamics Corporation. 
After their report is received, a complete report will be issued. 

The stresses in each of these four weld 

This code 

FR!lR Operatinns Planning 

Reparation of PR!FR Operating Standards continued through November. Sixty- 
four of the 86 standards pertaining to the reactor have been approved; nine 
additional standards were issued for review and approval. 
standards are currently being written. 
Operating Procedures by the Startup Council continued. 
cedures have been approved to date. 
Operational training of the PIER0 technologistis continued with emphasis on 
console and scaler operatian in preparation for, and in conjunction with, 
critical tests. 

The remaining 
Revlew and approval of the PRTR 

The remaining 16 are under review. 
Seventy-five pro- 

Testing of the river pumps continued with Auap #1 operating 340 hours and 
Pump j#k? in operation 304 hours. me condenser orifices were reamed to 
prevent over-pressurizing the water jacket with both pumps operating. 
Rotsmeters have been installed in the air compressor cooling system to 
permit close control of the cylinder wall temperatures. 
Hofer coqressors were shipped from Germany and are expected to arrive at 
Hanford in early December. 
for Hofer campressor diaphragm replacement has been received. 
a n&er of specialized reactor spare parts items have been obtained on 
direct purchase to support the design and critical test effort. 

Spare pari;s for the 

Specid cold-rolled (half-hard) stainless steel 
In addition, 

The I-1/2-ton hoist was removed from service shortly after being turned 
over to PRTR Operations by Minor Construction since the mechanical brake 
was defective. 
hook until new brake shoes are obtained aLd installed on the 1-1/2-toc crane. 

All charging operations are being perfomd wi3h the 3O-to1i 

Review of vendor drams for the Rupture Loop and Critical Facility con- 
tinued. 
for installing the Gas Loop. 

Discussions were begun with members of Programing Operstion and Reactor 
Technology Development Operation concening the detailed procedures for 
the approval of reactor experimnts afker the startup testing program is 

Day-to-day assistance has been rendered the personnel responsible 



coqleted. 
Safe- -1s Report. 

Pze general requirenmts are outlined inkthe PEiPl Final 

Perfornrance of PRl!R Critical Testa, as described in HW-61900B, began 
during the llloplth. 

on Nommber 6. 
&-Be source attached to a U0;Z element. 
with @O and charging of UCQ elenmts began on November 15, In prepara- 
tion for Critical Test IA. 
periplcnt did not field usable information-because the loading was so far 
sub-critical. Brpnnential portian of the test is scheduled for later in 
the testing program. 

Installation of critical test instrumentstion began 
'phis hatrunrentation was tested on November 13, with a 

The process tubes were filled 

Utiplication data obtained from this ex- 

(h Hovember 18, Pu-A1 elenmts were loaded in a ring outside the core of 
63, U% demants as psrt of Critical Test a. Results of this test indi- 
cated it would take approximately 6l'TJe and 26 Pu-A1 elements to achieve 
criticality with a moderator level of 103 inches. Preparations for 
Critical Test 9 {Critical mrilpMt, pu1 Load, Two-Zcrne Loading) began 
on November 20, with the rqlacement of 002 elements with Pu-Al. 
Iilovenibar a, the loading was changed to 59 U@ sad 26 R-U. 
was achieved with a moderator lea of 103.6 inches. 

Criticality 

critical Test 1oA (Level ScnBitivity, Full Level, Two-zone Loading) 
began Hoveniber P. 
at 104 inches. 
at 930- moderator level in preparation for shim rod calibratia was 
begun inmdiataly after c-etion of Test 1oA. With fuel loading of 56 
U@ and 29 Pu-Al, the moderator was found to be worth 1.6 &/inch. 

Critical Tkst ll (Shim Worth, Full Level, Two-Zone Loading) was begun 
November 25. 
36-inch shim is 3.2 mk. With the shim positioned such that the three 
shims in an assembly are covering the core, from 0 to 100 Inches, 
assemblies in the Inner, middle and outer rings evaluate at 4 .7, 5.1, and 

Critical Test 1OB (Moderator Void Tests) performed oh November 27 indicates 
there is no discernible increase in reactivitywhen a gas bubble is re- 
leaved in the moderator D20. 
operating conditions and will therefore be repeated at a later date. 

Results indicate the moderator to be worth 0.5 mk/inch 
critical Tests 2~ anti a, designed to establish criticality 

mimimcry results indicate the mmcimm worth of a single 

3-3 mk, respectively. 

The test was not performed at typical, m 

Tests 2B, 6, and 7 were completed on November 28, and Critical Test 8 vas 
begun. 
progress at month-end. 

Test 8 (Shim Worth, '1Zrree-Fourths Level, Two-zOne Loading) is in 

In order to start up the mcpR Gas Loop safely and on schedule, an extensive 
training program for PRTRO personael is planaed. 
been set up, lectures have been outlined, training msterials have been de- 
signed, and manuals and operating procedures are being prepared. 
presently planned, the fonmal portion of the training program will last 
eight weeks, beginning Fkblvary 196l. 
operating procedures, standards , electrical and instrunrent manuals, etc . , 

A training schedule has 

As 

Informal training and refinement of 

will continue until loop startup. 

UNCLASSIFIED 



Preparation of the detailed test descriptions and procedures continued. 
Three of the Power Tests previously planned were found to be unnecessary 
and were, therefore, eliminated. 
ation of the Power Tests was restrichd during the month because of the 
necessity for personnel to assist in performance of Design and Critical 
Tests. 

The smount of effort devoted to prepar- 

Performance of Design Tests continued with major emis being placed on 
those systems needed for the Critical Teat program. 

Design Test 5C (Helium Gas Balance System - Cold) has been modified and 
extended by two addendums. - Testing of this system was begun and the 
effects of different gas balance control valves on the moderator equil- 
ibrium level were determined, thus colllpleting Addendum 2rof this test. 

Sections of Design Test 9 (Reflector Sygtem - D20) and Design Test 7 
(Moderator System, Cold - D20) were completed in preparation for critical 
testing. 
Test 48 (Moderator System Volm Determination - D20). 

Testing of the Annunciator System under Design Test 28 was begun, and the 
Criticality Alarms were checked as an addendm to Design Test 33 (Cod- 
cations and uarm systems). 

The moderator storage tank was calibrated as part of Design 

- 

The shim rods were recalibrated under Design Test 30, using a new trim pot. 
sosle of the indicator units had failed since the first run of this test. 
Minor problems still exist in the position indicators of individual 
assemblies. These are presently being corrected. 

!!!he follaxing Design Tests were essentially completed during the month: 

Design Test 27 A - safety Circuit - --Critical Testing 
Design Test 36 - Ion Exchange System, Deuterizatian and 

Dedeuterization (primary system  on Exchanger 
still to be deuterized) 

Design Test 39 
Design Test 46 

- nux Mnitoring System 
- Reflector System Volume Determination - D20. 

The Mmwl Control Interlock Tests of Design Test 44 (Reactor Automatic 
Controller) were perfomd for Critical Test purposes. 
will be done in its entirety at a later date. 

Design Test 44 

The water softeners were retested under Design Test 12 (Secondary System - 
M€scellaneous ) . 
The vendor has been requested to assist in correcting this problem. 

Difficulty is still encountered with the automatic cycler. 

Testing continued on Design Test 20 (Electrical System, Motor Control 
Centers) in conjunction with other tests. 
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2. EuficLomM CERAMICS RESEARCH 

plutonium Didde - Uranium Dioxide 

Experiments relating date calcination temperature, and hydrogen atmos- 
phere moisture content, to the structural stability of plutonium dioxide 
have been continued. 
1050 c gave an mst constaut O/P~ ratio of 1.81 mer heating for one 
hour at 1500 C in tank hydrogen (0.5 v/o QO). 
reduced to 89 O/Pu ratio of 1.88. 
than 2 v/o QO), all exhibited an O/Pu ratio of 1.98, while those heated 
in very dry gas (apprajdmately 0.02 v/o &O) showed a decreasing O/Pu ratio 
of 1.9 (150 C calcine) to 1.86 (1050 C calcine). These comparatively high 
ratios were reproduced in a repeat experiment. 

Wets calcined at 150 C intervals from 150 to 

Pellets heated in He 
PeUets heated in very wet H2 (greater 

' 

X-r8y patterns of the --sintered Pu@ surface have repeatedly identified 
Pu@ and algha and beta pU203; however, these suboxide phases may easily 
be rupovGd by grintling as little as 0.003 inch from the pellet surface. 
It had been thought that perhaps the reduction of 
effect; however, calculation of the depth of wen depletion was not con- 
sistent with the x-ray data on the ground surfaces. 
possible reasons for the reduced surfaces. 

was simply a surface 

There are still several 

1. lbe reduction may exist as a gradient, i.e., a lower O/Pu 
ratio tuuazd the surface with the ratio graduaUy in- 
creasing with depth. 

2. There exists the possibility of reaction with Mo or A1203 
f'rosr the furnace to form a reduced "skin". 

3. Possibly the surface oxidizes the %O3 to Pu%. 

These possibilities are now being investigated. 

Saqles of Pu@ sintered at low temperature have been observed to have an 
anomaly in the thermal expansion at about 650 C in which there is a plateau 
or arrest in the expaasion for an interval of about 100 C. 

have also observed Bpamalous urpsrrsion for partially reduced Pu%. High 
tenperature x-ray diffraction measuremerrts are being made to observe the 
lattice -ion for cmarison with dilatometric results, and to identify 
any changes of lattice structure. 
with the British dilatametric results (Grenoble Paper #5). 

The British 

Results so far obtained are consistent 

plutonium Carbides 

Several experinrents were carried out during the past month on stabilization 
of the PuC peritectic. UC, PuH3, and carbon were mixed to give capositions 
of PuC-35 The samples were heated to 1450 c for four 
hours in Ta crucibles and gave lattice parameters of 4.966 and 4.963 A, 
respectively. These samples were reheated to 1730 C for one and one-half 
hours in 1 x 10-4 mm Hg vacuum. X-ray diffraction after this treatment 
gave a single carbide phase with no indication of Pu2C3, although a small 

and PUC-65 UC. 



smount of aide was present. Lattice paraaretern were 4.965 and 4.958 A, 
respectively, for the puc - 35 and 65$ UC compositions, respectively. 
this same treatmnt a sample of pure PuC showed a slpBJ1 amount of Pu2C3. 

In 

A 50-gram batch of PuC has been formed by reacting Pu hydride with carbon. 
Good x-ray resolution of this phase and a lattice constant of 4.969 f 
0.003 A resulted, although a small amount of Pu@ was detected. 
was mixed with UC to give R2C - 50 UC. 
were heated to 1550 C in a 10-5 mm Hg vacuum. 
a very gray mtallic-appearing button with + = 4.966 A, corresponding to 
a carbon-rich structure. The PuC sample contained about 10 w/o of pu2C3. 

Some PuC 
This swle and one of pure PuC 

The Arc-UC mixture produced 

Another PuC spec- heated to 1700 C produced about 40 w/o of BCC Pu2C3. 
!this spec- and the aforementioned sample contau 10 w/o Pu2C3 were 
heated to 1450 C for three and one-half hours in an effort to homogenize 
the non-equilibrium structure. 
samples increased from 10 and 40 w/o R22C3 to appraimately 70 and 100 w/o 
Pu2C3, respectively. 

Two preliminary conclusions are drawn from the above data: 

Instead of approaching pure PuC, the 

1. Insertion of PuC into PuC-UC solid solution stabilizes the PuC- 
Pu2C3 decmosition on heating above 1650 C. 

2. There appears to be, under high vacuum and below the peri- 
tectic, .a breakdown of PuC to result in plutonium vaporization 
and the formation of the higher carbide Pu2C3. 
into this hypothesis will continue. 

Investigation 

Plutonium Oxide-Zirconium Oxide 

The room temperature equilibria of the system puo2-zrO2 have been studied 
by mans of x-ray diffraction. Zr@ forms a FCC solid solution with Pu@ 
up to a maxinun of 60 to 62 w/o -02. 
approximately 0.5 w/o Pu@ and 38 to 40 w/o Pu@. 
consists of monoclini.~ zirconia and a FCC Pu%-m solid solution. 

A %wo=phase field lies between 
=is two-phase field 

Plutonium Silicides 

An atteqpt has been made to produce Wi2 by heating a stoichiometric 
mixture of alpha Pu and silicon met& to 950 C for fifteen minutes. 
diffraction studies on the reaction products are under way. 

X-ray 

Fuel Evaluation 

A pqosely defected, brad cluster, U@ fuel element containing sintered 
pellets was discharged from a KE test hole after nearly three weeks of 
operation. Durhg the irradiation, essentially no activity was detected 
in the effluent coolant by the gross gamana xmzitor system. 
analyses of the effluent water revealed only trace quantities of Xe-135, 

Radiochemical 



-433, and 1-13. 
were fabricated and traaefelTed to Special Irradiations Operation. 
elements 

Purposely defected, Hanford elemcnts numbers 2 and 3 
These 

scheduled for irradiation about January 1, '196.l. 

A the-foot lag, 7-rod cluster of depleted U@ swaged in 304-L stainless 
steel tubes to a finished diameter of 0.906 inch, failed during irradiation 
in the 
and very soon mer the reactor reached full power. Detailed examination 
of the cluster ulll be perfarmed mer the fuel element is returned to BAPO. 

6xg Loop.  le failure occurred after several them cycles 

A vlbmstianally cqacted fused U% stainless steel clad fuel elerpent 
(1.44'' aD) was successf'ully irradiated in the MCR with a heat generation 
of 30 kw/ft. 

Basic Studies 

frradiated U@ ewes with burnups of 8.40 a/o and U.25 a/o have been 
exmined under the microscope at temperatures up to the melting point. 

8.40 "7 a o and U.25 a/o burnups, respectively. Non-irradiated UQ melts 
at 2'7% C 2 150. U@ mslting point versus irradiation exposure has been 
established for 13 different burwps. 
bur nu^ were observed to vaporhe rapidly at the melting point as does non- 
irradiated U%. Some crystal growth by vapor deposition was also observed 
although growth rates were substantially later than those observed for non- 
inradiated U@. 
U% may explain this inhibition of crystal growth rates. 

temperatures of 2760 C sad 2660 C .f 20° were observed for the 

Specim?ns vlth 8.40 a/o and 11.25 a/o 

coqletely non-crystalline nature of the high burnup 
It was apparent 

frOm the regular Crystals fomd that crystallinity is restored by re- 
deposition of the vaporized oxides. 

!b JEM electran microscope xas accepted'fran the vendor. 
performance of the microscope and accessories was demonstrated. 
addition to operation as a high resolution, high magnification trans- 
mission microscupe, the instrrrment can be used: 
between -140 C and YO0 C; to record tensile defonnstions of thin specimens; 
with still, stereo, and cine photography; for reflection microscopy of 
solids; and for electron diffraction examinations. 

Satisfactory 
In 

at sample temperatures 

Examination of micranlzed U@ powders sesled in stainless steel capsules 
and high energy impacted at UOO and 1200 C revealed numerous small pores. 
The porosity was attributed to release, and entrapment, of the excess 
qgen at these temperatures from the non-stoichiometric oxide. A series 
of eqerimMts was performed, using the Bridgman ana ultra-high pressure 
technique for attainlng pressures of 5W,OOO psi, in which the UQ powder 
wa8 contained in stainless steel capsules having porous end caps to allow 
the evolved gases to escape. 
of 99$ T.D. were consistently attainable at temperatures of UOO C and 
1200 C. 
was 2.04. Ekperizpents were conducted to determine the effect of porous ezd 
caps on stainless steel capsules using conventional impaction teckniques. 
lbree-inch long by 1.75-inch diameter stainless capsules contairix micron- 
ized U@ were heated to 1000 C and 1200 C and compacted at the IpBximum 

These experiments demonstrated that densities 

The oxygen/uraSium ratio of the U@ compacted by this technique 



impact pressure permissible without deforming the punch (2" disnreter). 
U@ densities attained were 95.5s T.D. at 1000 C and 97.2$ T.D. at 1200 C. 
Additional capsules containing micronized and PGlR type Uo;1 were heated to 
1300 C and compacted under the sau~ pressure conditions. Densities of 91.* 
for micronized Uo;1 and go.* T.D. for PWR type Uw were achieved. 
decrease in density at 1300 C is probably caused by a decrease in plasficity 
of the U@, as more of the excess oxygen is evolved at the high temperature. 

The 

The 

4. BASICSWELLINGSTUDIES 

Irradiation Program 

General swelling capsule No. 6 was discharged from the reactor this lllanth. 

It had operated at approximately 300 C. A total of three capsules are now 
awaiting sufficient radioactive decay to permit post-irradiation examination 
by RadiometUurgy. The day after capsule No. 6 was charged it was noted 
that the control temperature of 500 C could no longer be maintained even 
though auxiliary heat was being supplied to the capsule and the reactor was 
at a high power level. Prior experience with bench testing of capsules has 
sham that behavior of this type indicates water leakage into the annulus 
between the inner and outer chamber. The water boils and extracts heat as 
rapidly as it is supplied by the heater. Investigation of known instances 
of similar capsule failures at other AEC sites did not reveal any history 
of the reaction that could be expected in a double chambered capsule if the 
second and inner NaK containing c-er should rupture permitting the liquid 
metal to react with the coolant in the outer chamber. 

, 

Due to the uncertainties regarding possible damage to reactor components 
should water leak into the inner NaK containing chaniber of double wslled 
capsules, a general swelling capsule (without uranium specimens) was 
assenbled with perforations in both chambers and tested in a water filled 
section of a process tube. The test was conducted to simulate in-reactor 
failure of a capsule including the conditions that the capsule would neces- 
sarily have to endure after reactor shutdown and capsule discharge. Tem- 
perature and pressure indications during the test were recorded on a strip 
chart recorder. 
took place. 
mamentarily rose as high as 400 C during one portion of the test, but no 
large pressure surges were observed and no apparent damage occurred to 
components. 
dangerous than are single chanibered capsules. 
the test and the results is being written. 

my a mild reaction between the NaK and coolant water 
The temperature adjacent to the hole in the NaK chauber 

It would appear %hat double chaubered NaK capsules are no more 
A complete report describing 

Pore Size snd Distribution 

Optical and electron microscopy are being used as a direct means for deter- 
mining the size and distribution of pores in irradiated uranium. Such in- 
formation is needed for understanding how gas atoms migrate, coalesce, aui 
fora large pores. Statistical amilysis of pore density and size relatim- 
ships which exist in irradiated uranium subjected to post-irradiation 
annealing is continuing. 
from individual electron micrographs are being coxpared with those from 

Statistical significances of values determined 



other microgrspha of a given set to establish variances associated with 
random sanspling of the non-uniform pore distributions revealed by the 
high rruumificatian elect- micrographs. 
spec- with 0.29 a/o and 0.41 a/o burnq at 400 and 500 C for times 
of one and100 hours has been cweted. 
determined before annealing, and density .detenninStions after annealing 
are in progress. 
one hour post-irradiation annealing treatxmnt at 880 C is also in progress. 

The annealing of uranium 

Densities of the specimens were 

The mefallogzaphic preparation of spec- having a 

Fission Product Mobility 

A knowledge of the mobility of rarc gaa fission products in Uresium is 
import& to the understanding of the mAanism of gore formertian. 
approaches are currently being pursued in order to acquire this -le-. 
Bare gases are being introduced into non-irradiated urasium by flow dis- 
chsrge with the subssquat evolution upan heating being observed; and U-U 
diffusion couples am being prepared by either bonding depleted ursnium 
to enriched uranium for subsequent irradiation or bonding irradiated 
kum to Mn-irrediatad urazcl~m. 
t- microscogy and statistical mhthods to determine the extent of dif- 
Rrsion of rare gas fission products into that portion of the diffusion 
couple ContnfnrhnP little or no fission product. 
urazlium disk in -ton has been completed, e+nd the system is now being 
evacuated to rem aay gas that my have adsorbed on the walls of the 
syetem. 
quantitatively with the mu38 spectxmeter. 
produced by caxtruding a core of depleted uranium and a shell of enriched 
uranium in a thick copper can. 

interface and the U-U interface were quite imgular, but the contour of 
one roughly followed the contour of the other. Metallogra@y and auto- 
radiography agre!ed as to the position of the U-U interface. 
counts of the al@a tracks present in the microautoradiography will es- 
tablish the extent of intermixing which has occurred during the coextrusion 
process. 
treatments to establish the effect of heat treatments on the original U-U 
interface. 
the specimens and short cylinders will be imadiated cold in tlnmnnitored 
NU filled capsules. 
welding techniques have continued. lJltrasonic joining methods have been 
investigated as a mans for obtaining a sharp metallurgical interface 
between uranium having different grain sizes. 
achieved in couples of uranium, the technique can be applied in the prepar- 
ation of couples of enriched and depleted uranium for subsequent irradia- 
tion, as well as for couples of irradiated and unirradiated Ursnium. 

Several 

me latter technique WXU employ elec- 

The 1- time "glow" of a 

The specimm will. then be heated and the evolved gases monitored 
A U diffusion couple has been 

Two end specime~ from the extrusion have 
been metallograpbi~sllg and by d~mh~radiwpw- The Cu-U 

Accurate 

Spec- from the coextruded rod are undergoing various annealing 

Due to the irregular Cu-U interface the copper will be Uft-on 

Attenpts at joining urauium to uranium with various 

E such an interface can be 

Restrained Mat ions 

--reactor swelling experiments of Wrcaloy-2 clad uranium fuel rods with 
selected uranium temperatures, cladding thiclmesses, and exposure are being 
conducted eIllploying NaK filled, temperature monitored cgpsules. 
swelling capsules, GEB-14-95, 14-98, 14-99, 14-104, and 14-105, are presently 

Five 
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being irradiated in the HCRwith goal exposures in the range 0.25 to 0.3 
a/o B.U. 
is now being irradiated in the ETR at a central uranium temperature of 
425 C. 

One capsule, GEH-14-102, similar in design to those in the MCR 

Three, 1.6 percent enriched uranium rods coextrusion clad with Zircaloy-2 
and irrsdiated in capsules at Word are awaiting examination at the 
Radiametallurgy Operation. 

5- 

In-Reactor Creep &asurements 

!&e creep measurements of a Zircalay-2 specimen in-reactor are continuing 
in a single prototype capsule. 
with reactor modification work for the new capsule instrument facility 
caused malfunctioning of the capsule's readout equipment. However, since 
the capsule cannot be disc-ged until the construction work is completed, 
the read.ings will continue. There is no assurance that operation will not 
be disnrpted again. 

During the month difficulties associated 

Capsule and Instrument Development 

The first of the second generation creep capsules is at the reactor await- 
ing charging. 
Thorough bench testing of the capsule shows it to be performing entirely 
satisfactorily. 
of the calculations and the mechanical extensameter repeats to within 
two microinches. 
three capsules were held at the vendor's plant to be used ic tesking the 
canqSlete digital data recording system which was added to the creep 
monitoring instrumentation. 
shipped with the capsules. 
gates itself and prints the data on a pre-determined tinu3 cycle. Bis 

automatic data recording Kill permit data readout during reactor shutflown 
and startup conditions to assist in bterpzeting the influence of such 
transients on the in-reactor creep rate data. 

The capsule contains an annealed specimen of Zircaloy-2. 

ThermaJ. conductance measurements were within ten percent 

The other three capsules are being shipped now. The 

This unit is also coqleted and is being 
The data-readout system automatically interro- 

Re-Irradiation mterial Characterization 

The determination of activation energies for creep of two Zircaloy-2 
specb?ns, one in the 25 percent cold rolled condition, the other iL the 
45 percent cold rolled condition, as a Mct,ion of texqerature has 
continued. 
after an abnrpt temperature increase of 15 C are being used to calcdate 
the activation energies. 
and 60,900 respectively. 
these tests. 
in-reactor testing has continued. 
on annealed Zircaloy-2 scheduled for the second HAP0 in-reactor creep 
test. 
tion of the rod and inclined 600 to the assunu3d plme of rolling used to 
fabricate the Zircaloy-2 rod was observed in this annealed material. 

Creep rates eszablished at 25,000 psi just before and jwt 

Values found at. 348 C and 3@ C were 51,500 
Transient creep cditiom prevailed during 

Characterization of Zircaloy-2 creep specimens scheduled for 
Texture studies have been completed 

A weals texture having (0002) planes parallel t5 the rolling direc- 

UNCLASSIFIED 
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TbermaJ. Oxidation Studies in C@ 

A series of seslples of all-fiour needle coke graphite haw different 
mties waa oxidized at 750 C in C@ flowing at 1.5 cfh. T4e results 
am as fdllars: 

Purity (Dill) Avg. QxidationRate (g/ghr) 

1.902 x 
1.842 x 
3.420 x 
1.001 x 

In general, the oxidation rate decreased with 
the effect is not so -ked as in the case of 

loo4 4 

100: 
10- 

10- 

increasing purity. However, 
oxidation by oxygen. 

Surface Qdde Studies 

R.omr Amhenius plats of log IC VB 1/T for surface oxide formstion on 
graphite in CQ, least SqUaresTlupes comspcplding to activation 
energies of 28 and 48 cal/mole were obtained for two graphite samples. 
Tbese very low activation energies indicate that physical adsorption 
processes are involved. SW law activation energies are found when 
CO and 02 are adsorbed, again indicating that physical adsorption takes 
place. This fact is difficult to cain since these reactions are 
geaerally regarded to involve cheprl-sorption. 

It has bean observed that the measured aamunt of weight gain is affected 
by adsorption of gas on the surface of the quartz sanxple holder. 
this effect is relatively smill, it may account for same previously un- 

Although 

fluctuations in the adsorption rates. 

Static Gas-Graphite Reactions 

Experinmnts in a static system ContaInlng'CQ and graphite at 750 C and 
pressums between 0.4 and 1.0 atmaphere gave interesting results. 
the first five minutes there was ragid adsorption of molecular C@ into 
the outgassed pores of the grayhite s-e. 
two hours, the pressure mmained constant. 
following reaction, which is generally regarded as one step in the oxi- 
dation of graphite by Ce. 

During 

Then, during the next one-to- 
!Ibis my be explained by the 

After this period of 
the relationship : 

where Bp = 
t= 

c, + co2 e c(0) + co (1 1 

(2 1 

no pressure change, the pressure changed according to 

b 
AP-t 

pressure increase, 
tim, and a aad b are constants. 



A-43 HW-67532 . 

In the three runs conducted to date, with initial pressures of 243 mm, 
328 mn, and 756 mu, b has had the value of 0.51 for about the first 
five days and then abruptly changed to 0.40. 
for approximtely 50 days, and equation (2) still holds. 
is yet to be worked out. 

The reaction has continued 
The mechanism 

A series of 17 experiments was run this month to determine the effect of 
graphite reactivity, air flaw variation, and prior oxidation on the com- 
bustion characteristics of EGCR graphite. 
c-eted; however, the following trends have been noted: 

Data analysis has not been 

1 . Graphite reqtivity reduction by a factor of two (mhieved 
by replacement of the core with purer graphite) reduced 
the texperature rise rate at 650 C from approximately 3 C/min. 
to less than 1 C/min. 
(> 25 e/-) was noted with the less reactive graphite up 
to lo00 c. 

No exponential temperature rise 

2. After about 5% surface oxidation, temperature rise rates 
increased significantly (a factor of 5 at 650 C); however, 
further oxidation produced no change in the burning rat,e. 

Air flaw increases from 4 lb/hour to 16 lblhour caused 
temperature rise rates to increase from 0.2 c/min to 0.7 C/ 
min at 575 C. 

3. 

Coatings Evaluation Studies 

Mer testing of imadiated SIC coatings on graphite is continuing. 
saqles of Sic-coated, SA-35 graphite prepazed by the National Carbon 
Campany have been tested in flowing air at 1000 C. 
received an exposure of 3082 BED/AT. 
weight. One failed in 148 hours, and one in 128 hours; the other two 
failed in 74 hours. 

Six 

These had previously 
Of the six, four failed and lost 

Irradiation of Graphite Under Campression 

Five additional boats containing various types of graphite under a static 
compressive load of 150 psis have been charged into KW Reactor. 
graphite will be irradiated at about 500 C and examined mer discharge 
for radiation- induced creep. 

The 

EGCR Graphite Irradia3ion 

The H-3-2 capsule was installed in the E-7 position of the GETR during the 
Cycle 18 shutdarn. 
and all nine thermocouples are operating satisfactorily. The sample 
temperatures are in close agreement with those achieved iL %he H-3-1 
capsule during its early operation. 

Since reactor stsrtup, the test has run successfully 

UNCLASSIFIED 



Data from the sa&Aes from the H-3-1 experimnt are being obtained and 
analyzed. fiength and x-ray mssurex=nts are conpleted. Tenperature 
plots are nearing completion and flux data are being calculated and 
evaluated. 

Gas Loop Project Mmamnen t and ~esign (Project cM-822) 

Coarstruction installation of the services and auxiliary equipslent by Head 
~ahanica~. forces is approxiprrtdy 50% c-ete versus a$ scheduled. 
Sam delay has been encountered due to limited access to the process water 
system. ' 

rapairs have been started by bflnor Canstruction on portions of the 
"A" and I%" fraums which were damaged in shipment from Warren, Pennsylvania. 

struthers-w~s has yet to ship ave W-5 and the ware for ave V-6. 
The ORV-5 body is a-tly cracked beyond repair and will have to be re- 
cast.  he bellars for v-6 is c-ete and ready for test. 

GasLoOp Cw t Testiq. Fabrication of the two substitute main heat 
=&angers WJM completed and the in-reactor test section uaa operated at 
rated flow conditions of 190 pounds per hour. Operation of the process 
tube assembly at l5OO F was delayed by a lack of insulating spacers for 
the 50 kw heater. 
helium excessively. 

The annulus compressor shaft seal continues to leak 

The solar gFmbaJ. joint which failed after a 5OO-cycle hot test has been 
ewanrinad by the vendor. 
volute and gimbsl pfn apparently caused premature failme. The bellows 
Ku1 be replaced by SOJar. 

Insufficient clearance between a bellows can- 

7- Gn HI= IRRADIATIm DAMAGE STUD= 

NCC Research and Developxs& Contract 

The first series of samples received under the National Carbon Company 
research and develapsmt contract have been discharged after irradiation 
in a hat test hole. 
on the mxhanism of high temperature radiation damge. -black graphite 
heat-treated to 3000 Cy graphitized Continental dendridic coke, &type hot 
worked graphite, natural flake graphite, CSF (as a control), and TSX (NPR 
core graphite) formed this first set. 
progress. 

mse sees were intended to yield information 

Post-irradiation masurements are in 

Additional swes have been received under the research and developnt 
contract. 
density of 1.90 gm/d is being prepared for imadiatian. These samples 
are included as a material of a class expected to have large contraction 
rates under high tmrature irradiation. 

-black base graphite heat-treated to 1400 C and with a 
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By means of electron spin resonance techniques, it has proved possible to 
monitor quantitatively the generation of certain types of damage centers 
in graphite. 
irradiated both in a hot test hole and in the Snout Facility. 
of 2.5, 10, and 20 W/AT were completed in the Snout at a temperature of 

In these studies, single crystals of graphite are being 
Irradiations 

26 c. 

Graphite Additive Studies 

The results of irradiatiom of Texas Lockport coke graphite samples which 
were prepared with and without iron oxide additives indicate that for low 
exposures the additive induced favorable dimensional behavior normBuy 
associated with needle coke graphites. After an exposure of 2500 W/A!l! 
at 550 to 600 C, transverse cut samples without additives had contracted 
0.01 percent while those with additive expanded 0.01 percent. 
graphites show an initial expansion of 0.005 to 0.025 percent during the s&me 
exposure. Since needle coke graphite contracts with continued exposure, 
the graphite with additive is expected to behave similarly. 

A contract is being prepared for research and development to be conducted 
by the Speer Carbon Company in the use of chemical additives in the prepar- 
ation of graphite base mixes. 
research covered by the contract will study graphites in which the concen- 
tration and composition of iron cgmpuund additives are varied. 
ditive systems will be screened for similar or improved effects. 
will be applied to a needle coke mix with processing similar to that 
specified for the NPR core graphite. 
mer irradiation, this increased stability will, hopefully, be in addition 
to that attained through the use of special cokes, fine particle size mixes 
and high graphitization temperature. 

Needle coke 

In an effort to maximize this additive effect, 

Other ad- 
These 

Thus, if improved behavior is noted 

Experimental Graphite Irradiation at the ETR. 

A twrature-controlled experiment to investigate the effects of flux 
intensity and exposure on experimental reactor graphites in the temperature 
range of 600 to 800 C has been designed. 
in the N-14 position of the ETR. 
in this capsule are a furfuryl alcohol impregnated graphite, a hot-worked 
graphite, a raw coke graphite, and a special isotropic graphite. 

The capsule will be irradiated 
The graphites to be compared with CSF 

High Temperature Experiment 

Tantalum capsules to contain graphite samples at about 2000 C in the center 
of ceramic fuel elements during irradiation have been fabricated. Labora- 
tory tests will be made with the first capsules to determine the amount of 
carburization to be expected during irradiation. 

Electron Microscopy 

Two samples of KCF graphite which have been studied with the electron 
microscope by replica techniques were irradiated at 30 C to an exposure 
of 10 W/AT. Each sample had been polished, cathodically etched, and 

UNCLASSIFIED 



referenced by scribing to facilitate before and after irradiation studies 
of identical areas. 
the extrusion axis of the bar from which they were cut. 

Polished surfaces are parallel and perpendicular to 

Sha&wed replicas taken before irradiation show systems of p-el 
trenches etched into the surface. DI cross-section these trenches are 
either V-shaped or have one nearly vertical and one sloping side which 
suggests their shape is controlled by the angle of intercept of graphite 
layer planes with the surface. They are spaced from 0.5 to one micron . 
apart and have been traced individually for distances up to 40 microns. 
These features can be straight, up to 20 microns, or cufad, and are 
occasiawJly intemrpted or offset by transverse crack systems. 
between two differently oriented systems of trenches are ncrt often clearly 
defined. 

Interfaces 

In urplspetion of the trenches, it is proposed that they represent a 
system of separations lpsrallel to layer planes. 
trenches is ab& 10 times the crystallite dimension in the & direction 

lites separated into sheets which ccpltain 5 to 10 crystallites across their 
width. 
from the relief of stresses induced by differential contraction as the 
natarial cools after graphitization. 
ti- would result in formstim of the observed trenches. 

The distance between 

88 mm by X-ray diffraction. Plis would Swat -S Of crystal- 

The fonaation of such separations can be explained as resulting 

Accelerated etching at the separa- 

0. 

Conceptual Design - Fuel Element Fabrication plant 

A study was conumnced with the purpose of estimating costs of the various 
operatiam in the manufacture of plut&um-bearing fuel elenrents using 
advanced, high wlume fabrication methods. 
lxrput data end several check points for the FEFJ code being developed by 
the Programming Operation. 
detail, and estimates of reject and spoilage rates in s~me of the steps 
were made. 
were listed. 
be issued in December. An offshoot of this work is a statistical study 
of economical graup size in testing. !l!his study indicates that when reject 
rates are low, go-no-go tests conducted in groups will substantially reduce 
the number of tests required. 
'%conomi.cal Groupings in Testing," by H. E. Hanthorn, November 30, 1960 
(Unclassified). 

The resulting work will provide 

A diagrammatic flowsheet was prepared in some 

Preliminary assuqtians upon which the study Ku1 be based 
A preliminary report outlinipg the scope of the study will 

This study is being reported as HW-67524, 

D. RADIATIOIP mCTS aET M3TAIS - 5000 PROGRAM 
Radiation danqe recovery is being studied for a number of nretals, namely, 
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless 
steel. Complete microhardness recovery occurred in irradiated copper after a 
one-hour isochranal anneal at 550 C. 
occmd at temperatures below 725 C. 

No recovery of electrical resistance has 



Studies of lattice parsmeter variations are being conducted on molybdenum. 
me molybdenum specimens, containing 0.06 w/o carbon, appeared to age harden 
in the range 275-525 C. 
irradiated .control and 10.7s and 16. 
exposures of 4.4 x 1G8 and 1.5 x dg'nvt. An unirradiated molybdenum 
specimen waa isochranslly annealed, and it was found that the lattice parameter 
increased siepificatly at 250 C. 
sharpening of the (400) diffraction peak. The (400) line width reached a 
minimm at 300 Cy then reached a second maximLup at 400 C, at which temperature 
the lattice parameter also reached a mari. The lattice parameter then 
decreased steadily up to 700 C, and the line width remined nearly constant. 
Without further informstion it is difficult to postulate a mechanism, al- 
though it is probable that the process involves carbon atams and is enhanced 
by the presence of radiation-induced defects. Work is in progress to deter- 
mine the reaction kinetics in both irradiated and unirradiated specimens. 
Irradiated mlybaenum specimens have exhibited two distinct recovery regions 
at high temperatures. 
800-825 C and 875-950 C. Recovery occurred at 800-825 C and 975-1000 C in a 
specimen with an exposure of 1.5 x 1020 nvt. 
termined for these reactions. 

The increases in microhardness were 6$ for the un- 
respectively, for specimens with 

Attendant with this increase was a marked 

A specimen exposed to 4.4 x l@8 nvt recovered at 

No metics have yet been de- 

Recovery of irradiated iron has been studied at 175 C and 375 C. 
375 C in a spec- with an exposure of 1.5 x 1g0 nvt is characterized by 
first order kinetics. 
the basis of incomplete data, is 0.5 ev (ll,400 cal). 
is the radiation-induced re-solution of Fefl or a complex nitride upon 
annealing. 
activation energy of 0.3 ev. 
indicating a complex reaction. 
follar. 

Recovery at 

The activation energy for the reaction, calculated on 

Recovery at an exposure of 4.4 x l&8 nvt at 175 C involves an 

A possible mechanism 

The reaction order appears to be intermediate 
Further interpretation of the data will 

Radiometalluray Service 

The stainless steel lead rod fromthe most recent Bbritime Gas Loop experinrent 
in DR Reactor was removed and sectioned into one-foot lengths. 
sent to Chemical Effluents Technology Operation for examinstion of film de- 
posits. 

(RM-340). 
decontaminated, and transferred to Radiological physics Operation (RM-341). 

These were 

After examination, the stainless steel was returned and disposed of 
An antimony-beryllium neutron source was received from 105-D Area, 

Examination was started on an 1843 fuel element (1656 C) to de-cermine the cause 
of rupture in the inner spire. The spire was blocked me and one-quarter inch 
from the male end, but because of the intense radioactivity ewountered, 
further examination in the ter;-inch cell was impossible until so= of the 
sctivity had decayed off. Examination will be resumed in DeceIliber if the 
radioactivity has dropped to a suitable level (RM-42l). 
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Work on preparation of substrates which will be used to support extremely fine 
psrticles during examination in the electron microscope continued during the 
nranth. 
study in progress, i .e. , the examination of fine particulate matter trapped in 
millipore filters. 
evaporation resulted in dark spots on the substrate which could be misinter- 
preted during a particle count. 
substrates wart -, snd the fine particulate matter which collected on 
the Upore filter paper was transferred to the silicon monoxide covered grids 
by dissalutlon of the miUipore in acetone. BtnmItion of the particles in 
the electran microscope will follow. 

Good carbon substrates were obtained for nom usage but not for the 

A snfall ammt of sputtering of the carbon rod during 

However, sqerior Querlity silicon =oxide 

Sections of a reactor-grade graphite rod, 10 mils thick, were glued to bakelite 
. mnrpts and a mctallogrsphic finish was given to the urposed surPace by Syntron 

pdishlng. 
also was polished. 
pphite bet- so thin that the bakelite could be seen through the graphite 
specimen in several areas. 
muxrts and thinned further by etching in a potassium dichromate-phosphoric 
acid bath for 30 mlnutes at 100 C. 
floetad in acetone, and collected on grids for examination in the electron 
microscope. 
grsphs taken at various nm@ficatiopB. 
also made to show preferred orientation and particle size. 
in& the spec- Ku1 be used by loPvPetallic Materials Develapslent Operation 
in irradiation tests to study irrsdiation damage. 
graphite will also be included in the irradiation tests. 

The sections were removed from the moullts and the opposite face 
plfs tiE, however, the polishing was continued until the 

!The graphite sections were again removed from the 

The thinned graphite was then washed, 

Areas of interest were located and a series of electron micro- 
EZectron diffraction patterns were 

The grids contain- 

Thin films of natural flake 

Other mstallogrsphy service work perPormed during the nranth will be reported 
in connection with the respective reeearcfi and developmnt program served. 

Saaqzles Processed During the Mxrtkt 

Total Samples 680 
Carbon Replicas 19 

* Two work orders totaling $23,000 were received on Noveniber 23 for initiating 
work on the full-size NPR charging machine. 

Design development of a nozzle adapter has been completed and fabrication of a 
prototype has begun. 



An engineering evaluation of the "C" elevator Wzine guidance system has 
started. 
l5-foot elevator space, be retractable to the Il-foot elevator width, permit 
uhpeded personnel passage when not in use, permit connection to several ad- 
jacent tubes with me elevator setting, and allow limited elevator movement 
while in position. 

The guidance system must support the charging magazine over the 

For kmger, Reactoz%d Fuels 
Research and Developmnt 
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PBYSICS AND l3'STRm RESEARCH AND DEVELOPME8.T OPERATION 

MONTBLY REPORT 

NOVEXBE3 1960 

Eqmnential Pile MeasurementB for N-Reactor 

Material buckling measurements have been ccmpleted in the condensed lattice for 
the fuel elements with water coolant. 
2.3" x 1.8" and 1.1" x 0.5". The lattice spac- 
ing was 7.56". 
air coolant. The information is summarized in Table I. 

1 

The fuel elements were concentric tubes 
The enrichment was .9&$ $35. 

&elidnary results are av+able for the fuel elements with 

FOR THE COIlDENSED LATPICE 

Buckling 
10 -6 a- 2 Coolarrt x(s-s) ~(F-R) 

239 Water 1.0 0.8 

48 Air 1.0* 0.8* 

* Estimated extrapolation lengths taken fran measurements for the water cooled 
. fuel elements. 

The h(s-8) in Table I is the side-to-side extrapolation length. 
the front-to-rear extrapolation lengkh. 

Bucklings were measured in the mockup lattice with graphite rods, with Lucite 
rode, and with alwnimm tubes fW.l of water in the control rod channels. The 
change in buckling upon removal of the gr phite rods and insertion of nine one- E inch diameter Lucite rods is +3 * 4 x 10- cm-2. 
inserting nine 1.93" I.D. aluminum tubes f'ull of water is -22 x 10' 

The X(F-R) is 

% me change irr b~c ing upon 

PCpl Measurements for,N-Reactor 

a. Lattice Parameters 

!Fhe analysis of data fran PCTR measurements is proceeding. 
tained for E and p are calculated assuming that the 6 should be measured by 
the IQIL method which does not use cadmium covered foils. 

The values ob- 
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Moclarp 
Wet - 

1.050 

Condensed 
Dry 

-I 

B .a0 

b. 

C. 

d. 

q infemed 1.420 1-397 

mTempcratura coafiicient 

The niobium wire was received on Emanber 14 and the heater assemblies have 
bemn built and tested, ualng a graphite dumy fuel element. 
assembly has been operetad successfully to t-ture exceeding 900%- 

This test 

since the art- fuel be Mted I&-, a lerge (-100 - 
200 C) tensperatwe difference will be present between the inner and outer 
Aral cylindere. !Chis difference msp cause sane dif'ficulty in deducing the 
appropriate mean flml temperahre. However, thts difference may also make 
it Boseiblc to infer the size of the surface and volume canponents of the 
Atal temperature coefficient by gener&ing a large temperature difference 
between the inner and outer cylinders, whlle the outer cylinaer is near roan 
temperature. 

HiRh Te~n~er8kure Flux Distributions 

A study Is being made to design a core for the PCPR which can provide flux 
distributions with the graphite and water netu operating temperatures. 
Calculations of the fast and slow flux distributions indicate that a 9- 
cell afia3r needs additional buf'fer fuel to flatten the fluxes in the array. 
However, this Wer fuel need not be the same aa the lrQR lattice. In fact, 
the amouzrt of this Arel, its enri-, and its spacing can be adjusted to 
allow better matching of the neutron temperature. 
be 88 large aa possible to allow most of the neutrons to slow down into the 
hot Msxmdlian distribution of the core, rather than the cold distribution 

The hat core region should 

of the driver region. 

The possibility of water loss in the 9 tubes is not a hazard to reactor 
operation, since the core is udemoderated and water loss will result in 
a loss of reactivity. 

E?llx Traverses in a Heated Lattice 

Egperiments in the PClIR or TLIR thermal column axe planned at high tempera- 
ture. 

Heating is to be prwided lqr silicon carbide resistance heaters that will 
have. a.minim8l effect on neutron distribution. 
be"~l&nLteb+by a lapr of lampblack between tube block and process tube, 

Heat loss to the water will 

- &.water temperature wiU be controlled by a smaU recirculation system- 
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Design work continued on the he8ting and temprature control systems. 
heater was tested and graphite temperature of 860 C obtained. 
of pdwer lines for heat control is 20 percent canplete. 

A 
Installation 

e. Uranium Foll for fg of p and E 

Several kinds of ur&ua foil am wed in lattice parameter measurements: 
depleted, natural+ slightly enriched, and fully enriched $35-Al alloy. 
At least two offeite v@iors now have the capability to prme this foil 
for our dses, elhina”%ng our bpendence on the present on-eite facilities 
vUch hwe became upsatlt@$ac%ory. An or&er is being processed for enough of 
the txraxaium fail to s’e..tse arp. naed;sr, including sme O.OOO5” foil to use in 
*he study of resoaBDcB aheurption on uranium surfaces. 

JIFH(. steq, mapaing 

A tentative Ut of S%~W%IQ Oewbs oirrmlated by Operational Physics, IPD, was 
rCVimBd and returned with capmanta arid additions. 

Optimi$cp$.ion of Rertu?W Laf-itia,@s 

eparing to install larger process tubes in C-pile. 
o be the stre- oftb &ety system in the flooded pile, so an experi- 

ment 19 being prepared to meee %be change in the rod strength for the over- 
bored lattice. 
constructed containing six safety rod supercells. 
upon subst;it&ion of the larger fuel element can be measured with Lucite in lattice 
voids to simulate floodiag. 
a later meaguremsnt is under eonraideration with a mixed logding of natural and 
enriched &el. 
frm the AtaxLc Energy Canmission to proceed with the research, developent and 
design work needed for the retubing. 

The limit- factor 

Msterisls arm being ordered so that 811 8-foot exponential can be 
The change in rod strength 

The first experiment would use natural uranium, but 

No experiments will be performed until IPD receives approval 

Data Carrelation and Wsis 

a. Buckling Results 

A report consolidating exponential pile data is almost canplete. The report 
will include all available unclassified data on the geanetry and physical 
characteristics of both the lattices and the exponential piles, and the meas- 
ured nuclear data including bucklings, extrapolation lengths, and cadmium 
ratios. Cross references to published data and unpublished notebooks will be 
included. 

b. Neutron Temperatures Derived frcm Flux Traverses 

The neutron temperature for several lattices has previously been derived by 
Pitting experimental flux traverses, assuming the epithermsl absorptions have 
the same distribution as the thermal absorptions (IWRO Qwcrterly, Fall, 1960). 
Calculations of the epithermal flux distributions have now been made to allow 
separation of the effects of neutron temperature and epithermal flux depression. 
As expected, inclusion of the eipthermal flux depression reduced the derived 
neutron temperatures, which now vary fran 20 to 80° above the physical tem- 
perature for a factor of three variation in the carbon to uranium ratio. A 
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single epithemal group using staudard cross sections did not give an ade- 
pte description of the epithermal flux, so up to six groups were used. 
Using the six group results, a single epithermal group can now be defined, 
using adjusted cross sectlam, to give the same results. The reduction to 
a single epw;rp is needed to allow slmpler analysis of the Urge amaunt of 
buckling dah aYailable. 

Lattice psramhters of Large Diemhter Ehcls 

a. 

b. 

Mmuscrlpts of tw> formal reports hawe been mibitted to Technical Publica- 
ti-. 
in a 7" Uttice, ad the second describes measumments of k; f, p, asd E 

for a concextric tube fuel. 

'phs first describes the FCTR measurements on cluster f'uel elemexrts 

Mamrements of lattice pammters of a 2.5 inch diameter, natural uranium 
-1 elemext in a 10-1/2-inch graphite lattice have been made in the PCTR. 
Analysie of the data has fielded the prelhimay results listed below. 

1G, 1.015 1.024 

f' 0.871 0.941 

Eupone!ntial Measurements of Large Diameter Rael Elements 

Material buckling msasuranents have beem ccmpleted for a 2.5 inch x 1.6 inch 
natural uranium f'uel elemext gt a lattice 
coolant. The. finsl buckling is -45 x 10 an- . The extrapolation lengths 
used were 2.4 inches side-to-side and 1.03 inches front-to-reax with the sources 
clustered. 

ing of 12 3/8 inches with water 
-67 

A physics analpis of the PCpR operating safety specifications is in progress. 
The safety analysis is deemed wise in view of the facts that operating condi- 
tions and experiments have changed appreciably over the past five years and 
that the effective enlargement of the cavity has been a f'urther substantial 
cbaage. 
wlll be necessary when the PCpR driver fuel is loaded into the newly drilled 
outer rings. 

particular attention is being given to the safety specifications that 

Diffital Canuuter Codes for Reactor Ilnnl_vais 

A FOEEWU! listing of C-6 was received during the month and a copy of the source 
deck is expected shortly. C-6 is the most recent AHP slowing down spectrum 
code. 
was written in ?RXlRAN I lan&uage with no subroutines. 
C-6 the easier of the two to copvcrt for local use with the 100 point cross 
section data tape. 
present coding will be discarded in favor of an imprwed method for coupling 
the slowing dam calculation to the 100 point data tape. 
simplify input and make the resulting program more canpatible to the present 

It is written in FORTFWl II language with 35 subroutines, whereas C-5 
This difference makes 

All work on converting C-5 has been halted and most of the 

The new method will 



C-6 code. 
have been revised. 
of the FoR!mw cards fran Am. 

The multigroup code UM-6 wae used for a few tr&al ~uns during the month. 
is potentially an imp-- over -5 in two respects: 
what eaaier to prepare beam$@* of an internal library of cross sections for 
c~mpo~l ma%eriaJ.s, a,td 2) its 'lintt is 18 groups instead of 12. 
axe offset by the -e of sketcby information about the code. 
a binary deck is gvailabht 
tive error lacation la miss-. 
are reasonable, athers.) usjag different optionsz gave obviausly incorrect results. 
Efforts to laoate thar cfurs9 of thse errors have so far been frustrated by the 
sketchy infamuskion avaiUble, 

Six of the C-6 subroutines have been ccrnpletely recoded and six others 
Comgilation and debugging will not be started until the arrival 

-6 
1) its input is sa- 

These advantages 
Since only 

the detailed IPXtEWV infonnation needed for effec- 
Altlacn@bacms of thw trial rux4 gave results which 

Catlput~iorral Pragremming miaee 

The exponen- pus d&@ cion code, VTOC& has been placed in routine pro- 
duct- saetus and is operabing satisfaetorily, 
revisione to OOFlT-2~ 4&e cosrtnedltting ccmpanion eode of VTOCL, has been comp- 
leted and the code is being debugged. 
msta 66 cmplete. 

The prok-3 portion of the 

The over=ell effort ia estimated as approxi- 

Instrumentation and Qmt ,-es 

Work proceeded on &ending the reactor kinetias equation study. 
been proved the basic equat%oas have only unstable solutions. 
represented by two reactors coupled together, with neutrons passing back and forth 
between them, the solutions c8n be wen more unstable. 

It has alreedy 
If a reactor is 

One can reason frau plvrailaal intuition that with negative temperature feedback, 
the solutions would al~ be &abley but it might be possible to have sustained 
oscillations. 
reactor tempemrkwe, the stability of the solutions has been verified--but the 
oslcillatary mlution does nab appeer. 
teurperatm repmaentation must be used. 
is t;he ntloct step to be taksn. 
possible eantrol system ban begin, 

Preparation of f'unctianal spedficatioas for the Slow Scan portion of the NPR 
Fuel Failure Monitor is nearing canpletion. 
was resumed on the 
tion on the frtll-ecale moclny?. 
amplifier which will replaw the more expensive original solid-state dc amplifier. 

TIsing as a first apprrxlmation a very simple equation to represent 

Mther intuition is wrong, or a better 

This must be done before the synthesis of a 
Exploration of the second possibility 

Active experimental development work 
Scan System concept. New slip rings are ready for installa- 

Satisfactory tests were completed on a new magnetic 

Extensive phototube testing has confirmed thatsthe prototyp NPR Dusl-Probe Scin- 
tillation Area Monitor will not give &~Geptable performance under the operating 
conditions now expect&. 
established a yeex ago uhen developexit began, phot-tiplier fatigue effects 
follawing oaxusional qpomtrgg to high radiation levels which are now predicted 
would caue excessive reading errors, No satisfactory solution to this problem 
has been deumm%rated ts lh addition, LPD personnel rmw strongly favor a 
10garithtLc response =%her -t;han bhe lineaz systemr 

Although the instrument performsnce meets the criteria 

At this writing, Instrument 
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Design - -0 is considering an ion nhnmber detector plus electraneter systen. 
Howhverj it appesrs that the cost of such a system may be more than double the 
$600-700 per monitor (106 st&ions) originally estlmated. 
teats are contiming on two colrmercial instrumexxts to assist Design. 

Accelerated evaluation 

The prototype scbtiUation transistorized HPR Betadamma Air Monitor was cap- 
ICted, teated satisf&orily, and delivered to 100-D Areacfor field tests. 

Deaign sketches ham been prepsmd for an experlmcntal radiation ratio pyraueter 
to be used for reactor ma&re&qt. temperature messuremhnt. The desa is similar 

modlficstione to penult accumte focusing on objects 15 to 30 feet distant. 

Heutron flux and outlet temperature data obtained during the recent power rate- 
meter tests at 100-D reactor were amlyzed to determine an approximate tempera- 
~varsus-fl~~~ transfer function. 
monitor and high-sensitivity recorders, a-e planned in the near future to 
corrFlrm the power rstemetcr data ad to obtain a mQpc accurate relationship between 
outlet teaperatawe and control rod position change. These data will be 
useful in studying the control characteristics of the closed loop control test 
referred to below. 

to the unit built far m coertruaaa fuel temperature measuranent but includes 

Additional tests, us- the zone tempe~ture 

A ming ~88 called by Operational mice -tion, IPD, to discuss a pro- 
pad closed loop control test for 100-D reactor. = was decided that Systems 
Research Operation should det- the appraxdmste pxrtrol -eristics of 
the individual test loops as a guide in the selection of control equipnezrt and 
test procedures. This infomation will be obtained &an actU test data (an 
lOe~ reactor) ana frat an analog ccrpguter simulation of the test loops. a 
question of whether to use a scatll?ing system, with a single controuer, or 'sepazate 
controllers for each rod was diecrrssed. I3 was decided that more Mormation was 
needed on the loop control characteristics, and on available eqpipent, before a 
decision could be made. Systems Research had suggested scanning because it appeared 
that (1) system reliability could be better than Kith a group of controllers, 
(2) self-checking circuitry could be incorporated with little additional cost, and 
(3) sane type of acw or logic circuitm appears necessaq even with the con- 
tinuous aotrtrollers because of the limits presently placed on the number of rods 
which can be moved simultaneously. 
Developnext Operation, IPD, will be working together on this test, and pre1imbxt-y 
contact has been made with ID0 engineers. 

Systems Research Operation and Instrument 

Thc heat exchanger analog ccmputer model for the IrspR has been checked out against 
the model used by GEL. The results were identical for the two models. 

The speed of control problem for the old reactors and C-pile was again run on the 
analog ccarputer this month. The lifetime R* was varied to determine the effects 
on the operating curves. 

me IrspR pressurizer analog program has been caupleted and the system is presently 
being studied on the GEDA canputer. 
caapleted by mid-December . The analysis of the pressurizer should be 

A study of the secondary loop of the mpR has been started. 
consist of a transient -is and stability analysis of the entire secondary 
system, 

This study will 

This system will include the SecOndarg side of the primary heat ex- 



changer, dump condensers, surge tank, primary pump and turbine generators as 
well as automatic control for the heat exchangers, dump condensers and surge 
tank. 
and analog simulations by mid-December, and having the problem on the ccmputer 
as soon as possible so that it can be used during the HAP0 review of the Burns 
and Roe primary and 8econda;ry systems control specification. The simulation 
will be canplex and require the use of both the GEDA and EASE mog cauputers. 
Equipent limitations, particulazly multipliers and Arnction generators, may 
require that the system be sinrplified by making linear appraximations. 

SEP~IOIPS 

Plutonium Critical Mass Facility 

The control and safety rod assembly, and tamper tank assembly for the reactor 
vessels, were received at the Critical Mass Facility on November 7. 
of these ccnrponents in the reactor hood was begun in preparation for the initial 
series of criticality experiments with Fu solutions. 

Work was continued on mdifications to the Fscility preparatory to the first 
criticality experiments. 
rently moving process vdves into the reactor hQods and are extending the pump 
hood in the reactor roan to include additional valves and tubing fittings. All 

fittings which cannot be located within hoods will be back welded. 
valving is to be installed on the metering pump and the fast pump in the pump 
hood. 

The time table for this problem consists of developing the equations 

Lnstallation 

Minor Construction (J. A. Jones) personnel are cur- 

Bypass relief 

In pre-startup testing by personnel of Critical Mass Physics, the transfer pump 
in the miXing hood and the fast fuel addition rate pump in the reactor roan were 
found to be unsatisfactory because of their inability to self prime. Two Vanton 
"Flex-i-liner" pumps were ordered as replacements. 

Cost estimates are being prepared by mor Construction for a number of the modi- 
fications to the Facility (primarily the solution handling system) which are 
expected to result in over-all improved flexibility, safety, and contamination 
corrtrol . 
Design of a split table remote assembly machine is proceeding again after con- 
siderable delay because of the lack of draftsmen. 
in the conduct of criticality experiments with Pu%-plastic mixtures. 
234-5 Develapnent Operation reported that stability and gas evolution tests were 
being made on a sample Pu%-polystyrene canpact. 
material to have a much smaUer gas evolution rate than polyethylene samples and 
less than methyl methacrylate samples. 
PuOpplastic mixtures will be made with the polystyrene mixtures. 

This machine is to be used 
The 

The first results indicate this 

If so, the first experiments with 

Miscellaneous Experiments for muclear Safety Specifications 

1. Pulsed Neutron Source Experiments Applicable to Nuclear Safety 

A theoretical investigation of the feasibility of using a pulsed neutron 
source technique (pulsed neutron source and time analyzer) in pre-criticality 
instrumentation for nuclear safety applications in the separations plants was 
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campleted, The datsils of this study will be included in a forthcaning docu- 
ment, HW-67562, On the Application of FUsed Neutron Sources to Safety-Bob- 
1-9 by W. A. R& n. - 
@ utilizing the pulsed neutron source technigpe, a burst of neutrons is fed 
Into a subcritical aesenbly; the ti& decay of the neutrons is then measured. 
Frau this mcamreiuent it is possible to detefninP the effective nrultiplica- 
tioa constant (ktff) ad to obtsia other useful informstion concerning the 
criticality parameters wUch chsrscterize the system, 

'phc results of the mnt study are rnnnmsrized below: 

a) AB a device for measuring hff as a "spot check" or as part of a periodic 
safety check of vesaela that are potentially a ssfety hrpzsrd, the method 
is certainly applicable. 

b) Calibration on critical or near critical syetems would be needed, unless 
sane new wrty is found to'relate the decay constant to the I+=. Consider- 
able work ranains to be done on the theary of such systems. 

Thc application to system of st- afi8~rs hat3 not been studied in any detail 
at gresemt. 

The study reveals some ancillary beneflts, most notably the possibility of 
mepreuring independently, the neutron generation time, and the effective 
del- neutron fraction. 
can also be rapidly evaluated, e.g., control rod strengths, reflector worth, 
reactivity coefficients, and temperature effects. 

A considerable mxber of other ita of interest 

2. of & in the pcI27 for Aqrre a~8 U-235 S0lUt;iOn 

Plans are! being firmed up far measuring the limiting just critical concentra- 
tion of Us35 in an aqueous solution utilizing the PCIIR. Design drawings of 
the contadnmerrt vessels for the experiment were submitted to the Technical. 
Shop for fabrication. 

A 002p2 solution will be used. in the e!xpriment. 
being obtained on a loan bas- fran the 

The purpose of the e!xperhetnt is to re-evaluate and check the maximum concen- 
tration of U-235 for which k,, $ unity. 
will be cmpared with those mort& by and will serve as a cross check 
between the two laboratories, This meesurement will also provide another 
"known value" against which to check the PCTR method. 

The uraqyl fluoride is 
Criticslity Group. 

The results of these measurements 

Data Correlation - Develapnent of Nuclear Codes for Criticdity Calculations 

The ATM-~ multigroup, one-dimensional, diffusion code has been made operable on 
the At the present time, the cross section library 
consists of an eighteen 
published by C. B. Us 73 To check on the applicability of this psrticular 

709 monitor System. 
p set far fast and intermediate reactor calculations 

(1) C. B. Us, neutron Cross Sections for Fast and Intermediate mcleaz 
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cross sect ion 
spheres. The 

set to plutonium systems, calculations were made for plutonium 
range of hydrogen-to-plutonium ratios used was fran 500 to 0. The 

results of the survey are given in the table below along with similar results 
given by Dr. H. C. Paxton of Los Alamos. 

500 
300 
200 
100 

50 
30 
20 
10 

Pu Density Critical Volume in Liters 
AIM-6 Dr. Paxton A?&L - 

2 
1 
0 

53 
87 
128 
258 

12.75 
io .27 
9.95 
80s 

ll .O 
9.8 
9.2 
8.6 

7.41 
6.86 

4.61 3 -9 
6.40 

8.1 
7.6 
6.8 

3 -07 2.2 
2.19 1.4 
1.68 1.0 
1.14 0.62 
0.58 0.29 

As noted f'run the results in the foregoing table, the calculations with the 
m-6 coded its present cross section llbrazy are in poor agreement with the 
values given by Dr. Paxton. 
the code to plutonium solution calculations, the cross section library is 
presently being replaced with the cross section set utilized by the 9-Zoom 
code. The -6 code is a much more versatile code than 9-%m in that it will 
perform a criticality search on buckling, fuel concentration, poison concentra- 
tion, dimension, or the position of a poison boundary. 
dimensions were specified, the critical concentration could be determined; or 
if the fuel canposition were specified, a search could be made to determine the 
critical dimensions, etc. 

D anticipation of improving the applicability of 

For example, if the 

Criticality HRZEC~S Specifications 

1. IWcleaz Safety in HLO 

a) The nuclear safety of the autoclave facility in the 308 Wlilding was 
d and camnents subnaltted to the Plutonium Metallurgy Opera- 

tion revivT It was determined that the present batch limit of 35 PRTR 
fuel rods per autoclave could safely be increased to 70 rods. 
are two autoclaves in this facility spaced six feet ap&; each is 6.5 
inches in ID and 12.3 feet in length. 
PRTR fuel rods (plutonium-aluminum alloy rods of 1.83 w/o Pu, 0.5 inch 
in diameter), the minimum critical spherical mess is 94 Kg of alloy and 
the minlmrlm critical cylinder diameter is 13 inches. Since the 70 rod 

There 

Calculations show that for the 

(1) Letter fican C. L. =am to R. E. she;rp, 
f icat ions for 308 Building Autoclaves , '' 

"Revision of INclear Safety Speci- 
November 11, 1960. 
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charge contains ow 53 IQ of a~ay and the autave is ow 6.5 inches 
in diameter, the autoclaves are adequately ssfe far the new limit. 

b) mucleax safety Specifications for HLO 

The roll- Bpeciflcation waa Issued by the Fuel Element Design and 
-8 Fabrication Developnent Operatione: .. 

!l!hia brings the total nmaber of BLO specifications issued to date to 19. 
It is estimated that sir spccif'ications are required to cover the Plutonium 
Metallurm operation; as soon as these are issued, specification corewe 
in the laborstories will be essentially caaplete. 

c) Weaz s~fety in Tramportation 

9," A meeting called by the Radiation Protection Operation w&8 atte 
~menber 7, 1960, to discuss standards foi. radioactive sbipnts 
Representatives fram CEDI ED, FPD, HLO$ CWO and WO were in attendance. 
Tt Wae poizrted out that the Radiation Protection Operation has Aurctional 
responeibilities taward preparing and publishing HAPO radiation protection 
standards and radioactive shipnent standards. Rpo, therefore, offered to 
became the focal point for published HAP0 documents and letters on this 
subject . 

3 the nuclear 
CQnnents were sumtteti to ~dvanced ~4gineering of ~m) come 
safety of uranium in the enrichment range of 0.95 - 1.16 U-235 1. This 
infarmstion was needed aa a guide far the evaluation of future production 
plans in Fm). 
in this enrichment range were ccarpared and basic criticality values were 

gfvep. 

The characteristics of hanogemeuus and heterogeneous systems 

Maas Spectranetrg 

The work on irrpestigsting the effects of pretreetmerrt of ion source filaments 
on ionization efficiency was continued using the mass spectrometer for this pro- 
gram. 

A new study was steed on the effects on abundance sensitivity of a simple 
potential barrier Ion energy discriminator on this mass spectraneter. The elec- 
trode structure at the detector of the spectraneter was modified and installed 

(2) Letter frcnrr J. W. Vanderbeek to E. D. Clwon and C. L. &am, "standards 
for Radioactive Shlpnents," Xovember 15, 1960. 
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on the spectrometer. Studies are 
also in progress on the ion optical properties of the barrier and of the electrode 
geanetry through the use of amlog electric field plots. 

Experimental studies of this system have begun. 

NEUTRON CROSS SECTION PROGRAM 

Slow Neutron Cross Sections 

During a reactor outage early in the month sane work was done by Facilities Engi- 
neering Operation, IPD, on the X-2 level at lO5-DR adjacent to the single crystal 
spectruneter. Following the outage it was discovered that the neutron intensity 
was one to two orders of magnitude less than that immediately preceding the outage 
indicating that sane severe misalignment had been caused to the spectrometer during 
the outage. Work is in progress to detexmine the source of the misalignment, and 
the spectrometer is presently shut down. 

Fission Cross Sections 

Sane previously reported data on the fission in low lylng resonances of Mp 237 
was reanalyzed. 
resonances was developed and applied to obtain peak resonance fission cross sec- 
tions by a least squares criterion to the 1.325 ev and 1.476 w resonances. 

Amethod of deriving resonance parameters of two overlapping 

Slow Neutron Scattering Cross Sections 

The three axis spectraneter was set up to be better optimized for the study of 
large down scattered energy changes. 
at an incident energy of 0.15 ev. 
scattering of 0.15 ev neutrons from a thin (15 percent) scattering sample of roan 
temperature water. Under these conditions the measured intensity of scattered 
neutrons of about 0.05 ev energy is about 15 c/m on a background rate of about 
10 c/m. Faergy analyses have been rnade at 30 and 50 degree scattering angles. 

The resulting resolution is now 20 percent 
Measurements are in progress on the down 

Fast Neutron Cross Sections 

An alternating-current, rotating-coil gaussmeter has been developed to use in 
measuring the demagnetization of the analyzing magnet of the Van de Graaff for 
beam alignment. 
rings, to bring out the si- from the sesrch coil. 
f'ully in reducing the magnetic field to less than the earth's field. 

The new instrument uses a coaxial transformer, instead of slip 
It has been used success- 

A review of the literature on fast neutron total cross sections has been cmp- 
leted. A number of important systematic discrepancies worthy of investigation 
here were revealed. 

REACTOR DEVELOPMENT - 4000 PROGRAM 

Low Bcposure Plutonium Lattices 

The experimental data fran the 8 3/8 and 10 1/2 inch lattices has been snalyzed. 
Final results are dependent upon the generation of the appropriate neutron spec- 
trum over which the Pu-239 capture-to-fission ratio, a, is to be averaged. Cal- 
culat e begun, using the code Spectrum-Gas, to attempt to generate this 

1 I, - I I, - !, 



spectrum. 
gene- medium, should give a reasonable indication of the spectral shape. 
muether calculations, which would generate the spectnun as a function of lattice 
position, me being considered. 

These results, while strictly applicable only for an infinite hano- 

Special tools for maurrtisg neutron sources ad foil holders on the PKfR fuel 
elements hare been fabriasted. 

The Critical Test Procedures for radial traverses, verticsl traverses and the 
mauntbg of the neutron sources on the Arel elements have! been written. 

Active participation in the startup tests began November 10 and continued through- 
out the month. 
tione unit. 

The critical tests will be reported in detail by the PRTR Opera- 

Neutron Rethemalization 

a. Graphite Experiments 

& the October Monthly Report it was stated that the agreement was good be- 
'tween the expsrimeatal sad fitted curves of the spatial dependence of the 
thermsl activity of a l/v detector near a t-rsture disc0ntina;ritY.  his 
statement was based upon the value of f 246 for the msximum pointwise residuals 
(aside fram a few statistical outliers with residuals as high as f 4$). 
Close inspection of these fitted cuz'pes indicates suus trends which in general 
result fran rethezmalization cross sections which are too large. The latter 
is also indicated in independent experiments on the effective neutron tem- 
peratures ne= the temperature discoxtirnrity. These results indicate that 
perhaps the spectrum model (the- snd epithenngl) could be improved. mtr- 
ther the experimental data near the teqerature discontinuity, where rether- 
nmlization takes place, and far frun the disconthuity have been weighted 
equally in the anaLysis. is felt that the data near the discontimity 
should be weighted more heavily than that whlch is far f'rcm the discontinuity. 

. 

Various spectrum model improvements and weightin& me3hoda are being considered 
for further ana,lyais of these meriments. 

b. Water &per bents 

Beet theoretical fits to the erperimental traverses in these experiments 
have been obtained. The value of the rethermalization cross section for hot 
neutrons in 295 K water was edjusted to obtain the best fits. 
cross section seem to decrease with increasing temperature and is appraxi- 
mately 1.0 mol. 
upon the results f'rm the graphite experiments anti may have carmoon short- 
catlings 0 

In genersl the 

However, the results for these experiments are dependent 

Eher analysis of these experiments wiU be similes to that for the 
graphite experiments. 



c . Effective neutron Temperature Calculations 

The lead, water, and graphite experiment reported in "An Investigation of 
Wfective Neutron Temperatures" by W. P. Stinson, I,. C. Scbmid, and R. E. 
HeinemSn has been investigated with the two-thermal group model used in the 
graphite and water rethemalization experiments. 
temperatures at the center of the water-cooled lead cylinder have been cal- 
culated. 
both the Pu-U and Lu measurements between 400 and 700 IC. Improvements in 
these results can be obtained by adjustment of the rethermalization cross 
section of the water within its uncertainty. However, the adjustment for 
the Pu-U case is A. 

The effective neutron 

The calculated results agree with experiments to within 5s for 

1.00 to -1.25 cm-l while for the Lu case it is *om 
1.00 to -em . 

Code Develogaent 

A ccmparison of once-through fuel cycle operation of the generalized Plutonium 
Recycle (GPR) code with the MELEAGEB fuel code is being made. 
culty was experienced in the matching of the cross sections. 

Same diffi- 

MgLgAGw 

The code has been canpletely converted to the FOR!tRAN Monitor System, and 
much of the tape writing formerly required is now Wional. 
to save a considerable amount of running time. 
now handle analysis of arbitrary Fuel cycles rather than just uranium- 
plutonium. 
with the 70%. 
printing . 

This is expected 
The econcmics data output can 

The tape preparation code (l4EL-B) was found to be incanpatible 
This was remedied by a recanpilation which units on-line 

LOLA 

The matrix in the gyadratic differentation routine is now'inverted by the 
Craut method, which appears more satisfactory. 
the San Francisco meeting of the American Nuciear Society has been prepared. 

- 
A paper for presentation at 

RBlJ 

The Re-Monte-Carlo appears to be incmpatible with the 7090, apparently in 
an on-line printing routine. 
complex problem has been prepared by the Input Code. Short Monte Carlo mns 
on this problem have been made but extensive testing has been deferred until 
the problem in the Pre-Monte-Carlo is resolved. A modification to the Input 
Code to Improve the treatment of void regions and isotopes with negative 
cross sections (such as pseudo-fission-products) was also made . 
was given to IPD personnel in preparing input for an RBu calculation on an 
NPR cell. 

- 
The trouble has not been finally located. A 

Assistance 



Analysis of Finite Heterogeneous Lattices 

The study of matrices In connection with the use of small source theory in hetero- 
geneous lattice calculations has led to the writing of a subroutine, POWERo which 
solves the matrix equation, Ar = I&. Here A is the input matrix describing the 
iaterscfioxu between the fual elements, K is the lsrgest eigenvalue of the matrix, 
gia the reactirlty of the Spstm, and x is the eigenvector which gives the 
relative absoqtiazle far each rod typ. An informal report which describes these 
bat- lattice calculations is in preperation. 

fnstrumentation and cms Studiea 

loew calmlatiom were medat based upon accurate tubing sizes, for measuring VO, 
packing densities in Vsriolte sized zircal tuba by a gatma transmission method. 

possible to me only B8 3 for aU measu~emente although certain of the sizes will 
be 
the details.' 

Investigative work waa tuqonwUy suspended on the "last ditch" safety circuit 
System for the Plutonium Recycle Critical Facility Until the necessary canmer- 
Cial items, which are on arder, are received. 

!rhe pbw calculations a& jnltely ranwe C 3 aa a required sou~ce. It will be 

anteme to a CSU~ suurce. A -0-type report will be mtten covering 

Special inetrumen-tatlon for the PElD critical teste was installed, tested, and 
used. 
acy than that available f'ran the installed instrumentation. During the initial 
tests the equipnt proved to be entirely adequate and newly trouble free except 
for a high voltage breakdown problem in the detectors. This was caused by very 
high humidity in the "e &as blanket. QO condensed on the cool upper ma 
of the detector cables and trickled down to the detectors. Pratective plastic 

and silica go1 seem to have alleviated. the problem, although it may stU 
be necessary to insert tbe detectors in thimbles. 

This fsstnrmexrtatlon WBB required to obtain better sensitivity and accur- 

The PHPR calandria Unit Motion Camera has been tested by the custauer, who 
reparts it works well. 
by the tbreaded and blackened brass tub- liners installed early in October. 

Previous low-contrast images have been Arlly corrected 

A second improved probe far meeeuring the inside diameters of PRTFl process tubes 
was assembled and calibrated. 

!The instmnt for me- the PR!I!R Gaa Gap has been canpleted and calibrated 
far we in a clean and cold reactor. This instrument will henceforth be referred 
to as the '?R!l!R Process/Shroud Tube Annulus Spacing Gauge". 
were made to ascertain the maximum &verse effects due to variations in process 
tube wall thickness which will be encountered in mtuaJ operation in the reactor, 
rt has been establishedthat the confidence band, defined here as the maximrlm 
observed output variation due to non-symmetrical process tube wall thicknesses, 
decreases in width as the shroud tube is progressively displaced from its normal 
concentric position. Laboratory data indicate that for non-symmetrical process 
tube thickness variations corresponding to the worst in-reactor condition of 0.030 
inch, the confidence band decreases in width from a maximum of 0.025 inch near 
naninal gas gap to a minimum of * 0.010 inch when the shroud tube has been dis- 
placed amwtely 0.150 inch off center. 
constaat ae f..CX.OlO inch f'rcun 0,150 inch displacement to its maximum displacement 

calibration tests 

The confidence band then remaim 

a!!s f - I 'I"[ 

mf. 
i-d r 1 b 



corresponding to a 0.00 inch gas gap on one side. 
ing and indicate that as the kocess and shroud tubes approach each other, the 
confidence band normally associated with process tube thickness variations is 
decreased in width .t;o a point where the indicated shroud tube position is reliable 
to f 0.010 inch, independent of process tube wall thickness variations. 

These results are most encourag- 

Structural Materials Developnent is being assisted in canpleting the develop- 
ment of an instrwnent to measure the PRPi process tube wall thickness. This will 
use a locally developed sensing probe in canjunction with a canmercial ultrasonic 
"Vidigage" instrument. 

The PEP Critical Facility simulation was set up on the EBSE ccunputer in mid- 
Noveniber and is now 80 percent canplete. Considerable scaling difficulty is 
expeded in canpletion of the remaining runs. 
and ramp reactivity inputs. 

These include the response to step 
The results are in good agreement with expectations. 

The motor ad brake assemblies for the Ampex tape handling mechanism for the PR!J!R 
neutron lifetime measurementi were received and installed. 
the reactor "noise" measuring instrumentation waa made during Critical Test No. 11 
on the PRTR. The test indicates that the signal level obtainable with the present 
equipnent is too small for accurate analysis. 
during the first week in December to determine the actual instrumentation require- 
ments. 

A prelhhary test of 

Tests will be made at the reactor 

NONDmCTIVE TESTIE RESEARCB 

The output of the broadband eddy current test equipnent was measured using a 
six-section orthogonal exponential filter to obtain data upon which to base the 
design of a network to transform the canplex signal into individual test specimen 
parameter values. 
equivalelrt electrical circuit having two variable parameters, and the outputs of the 
six-section filter were read using a cathode ray oscilloscope. 
to the Experimental Statistics Operation for analysis. - 

In this test the test specimen waa replaced with an appraximate 

The data were given 

The six-section pulsed diode sampling circuit was ccmpleted by the electronics 
shop and was checked for proper functioning. This sampler comprises a phantas- 
tron time delay circuit, six single-stage amplifiers, six pulse amplitude 
samplers, and six cathode follower output circuits. 
autputs of the six-section orthogonsl exponential filters. 

It will be used to sample the 

The research contract with the-Johns Hopkins University concerning application of 
a signal space concepts to the analysis of eddy current nondestructive test sig- 
nals has now been approved by all concerned to be effective for one year beginning 
JV 1, 1961. 

ResonSrrt vibrations were generated in 1/8- and 1/4-inch-thick aluminum plates by 
means of the eddy current ultrasonic transducer. 
technique will be in measuring plate thickness by the ultrasonic resonant method 

, without the conventional use of grease or liquid cauplant between transducer and 
metal surface. 

The first application of this 

A modified infrared radianeter, for use in heat transfer testing eqpipent before 
constructed at HAPO, has been completed and mounted on the scanning device. 
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Increased detector-test piece spacing was incorporated in the radianeter to reduce 
interference frcm the strong fields generated by the induction heating coil. 
A u-inch-diameter elliptical -or is used in conjunction with an f 0.6 arsenic 
trisulphide lens in tm instrument. Preliminary tests indicate that the tatal 
instrument noise, using an integrated output, is ewvalext to a temperature 
change of apprcpEimatw & 2Oc at 50% within the' 1/8-inch-u~~&er area viewed 
by the radicmeter on the. mace of an autoclaved X-8001 slrmrinum jacket. A 
chapping frequency of 2000 cps is utilized in this inatnmrent to minimize inter- 
ference between the chupper and 8-s of short dureLtion produced by small fuel 
elemrnt defect6 rapid~seambg. Tests of the he& transfer testing equip- 
ment uaiq a 7-1/2 I(w Legel indslction heater showed that spurious signals due 
to heating coil fields bad been eUmiaated, and that no -tic shielding of the 
detector wee necsssarg. 
produced voids in the bands of AUI-bonded, x-8001-claa uranium Are1 elements with 
this equZpnt. 
when used with a single-turn heating coil. 

E-=, it waa not possible to detect 1/2-in~h mice 

This mrry be due to the low efficiency of this induction heater 

Test6 of flat multiple-turn coils indicate they will be more efficient. 
ever, increased epscing is necesserg to allow adeguste radiawrter viewiag, and 
this will redbuce the power density. Sevarsl coils having the necessary increased 
inside dimeter are being fsbricsted fram O.OO5-inch-thick copper foil by Techni- 
call Shops. In addition, thin-walled 1/8-inch-o.~. copper tubing has been ordered 
to facilitate future fabrication of such coils. 

Haw- 

. 

Litererture on induction heating indicates that it should be possible to obtain 
at least 40 percexrt efficiency in heating an ~uminum cylinder with a single- 
turn coil by mat- with a specisl output transformer. However, the conditions 
such as coil inside diameter, size, aud material of the coil were not specified. 
These factors marksd3.y affect the efficiency. 
been fabricated in the laboratory and is being tested in conjunction with a 15-raJ 
lO-XC/sec induction heater. Flexible leads three feet long connect the primary 
of this transformer to the high f'reqyency generator to allaw scanning of test 
pieces. A parer of 1/2 KU w88 coupled into an slumin= dunnqy fran a 1-5/8-inch- 
I.D, single-turn work coil in the initial tests. 

An experimerrtal transformer has 

Other methods of heating are being explored. 
possibility of rapid transfer of heat to smnl.l axeas. 
of this type of heating for heat transfer is being made using a 40-mJ unit on 
site. 
heating parts having special shapes by the contact (conduction) method. 

The two inductive (eddy rmrrexxt) thermaneters were completed and adjusted. 
tivity of each is about two millivolts per degree Centigrade when used to indi- 
cate the temperature of an sluminum surface. 
each Is contained in 8 amaU bax 5 by 4 by 3 inches with externel probes. 

The plasma arc torch method offers 
A prel-I.minnrv evaluation 

The use of aa electric BSC to heat a capper mas8 is being investigated for 

Sensi- 

The units are transistorized and 

NmmON lnux MomoRs 

The Melesger cauputercode is being used to examiae the performance of various 
plutonium and urasiUm isotopic canbinations as extended lifetime neutron de+,ec- 
tors. Sane canbinations have been demonstrated, by canputation, to give a res- 
ponse constant to within f 10 percent for at least a year and probably for 20 
months. This is for operation over practical ranges of flu level, epithermal- 



to-the- flux ratios, and reactor temperatures. 
tant gives a response constant to better than f 5 

Holding these 
pkrcent for 20 

parameters cons- 
months e 

Further work on the microwave flux monitor idea is auaiting specification and 
procurement of the necessary experimental equipnt. 

PHYSICAL RESEARCH - 5000 PROGRAM 

Mecbanfsm of Graphite Damage 

During tests of the beam sweep system for the electron Van de Graaff it was 
faund that the Van de Grasff beam was not centered. 
@ration of the system. A flexible bellars was ordered that should permit 
proper centering . 
An experiment was designed in which graphite mlstivity and length changes can 
be measured following the electron baabardment with caapensation for roun tem- 
perature changes. 

Tests were made of the feasibility of substituting a Wien bridge oscillator 
for the Wheatstone bridge in calorimetric measurements. With the oscillator, 
changes in resistance are converted to charges in frequency and measured with 
a precision caurrter-timer. 
were about equivalent. 
possible to obtain five times more sensitivity than with the Wheatstone bridge. 
The stability of this non-standard type of operation is under study. 

Centering is important to 

I 

was found that with standard techniques the two 
Harever, with a non-sta,ndard oscillator circuit it was 

BIOLOGY m MEDICINE - 6000 PROGRAM 

moIIMEm!AIJ scI&IocEs 

Atmospheric physics 

Assembly and installation of air sampling equipnent oqthe field grid covering 
the Northeast quadrant centered on the Meteorology Tower, work which has con- 
tinued since last Fkbru8ry, reached the point of beneficial use of the grid 
during the month. 
sector 340° to looo to a distance of 800 meters frun the source. Arcs at 
1200 meters and 1600 meters are still. under construction. 
grid is designed for studies of the dispersion of tracer material f'rom an 
elevated swce during unstable temperature gradients. 
was conducted successfullg on this course during a period of moderate wind on 
November 18, 1960, with the zinc sulfide tracer material released frun a 
height of 200 feet on the Meteorology Tower ., 

The cme consists of seven concentric arcs covering the 

 he new sampling 

The first experiment 

Additional calculations of the flux of zinc sulfide tracer material tbraugh 
vertical surfaces defined by the vertical and horizontal sampling grids were 
canpleted. Estimates of the mass flux through successive vertical surfaces 
continued to substantiate the exponential decrease with distance reported last 
month for moderately stable conditions (Richardson's Number, 0.50). 
of decrease appeared to depend on both the atmospheric stability and the height 
of release. For the single case of very stable conditions calculdted (Richard- 
son's Rmber, 3.0), the loss of material frcm the cloud was found to be very 

The rate 



large, 96 percent of the material 
of travel. 
cal dif’f’usion models emphasized the inadequacy of existing models in failing 
to acc& for the change in vertical dosage profiles due to erosion of the 
plume near the ground due to deposition. 

deposited within the first 3200 meters 
Pre- attempts to reconcile these data with existing theoreti- 

Developnext work continued on a two-color tracer technique for studying the 
effect of height of release on ground level dosage patterns. 
possible to discriminate between green, orange, and red fluorescing pigments 
with azr present aeeeylns eqpipnent. 

It has been found 

Our old and new Urge scintillation cGurtrers were cross-calibrated with our 
plastic phaxkau. The phantan does not give precisely the sante results as a 
human but At mxf‘fices farzelative calibrations. Sevan people were caunted with 
both the ald and new couptem and the results using this calibration were quite 
good. Both counters were calibrated for -24 in @. 
The new counter is being Bubstituked for the old one for whole body courrting. 
MeaaUrrmrents indicate that the reeohrtion of the old counter for Cs-137 has 

Attsmrt;s to improve the low energy response of the multichannel mer were 
conce&redd on the analyzer itself and amplifiers used with it. 
mept was obtained. 

slipped A.UU 9.2s to 10.546.  he reeolufia of the pew counter is 8.q. 

Sane imprave- 

The positive ion accelerator w88 in operation during all but one week during 
. which the ion source and stapled bel% were replaced ad sane cawes of spasking 

el.im.lnnted. 
record. 

The! belt had been in use for over lo00 hours which is a very good 

TWO Of the three precision long caulTters that have been built agreed to within 
0.3s in SensitiVity. A new core was built for 
this caunter and initial tests indicate that this third counter will now agree 
with the ather two within the 0.3s. This is a very encoum@.ng’result for the 
developuent of truly precision counters. In other work It was shown that the 
sensitivity of the counter used did not affect the position of the effective 
center of the precision long counters. Final drawings for the precision long 
counters were canrpleted. 
sons is being built. 

The third agreed to only 1.3%. 

A precision long cautrter for laboratory intercanpa3ri- 

hother atteutpt to obtain an Sb-Be smrce failed due to contamination of the 
source when activated. 

Tbe early results with the Perlm spectreter were irrterpreted as possibly due 
to instrument artifacts. Sum of these instrument defects have been found and 
el-ted. Others were found to be inherent in the spectrameter. 
tbat high energy neutrons produce slgneds that are interpreted as due to low 
energy neutrons. 
energy fast neutron spectroscopy. 
Operation conceived a pew way of using the spectrameter that would extend its 
range to higher energies. 

It was found 

‘phis makes it improbable that the device can be used for low 
A member of Reactor Engineering DeveloEQlent 

Test8 show the technique to be very pranising. 



Five new exit canals were made for the helium ion source to see if they would 
reduce the sputtering that leads to short source life. 
One of then gave verg good results. 

Two of these were tested. 

Another calorimetric measurement of the stopping power of alminum was made. 
A Zbinner foil was used with the result that the estimate of systematic errors 
was reduced f'run the 1.2s of the previous measurement to 0.5s. The result was 
within 0.34 of the accepted value. 

-ION 

$rperimental modifications were made on one prototype self-reading and alarming 
dosimeter using a standard "pencil" ionization chamber detector. 
transistor multivibrator circuit wa~ developed to replace the modified stop 
watch used as a lmp switch. 
batteries employed is 24 hours continuous duty. 

Develapnent continued on an experimental &emma beemscanning system using a 
mechanical X-Y scanner plus electrical controls. 
inch increments Over an U-by-U-inch =ea. 
height amlysis informstion is read into a multichannel-analyzer. The unit will 
be used for shielding studies for personnel protection in reactor areas. 
electrical control system uses two servo motors for positioning by relw control 
of the motors. 

An astable 

At present, the battery life for the two miniature 

The sca,nner will move in one- 
At each indexed position, pulse 

The 

Investigative work continued on the personnel alanning dosimeter to central 
station radio 1- equiLment for a part of the Integrated Monitoring Program. 
Cqlete transistorized dose and/or dose-rate trsnemittal plus voice cammuri- 
catLon is required. 
serve the purpose. 

Sane camnercial canponents were reviewed but none will 

Experimental work continued on a thermistor-controlled oscillator for precise 
measurements of temperature. 

Initial eiqeriments with a 20-cc ionization c?hnmber plus electrmeter tube 
for use as a "pocket" alahng dosimeter were discouraging due to excessive 
leakage bath frm the insulators and fran tube grid current. 
made using better insulators and a CIC-5889 ele raneter. This unit is now being 
fabricated. Leakage currents of less than loeg amps 'must be obtained to permit 
the canpact and simple unit to perform at low dose-rate (less than 10 mr/br) 
levels. 

Experimental work 'continued satisfactorily on the X=aF2:Mn thermoluminescent 
dosimeters. A successful miniature glass-sealed unit was fabricated 0.6 inch 
in diameter and 0.2 inch thick. 
out light linearly related to absorbed dose. 
accanplished in ten seconds, with the doshteter then ready for return to ser- 
vice. 
cated and -her gamma energy dependence tests are scheduled. 

Initial tests indicated good feasibility. 

A new design was 

Induction heating is used to produce the read- 

Several more experimental configurations of the dosimeter will be fabri- 

The cmplete readout can be 

Additional transistor binary circuitry was added to the experimental scintilla- 
tion transistorized Alpha-Beta-Gamms Hand and Shoe Counter. 
beta-gama channels now count dam by a factor of 32 previous to the registers. 
Laboratory performance has been quite satisfactory. 

The hand and shoe 
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The blockirrg oscillator pulse generator circuits for the experhe&& ion beem 
deflection system (electron Van de Graaff) were designed, fabricated, and satis- 
factorily tested. 
thyrstron circuitry, the cauplete system is nearly ready to test. 

Several Li 6 metal tsrgets were prepared for use with our silicon surface 

barrier diodcs for neutron detection ad energy analpis experiments. 
five diode detectors were sliced for a new batch; however, a defeCt;,wss noted 
which was apparent in all slicers. These wiU be discsrded, since perfannsnce 
would be materially aected. A new thin dinmnnA saw was ordered. This wIU 
be wed on tha UOO ohm-cm silicon ingut. 

Brcept for minor modifications in shielding and hydrogen 

Twenty- 

Ribrication is nearly cauplete on three ezperimental prototme scintillation 
transistorized beta-gmma dose-rate meters of the portable type. 

Labaratory tests were caatlnued concerning a new type of zinc sulphide particle 
cou&er for use at the A-c Physics Operation. By using two pimnts 
(.znS-CaS and ZUS) and a dti-- wer, the emourrt of each pigment 
deposited can be determined using simultaneous equations. The system should 
pennit smle detection of less than 200 micles deposited on the filter. 
The naw p- is now being exaubed erperlmentally to determine if it has 
desirable airborne chsrrrcteristics. 

The operation and reliabilitg of the whole body counter xuulticbmnel analyzer 
and spectrum strigper were greatly improves through modification of circuits 
and operatiag procedure. The enghzering study of analper reliability is about 
50 percent cmplete. 

An arperimental radio transmitter was developed to aid in developing the posi- 
tion-sensing circuits of the robot monitor. momation on turning rate, dis- 
tance of travel, and direction of motion m traPsmitted by coded subcaxriers 
to a fixed receiving station for translation to a chart plot of the robot's 
motion. 

WAsHI1017110n DESIG- PROORAM 

Isotopic Analysis 

The planned series of mtionsl Buretaa of StandSFde uranium st- isotopic 
aPalyBes has been campleted. The results obtained indicate that no systematic 
mass discrlmlnation effects greater than about 0.3 percent are present in the 
mas8 spectrcmeter of this program. 
more precise information on the standard values frun the National Bureau of 
st-. 

Final conclusions must await the receipt of 

The m88s spectraueter for this program was shut down about the middle of the 
month &ter.the backlog of program sanples was exhausted. 
being used to install and test the new ion count control circuit for the ion 
COuKting system. 

The darn time is 

An improved sample filament bakeout system has been fabricated and is being 
assembled. 

. .. '. 
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Resesrch work on the effects of a simple energy analysis system on abundance 
sensitivity is being performed with the other mass spectrameter. 

The PCPR was shut danF.3or maintenance and reactor improvement during the entire 
month of November. 
canpleted: 

During the outage, the follarlng maintenance items were 

\ 

1. The reactor instrumentation was checked for faulty tubes and for proper 
operation. 

2. The 305-B Building was repainted. 

3. The R X G Beclunan in the building radiation monitoring system was replaced 
with a Type V Beckman. 
for the TV Receiver and control panel installation. 

The space gained by this replacement will be used 

The folluwing reactor improvement item were canpleted during the month: 

1. 

2. 

3. 

4. 

5. 

6. 

Ninety-nine additional driver element channels were drilled in the 
reactor. 
the previa 37 1/2 inches. The new channels will pennit moving the 
driver ring Mer fran the test cavity in order to get a better flux 
match in the buffer region. It is Slso hoped that these improvements 
will make possible accurate high tqerature neutron flux and reactivity 
measurement s . 

The msxirmmr test assembly size is now 41 1/4 inches vs. 

A new source drive was installed to accommodate the larger physical size 
of a &-Be source. 

Six slots 2 inches wide and 5/8 inch deep were cut into the fixed face 
of the PCTR fran the outside to the core, and 6 corresponding slots were 
milled in the moving face. The slots in the moving face were cut 1 inch 
in depth. -The slots- will permit electrical snd thermocouple leads and 
water lines to be brought out &an the core without interfering with open- 
ing and closing the face. 

Eight holes were drilled through the steel plates on the moving face 
corresponding to the 70 an position of the control rods. 
tions axe necessary for insertion of 8 foot resistance heaters for meas- 
uring the reactor twerature coefficient. 

A new key lock bypass switch was installed to separate the level and 
period functions of Channel 2 safety circuit. 
modified to continue making it impossible to bypass Channel 2 and 5 
period Functions sirrmltaneausly. 

These posi- 

The safety circuit was 

A key switch was added to the source drive power circuit in order to lock 
the source in the out position during the time the core loading is being 
wed. 
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7. A key switch was installed in the moving face power circuit in 
to keep the moving face from opening when the reactor roan doors B;F~ 

opened. 
reproducibility requires that the face remain closed during the tests 
and where it hss been apecificaUy azrtharized to do SO. 

This SKitch wfll be wed only for those tests where reactivity 

8. mallation of the closed circuit (mr was started during the month. 

9. A period mater of the DC differential amglifier tspe was developed, tested, 
and installad in Charmel 5 of the PCI!R. 'phis instrnmreat is simpler and can 
be calibnzted mare accurately than the instrument; it replaced. 

Wiring of the timer scaling strips of the autuuatic foil counter colrtimres and is 
30 percent ccmpletc. 

fxm?a!m Wacur 

Weather Forecasting and Meteorology SerPice 

Consultation s&cc was randersd on meteorological and climatological aspects 
of 1) ~b t- sensing elemants far air conditioning control in 
reactor Wding~, and 2) eqeriaental design for emiromtaentd studies of large 
traPafomer operation in desert regions. 

Meteorological services, viz., wedher forecasts, observations, and climatological 
services, were provided for plant operations and management personnel on a routine 
basis. 

NumberhBde 

90 
60 
142 

Reliability 

81.0 
80.2 
82.4 

l#nmuber was a little wsrm%r, wetter, and windier than nonnsl. 
the 0.92-iaCh precipitation total occurred between the 9th and 24th. 
a trace occurred on 14 of 16 
20th and 24th- 
There was no snow and only one hour of fog. 

All but 0.03 of 
At least 

during this period. mst winds were on the 
Peak gusts on these days were, respectively, 45 snd 59 mph. 

Irrstnrmentation and syst ems Studies 

The sempl- probe (air intake) for duct installation in the 325 Building for 
a ccmbined alpha and beta-gmma air- stack monitor was cnmpleted. Paper design 
of the ccmrplete system was nemly finished. 

Continued advice and consultation was rendered to Redux instrument maintenance 
Personnel regarding operation and adjustment of the Redox Stack Effluent Monitor. 

Two experimental 5-by-14-inch scintillation beta-- shoe monitors were 



. 
satisfactorily tested. These will be used 
tion Transistorized Beta-Gamma Monitor for 

with the Clothing and Shoe Scintilla- 
308 mding use. 

The two experimental Sensitive Scintillation Airborne Recordixg Monitors for 
Regional Monitoring, RPO, me being modified to incorporate desired mes. 

Basic design work was continued on a beta-gmm (mixed fission product) air 
monitor for use in the 327 Building. 
cuitry and a moving tape, Ku1 be considered experimental. 
three more units will be fabricated. 

The first unit, using transistorized cir- 
If satisfactory, 

A wmk request was received Frau the Radiological ChemicaL Analytical Labora- 
tory for engineering services rewed to develop channel sumpling circuits for 
their multichannel analyzer (RIDL) e 

Ceramic Fuels Developmnt Operation has requested assistance in the develganent 
of a high-speed temperature control system for a swaging operation. 
perature of the object to be swaged is to be raised quickly fran roau tempera- 
ture snd CoIltrolled as it is passed into the swaging mschine. Tests to determine 
system characteristics are being planned. 

The tem- 

A problem has been accepted fran Operatiom Research. 
the buudup and decay of radioactive iodine in a person's thyroid after an 
injection. 

This problem concerns 

Two X-ray diffraction peak integrators have been received and installed for 
the hBmfacturing Operation, Fm>. 
in the near f'uture. 
The integrators were not received fran Perkin-Elmer entirely as specified. It 
will be necessary for them to send us certain modification parts to change the 
printer tape speed. 

It may be necessary to alter the integrators 
Operating experience wlll detelmine the final requirements. 

Work is conthuhg on the reference system to be used in calibrating the 
Schaevltz DRS-100 system. The DRS-100 is intended for future we by the mi- 
cal Metallurgy Group in making in-reactor creep measurements. Modifications to 
a furnace and controller for use in elevated temperature calibrations have been 
canpleted and are being tested to detennine the "degree" of temperature control 
that will be available with the modified units. 
canpleted for use with the ZllRs-100 and is essentially ready for a "laboratory 
stamlard'' type calibration after which it wiJJ be placed in service as a standard 
reference system. 

The reference system has been 

A work request authorizing evaluation and cslibration of two more displacement 
readout systems was received from the Physical Metallurgy Group. These systems, 
two Pbysical Science LvMl units with readout provisions and two Technology 
Instrument Corporation TIC line- putentimeters, respectively, can be evaluated 
using the reference system mentioned above although some minor coupling modifi- 
cations will be necessary. 

A paper study is nearly canplete on the modifications necessary to make the TIC 
RST No. 4 potenticmeter capable of being used to make in-reactor creep measure- 
ments. To date the' only apparent modification necessary is the replacement of , 

the epcPry potting canpound presently used, by a ceramic ccanpound called "Dur~ck"~ 
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Work is currently being 
slider of the 170. 4 

donc to develop a 
potentianeter can 

aystem by which the position of the 
be detected. This position of' the - 

slider is a direct me!asurement of the creep. At present the most prauising 
system of readout is a null device whereby the slider of a second putentiameter 
ia nulled with the slider of the B81! No* 4. 

'phh FFD nickel plating process has been set up on the GEDA c-er and a solu- 
tion found. 
of the very amall load changes, the process could probably be controlled by 
an on-off controller. 
the limitirrg factor mbably lies in the pH measuring equipnent. 

Zt was discovered that the process was &rawly stable. Because 

!Ehe ccmputer showed the process was so easy to control, 

A problem on the two A4mrsnnional temperature distribution in a separations waste 
burisl cask w88 received in mid-Hweuiber. The custaner desires a study of the 
eirect of a discontimrity in a burial cylinder as a function of the mz&ke.amk&ial 
thermal con&uctirLty. The presence of the discontinuity rems two=dimensional 
technique8 which in turn require &wive use of cunputer patentianeters. 
simlstion 18 nemly ccmplated and will be ready to run at sqy time in December, 
1960. 
putera is required. 

The 

f'ran bath can- Sane difflcul~ in scheduuag is expected since 

optics 

mernal. Diameter Optical Ncraueter 

This 

of discbsrged f'uel elements in the 105-C Fuel mamination Facilities. 
now installed. Tests perid this month demonstrated the expected accuracy 
of * 0.002 inch. 

w88 designed in October, 1959, for measuring the interns3 dianeter 
It is 

Lemgkh Measurement Periscope 

DBSign dravLngs far this periscope are about 50 percent ccmplete. 
be installed beside the fntenrrrl Dismeter Micraneter at log-C so that inside 
diameter am3 length measurements will be made frcm one station. 

The unit will 

Mlcrodensitaaeter 

Mications necessary to convert a 
use by Biology Operstion in studying autoradiographs of bones are about 50 
percent ccmplete. 

and ~ortbrup microdensitmeter for 

Borescope Camera 

Adaptors which will permit photography through the latest model large Lenox 
borescope have been designed. 
connections have been desigaed for the latest model 

Shop Work 

Improvements which will permit better electrical 
Lenux borescope. 

A teal of 394 manhourst work was performed during the four-week period 
(October 30 to November 27) included in this report, 
145 for CPD, 744 for BLO, and 44 for Code 9215. 

Of this, 84 was for lpDs 

. ., . ~ 

.. ... 



:' The work included: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Repair of two microscopes for 327 Building. 
Modification of two cameras for photography. 
Miscellaneous fabrication for the PRTR Gas Gap Measurexuent equipnent. 
Repair of two Purex czmm periscope heads. 
Assembly of infrared pyraneter for Physical Measurements. 
FabZication of several filters for the radiation ratio pyrcuueters. 
Evaporation of lithium for lOucleonic Instrumentation. 
Repair of three underwater viewers. 
Repsir of one cathetaueter. 

Bnalog Cmputer Facility Operations 

'phe maJor problems on the analog canputers this month include: 

1. F!R!l!R critical Facility Analysis. 
2. 
3. 
4. NPR Pressurizer study. 

Nickel Plating Process Control system Study. 
Reactor Speed of Control Study. 

The routine maintenance procedures on bath analog ccmputers have been started. 
Some routines cannot be performed until the necessary spare equipnent has been 
received. 
the cmputers prevent the performsnce of sane of the routines. 

The present work load for the instrunerrt maintenance personnel and 

An order for twelve products of electronic multipliers was placed with Beckman/ 
Berkeley for $U,190.00. Delivery is expected in January, 1961. 

Canputer Operation: 

GEDA 164 hours up EASE 150 hours up 
12 hours scheduled downtime 
16 hours unscheduled downtime 

30 hours scheduled downtime 
12 hours unscheduled downtime 

0 hours idle 0 hours idle 
192 hours total 192 hours total 

Inetrument Evaluation 

Field tests (satisfactory) continued on the Model. 1J Alpha "Scintran" line- 
operated monitor at Redax and Purex. With tbe new wedge-shaped 2-by-binch 
and 2-b -7-inch cast plastic alpha scintillation probes, as little as 50 d/m 
of Pu235 (spot source) can easily be detected in routine use. This is a factor 
of 5 to 10 better than with the older model probes. 

A second Model I1 "Scintran", using a thin detector (NE-102) for beta-gamma. 
use, was field tested quite successflrlly at 100-D. The combination was found 
to have three times the sensitivity for Srg than could be obtained with a GM 
tube. 
new 2-by-4-inch wedge-shaped plastic head alpha probes. 

The scintillation beta-gamma probe used is a simple modification of the 

Ske testing was ccmpleted on a directional scintillation neutron (fast) detec- 
tor for use with our transistorized portable neutron instruments. To obtain the 

I c 



desired directional resp&e, the moderator-collinu@r (lined with Cd) will 
we- nearly 50 pounds. 

Advice waa render& concerning adjustment of the Scintillrrtion "criticality" 
dlarm bfonitors for use in the 308 =ding. 
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CHEMICAL RESEARCH AND DEYELOPME14T OPERATION 

RESEARCH A?lD E2lGIIQF+ERING 

FISSIOW MATERIALS - 2000 PROoRAn 

Uranium Oxidation and Fission Product Volatilization Studies 

In further studies of the releaae of fission products from overheated uranium, the 
fractional release from uranium irradiated to 1020 nvt (equivalent to 300 WD/T or 
0.04 atom percent burnup) w6a msasured. 
the 24-minute heating pariod at 1200 C. 
Seventy-five percent of the uranium was oxidized. 
tion as meeeured for uranium irradiated in the lS4 to l0l8 nvt range. 

Rare gas release vas 99.8 percent during 
Analyses for other isotopes are in progress. 

This la the sam degree of oxida- 

llre graphite shroud and lead rod from a fuel element assembly test in the DR gas loop 
waa obtained from General Atomics to study in-reactor retention of fission products 
released from the apparently ruptured fuel rod. 
stainless steel lead rod waa accomplished by stripping the fission products from one 
foot sections. 
with increasing distance and decreasing temperature. Depth sampling of the graphite 
bar shroud is in process in Radiometallurgy for evaluation of the fission product 
diffusion into the graphlte. 

Decontamination of the 18-foot 

Initial I-1% data showed a correlation of increasing deposition 

Fifteen experiments employing oxidation by air, for purposes of determining particle 
size distribution, hsve been carried out to date at 400, 500, 600, 700, 1000 and 1200 
C. The majority of the experiments were conducted at air flow rates of 3500 cc/min, 
giving an air velocity of about 400 cm/& at the collection filter; a few were at 
1000 and 2300 cc/min to correlate the effects of air flow rate on particle size 
distribution. Tim? at temperature vas varied accordingly with temperature to give 
relative degrees of oxidation in all runs. 

Optical microscope observations of the millipore filters indicated that the majority 
of particles generated during oxidation are of submicron size. No Information Is 
available as yet on the actual size and size distribution of these. 
examination of the micron size particles shows that nearly all of these fall in a 
size range from 1 - 8 microns. Particles as larGe as 50 microns have been observed 
although these are usually conglomerates of smaller irregular particles. 
has an effect on both the quantity and size distribution of particles with a larger 
number of micron-size particles being generated at lover temperatures. This can be 
attributed to the nature of the oxide fomd at the various temperatures. 
and 1200 C an adherent oxide coat is present on the specimen, whereas at lower 
temperatures a powdered or sintered mass results. 

Microscope 
L 

fv 

Crl 

_- ,- 
-!> 
czq 

Temperature 

At 1000 

Harked thermal cycling was observed during the oxidations at temperatures of 600, 
500, and 400 C. 
period of 40 - 80 minutes. 
for a fixed set of conditions but varies with temperature, air flow rate and speci- 
men size. A series of experiments at 1000, 2300 and 3500 cc/mln flow rates and 
820 F gave induction periods of 59, 75 and 45 minutes, respectively, so that no 
generalization could be made. 
oxidized at 820 F gave different times of induction. 

It was evident that thermal cycling begins after an induction 
The length of the induction period is quite reproducible 

Also, 1/8, 1/4 and 1/2-inch uranium cylinders when 
From this experiment it was 

observed he iarger cylinder remains ignited for a 1 
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loPR Effluents 

Laboratory studies were directed toward the development of methods for removing 
radioactive conterninants from phosphoric acid decontamination solutions proposed for 
IQR coolant loops. 
processes developed for other chemical decontaminating agents to be employed at the 
site. 
addition and sludge volume to give adequate removal of radiocobalt from solution. 
!Be precipitate fond by the addition of ferrous sulfate followed by caustic 
neutralization effectively remves radiocobalt from the phosphoric acid solution. 
Tht process is Ineffective without the addition of near stoichiometric amounts of 
caustic to neutralize the phosphoric acid. It may be possible to achieve adequate 
removal of radiocobalt with as little as 500 ppm Iron. Better removal is achieved 
with somhwhat mre ferrous sulfate and vith the addition of potassium permanganate. 
Scavenging with 1000 ppm iron and 500 ppm permanganate removed more than 99 percent of 
the radiocobalt and produced a sludge volumt of 3 - 10 percent of the volume of 
waste treated. 

Scavenging methods were examined to conform with treatment 

!Tke obdective of these experiments was to detemine the minimum chemical 

A study vas completed of the aquifer cheracter&stics of the materials underlying 
the 100-H Area. The observed response in the water levels in appropriate wells to 
the seasonal change in the river level was used to evaluate these characteristics. 
!!!he calculated permeability of the laaterial beneath the site indicated that the pro- 
posed trenching of large volumes of RHI effluent from time to time will not affect 
the water table enough to interfere vith the operation of the trench. 
of the disposal facility required will be governed by the infiltration capacity of 
the soil. 

!&us, the size 

Well drilling is being considered to substantiate the high ground water table alti- 
tudes in the ana centering a mile and a half north of Gable Mountah. If the water 
table contour locations and thereby the ground water flow dlrections postulated can 
be substaatiated, disposal of proposed NPR phosphoric acid decontamination wastes to 
ground to the south of the site is potentially desirable. 
wastes would enter the Columbia River only below the 100-F Area where activation of 
the wastes by reactors downstream from IfFR could not occur. 

Under such conditions 

Reactor Effluent Treatment 

The pilot-scale aluminum shavlngs bed vas operated during the month at a flow of six 
linear ft/min. Radlation level stabilized at 1200 mr/hr at contact. -le results 
available indicated that isotope removal equilibrium at this flow rate was reached 
for Cu-64, As-76, k-65 and Np-239. 
were about the 8211~~ as for the lower flow rate except for As-76, which was removed 
to the extent of 52 percent vs. 60-70 percent at the lower flow. P-32 removal had 
not reached an equilibrium value at the time th? other isotopes removal had stabilized, 
bu', was still increasing. 
eis is about the decontamination which was achieved at the lower flow rate. 

Decontamination factors at this hlgher flow rate 

A 60 percent removal was shown by the met recent sanple; 

Ten-foot long coluprns packed with aluminum shavings were installed on the 100-B and 
100-H riser sampling lines. 
experiment will help to evaluate the effect of increased alum ard the use of aluminum 
nitrate in current reactor water treatment tests on the decontamination. 

Effluent flow through these columns is 2 f+,/mfo. The 

Of 17 &eralS examined for P-32 adsorption from reactor effluent, pyrite, pvrhotite, 
calcite, and scapolite showed the greatest promise. .At 80 C these minerals removed 
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50 to 76 percent of the phosphorus 
batch experfments. Of 13 minerals 
pyrite was the most promising. In 

from solution after one hour contact time in 
examined for As-76 adsorption from reactor effluent, 
a batch experiment this mineral removed 56 per- 

cent of the arsenic from solution after one hour at 80 C. 
except pyrite exhibited favorable adsorption of Zn-65 from solution at 80 C. 

All of the minerals 

SEPARATIom PROCESSES 

Solvent Evaluation Studies . 

Three new hydrocarbon mixtures (Shell Turbine Fuel Code 16550, Shell Paraffin Base 
Code 82000 and Humble Oil Penola-100) were tested as potential TBP diluents. 
Penola-100 is said to be identical with Solvesso-100 which has been studied at Om. 
It contains a high proportion of aromatics. 
in contact with 8 H BIOO -0.05 M Ball02 at 80 C) the diluents were made 30 volume per- 
cent In TBP and uszd in 3b atch contact tests simulating -ex first cycle extraction, 
scrub and strip operations. Gross fission product behavior was compared to that 
obtained when using similarly nitrated carbonate-washed Shell E-2342 as diluent. 
Gross gemma extraction coefficients (E:) were leas by factors of from four to seven 
when these three hydrocarbons (after nitration) were used as diluents than when 
nitrated Shell E-2342 was used. Removal of gross gamma activity by scrubbing was 
more efficient (lower E:) for the three test hydrocarbons than for Shell E-2342. 
Stripping contacts removed gamma activity more effectively from the organics con- 
taining the three test hydrocarbons. The results obtained in testing these three 
hydrocarbons were very simllar relative to Shell E-2342 to those obtained in testing 
Ashland OF1 Company samples (HW-67254 C ) 

Folloving severe nitration (24 hours 

Removal of Sulfate from Hydroxylamine Sulfate Solution by Ion Exchange 

A program was initiated to determine the feasibility of converting hydrolgrlamine 
sulfate (214H20H.H$04) to the nitrate salt by anion exchange. 
studies were made in small burette columns with one weak-base (Dowex 3) and four 
strong-base (Pemtft-SK, Amberlite IRA-401, Duolite A-40 and Illco-TAD-1) anion 
exchange resins. Later studies were made in a two-inch diameter by 20-inch long 
Plexiglass column and a four-inch diameter by 80-inch long glass column to determine 
(a) the feasibility of operating with the bed slightly fluidized, and (b) optimum 
operating conditions. 
to the resin was unfavorable for the nitrate and chloride forms of the resin, but 
high for the hydroxide form of the resin. 
to the removal of sulfate from an aqueous solution of hydroxylamine sulfate. The 
obsemations and results are summarized below: 

Initial feasibility 

The preliminary studies showed that the distribution of sulfate 

Subsequent studies were therefore directed 

1. 

2. 

3. 

Bo*& Permutit SK and Amberlite IRA-401 were relatively unstable to repeated 
acid-base cycles and so were eliminated from further consideration. 

Favorable exchange characteristics were exhibited by Duolite A-40 and Illco- 
TAD-1 resins. 
and greater tendency for the sulfate to "bleed" through in low concentrations. 

The Dowex-3 weak-base reein exhibited less exchange capacity 

Sassing was noted with both the Illco and the Duolite resics at room tempera- 
ture. However, the problem was more severe with the Duolite resin. At 
temperatures above 35 C both resins gassed excessively. 
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4. 

5. 

Studies In the 2-inch diameter column to determine the feasiBility of upflow 
operation with the column partially fluidized were successful. Satisfactory 
sulfate removal was obtained at upflow rates of 165 gal(hr)(sq.ft) (one 
liter/min in a &inch column). Resin utilization under these conditions was 
55 gercent of theoretical capecity to a breakthrough of five percent of the 
initial sulfate concentration. 

The inltid studies in the b-inch column were successkl and appeared to 
verify the results obtained with the smaU colunm. 

Reclamation Facilits 

Continuous Dissolver - The Recuplex cold pilot plant continuous dissolver was suc- 
cessfully zl~ll at capacity factors of 1, 2 and 6 (Runs CF-1, CF-2 and CF-6) for 5 to 
6 hours at each rate. The operation was easily controlled, vith no evidence of 
entrainmhnt in the off gas or foaming. A typical can dissolved in 3 to 6 minutes, 
followed by a vigorous one-prinute reaction between the can contents and the dissolver 
solution. The duration of the fast reaction lute the dissolver througkput rate. 

A very smell heel was predicted for all practical feed rates with either plq or 
mixed flw in the dissolver. The CF-1 run was made without sparging and produced a 
tightly packed agglomerate heel less than l/2-inch in depth. 
runs produced no heel at CF-2 and a 2-inch heel of loose chips at m-6. On cooling, 
a gelat5nous precipitate formcd in the dissolver product, but vhen diluted with ANN 
in the product tank the solution was clear. 

!be sparged pilot plant 

Pulser for Reclamation Facility Colunma - A plug-piston pulser with a graphite 
piston operating in a U-Column (pulse leg aa high or higher than the column) filled 
with CAX has a service record of 84/2 million cycles without a significant change 
in the piston stroke/column amplitude ratio. Pulser studies to date show that the 
graphite Blug piston is (a) lw coet, as compared to the split-ring piston, or other 
pulse types, (b) long vearing and reliable, and (c) adaptable to remote handling. 
These adventages are galned vhere there is chemical compatibility, where "clean" 
streems are used, vhere vertical operation is employed, and where reasonable care 
hae been used in the fabrication. 
to horizontal operation, has not yet been evaluated. 

Tolerance to foreign materials, and adaptability 

Verticsl Taak Circulation-Agitation System - A prototype of the vertical tank cfrcu- 
lation agitation system for the new Reclamation Facility has been operated. 
prototype consists of three -el glass columns, each 6-inches in diameter and 15 
feet high. 
agitation. 
weak acid solution and cautlc, usfig phenolphthalein indicator. 
of the testing simulated Recuplex CAF solution is being used. 
conditions, 0.5 percent siiica has been added. 

The 

The contents of the tanks are circulated with a centrifugal pump for 
A mixing time of less than three minutes was demonstrated on irilxing a 

In final phases 
To approach plaot 

wm !rREAmm 

Process Waste Tack Cleanout 

The study of process waste tank cleanout methods has been initiated by evaporating 
batches (up to 300 liters) of both Purex and Redox neutralized synthetic wastes to 
dryness. Strong, nearly Impenetrable, cakes were produced in both cases. However, 
the cakes were readily slurried up by adding water and heating until a "rolling" boil 

ire&lmlnary result indicates that hydraulic &ins could be effective 
:-'*-3owever, sampling is required to discover the properties of the 
he tanks. 
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Batch Calcination 

Small scale studies of the calcination of simulated high-level Purex type wastes 
by the batch process were continued. 
dlamzter by 7-inch high stainless steel pots. 
10 of the studies contained only nitrates and sulfates of sodium, iron and aluminum. 
me four other studies also contained lead, nickel, chromium, potassium, acetate, 
phosphate, silicon dioxide and manganese dioxide in the minor concentrations that 
would be expected in the neutralized stored Purex waste or that would be added 
during the recovery of strontium from current Purex waste. The prima4 objective 
of the experiments was to better define the waste compositions which produce a calcine 
that forms a melt at 900 C or less. 
form when the sulfate to salt nitrate mol ratio in the acidic, aqueous waste solution 
is greater than one and when the sodium to metal ion (iron plus aluminum plus 
chromium plus nickel) mol ratio is greater than 1.5 but less than 7.5 to 9.0. 
new findings have indicated that there are some waste compositions within these 
limitations that do not form melts. 
minor constituents. 
ion ratio must be lowered to form a melt when the minor constituents are also present. 

A total of 14 experiments were made in 3-inch 
Sirmilated acidic waste solutions for 

It has been reported previously that such melts 

The 

This has been attributed to the presence of the 
For a given sulfate to salt nitrate ratio, the sodium to metel 

Some molten solids eqpted from the pot during the calcination of a feed with a 
sulfate to salt nitrate ratio of 1.4, the sodium to metal ion ratio of 8.0 and the 
minor constituents absent. 
stoichiometric sodium equivalent. 
more solution added to the pot. 
plug 1-3/4-inches out of the pot during the calcination step. 
pot revealed dense, impervious solids above a layer of highly porous solids. 
postulated 
sulfates started to decompose when the temperature rose above about 700 C. The 
reaction gases were unable to escape through the impervious layer so an internal 
pressure developed vhich was eventually relieved in the manner described above. 

The sulfate concentration was slightly greater than the 
The experiment was repeated with 40 percent 

The pot did not erupt:.hu* the solids rose as a 
Sectioning of the 

It is 
that the bottom solids were high in iron and aluminum sulfates. These 

Another experiment was made with the acid, iron, aluminum and sodium concentrations 
the same as in the studies that erupted. The sulfate concentration was decreased so 
that its concentration was slightly less than one-half the sodium concentration. 
The sulfate to salt nitrate ratio was 1.325. No unusual occurrence WBS observed. 

Previous m8 had been made both with and without melt formation using less sodium 
than the stoichiometric sulfate equivalent. Possibly an excess of sodium is required 
only with a waste having a composition near the limit of the melt formation region. 

The effect of phosphate addition on lllelt formation is of interest because of the 
potentially greater latitude offered in adjusting either the combined underground or 
the current Purex waste so that melts form without sulfate decomposition., One such 
experiment was made. 
phosphate to salt nitrate ratio was 1.0. 
Post calcination inspection showed that partial melting occurred. 
melt re,gion had a glassy appearance. 

The sulfate to salt nitrate ratio was 0.76 and the sulfate plus 
The sodium to metal iron ratio was 3.6. 

A portion of the 

Storaae Problems 

An analytical solution to the one-dimensional Poisson's equation for temperature dis- 
tributions in self-heating annuli and cylinders has been derived. The solution 
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assumcs constant thermal. conductivities and uolum?tric heat generation rates. 
dinensionless plot has been prepared to aid in the design optimization of annulus 
radii when aU other parameters are pre-determined. 

A 

The temperature effect of a wid inclusion within an annulus of self-heating material 
aad near the outer edge is being numerically investigated. 

Pot Calcination with Phosphoric Acid 

Au additional expcrlmnt with synthetic Pura 1WW waa performed testing the Brookhaven 
scheme of calcinetion in a got of phosphoric acid. This time the 3-inch stahless 
steel pot was inmPsraed in a turnece rather than heated on a hot plate, and heating 
WBB carried to a flnal mlt. As before, aFyine proceeded tamugh a thick slurry 
stage, and there was considerable foe. However, a compact melt was produced 
which had only about one-hell the volunm of the dxed oxides and sulfates produced by 
direct drying and calcination of Pur- waste without phosphate. 
expected that the themaJ. conductivie of the phosphate melt should be higher than 
that of the sulfate solids. On the baala of these observations the scheme appears 
workable aad apparently nrarits rurther study at a semi-works scale. 

It would also be 

In other urpcrimcnts, borate was compered to phosphate as an additive for rendering 
certain 1WW solids meltable (at temperatures 4 900 C) 
to one proposed scbanv! for vorking off the presemtly stored Purer tank wastes. The 
use of phoephate produced homogeneoue melts whereas borate resulted in two phases, 
one mbile and the other either a solid or a vlscclua. liquid. 
to be the more promising additive for this application. 

These solids would correspond 

Phosphate thus appears 

Observation Wells 

!Chere vere no appreciable changes in ground vater contamination patterns in the 
vicinity of the 200 Areas during the pest mouth. !Che general decreasing trend in 
concentrations of radioisotopes in the ground water, a%tributable to radioactive 
decay and reductions in the quarrtities of radioactive materials crtbbed, was most 
evident in samples fromwclls - adjacent to active cribaites. 

There are indications that radiocontaminants which originated at the 216-BY cribsite 
in 200 East Area, aud were detected in Hot Semiworks monitoring wells several months 
ago, may now be appearin@ in mnitoring wells just south of Purex plant. 
of the vas+& in this direction is expected and probably sccounts for increaaes in 
beta-emitter concentrations recently noted in wells west and southwest cf the Puex 
Process Condensate Crib (2l6-A-5)* 
general path of Pura cribbed wastes which have mved to the southeast of 200 East 
Area. Since radioisotope concentrations in the ground water are of the sam order 
of magnitude for both waste streams, the waste from the 216-2~ cribsite will probably 
;be indistinguishable from Furex wastes in mnitorhg wells southeast of 200 East 
Area 

Movement 

Further mvemect will place the waste in the 

A study was &e of earth samples taken during weU construction to evaluah %he 
effect of the drilling and sampling operation on the character of the sqles. 
evaluation was mede by comparing physical and chemical prcpertles of sampies from 
adJacent wells at two locations, 
lecting material from the bailer used to clean crushed acd churned-up rcck fragnents 
from the well, while the other well was sampled with a conrmercial core-barrel sampler. 

The 

In each case one of the wells was sampled 'cy col- 
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The core-barrel collects in-place 
drilling and sampling procedure. 

ssmples that are practically undisturbed by the 
However, most of the Hanford soil samples have 

been obtained by the simple bailer technique. 
regard to sand, silt, and clay-fraction percentages, pH, cation exchange capacity, 
and calcium carbonate contento 
was less than the standard deviation for all the characteristics studied. 
these data do not reveal a significant effect of sampling method on the earth 
material obtained and research utilizing samples taken by both methods should produce 
colagarable results 

The samples were analyzed with 

The average difference between the two sets of samples 
Thus, 

In cooperation with the drilling contractor, an eight-hour pumping test and a step- 
drawdown test were performed in well 299-E27-4, located about 1000 feet north of the 
Purex tank farm. This well is intended as an emergency water supply system for the 
Purex tank farm condensers. 
produce the required 100 gpm without difficulty. The water pumped wa8 found to have 
a temperature of over 70 F which is about 10-15 F above normal ground water tempera- 
ture. 
and the presence of underground tanks of boiling high level waste. 
contamination was detected in the pumped ground water. 

The test indicated that this well should be able to 

The higher temperature is ascribed to nearby disposal of tkrmally hot waste 
No radioactive 

Diswsel to Ground 

Recommendations relative to the sbando~lnvent of the Purex orgsnic waste crib (216-A-2) 
and location of a replacwnt crib were forwarded to the Chemical Processing Depart- 
ment. 
only to their specific retention capacities due to poor Co-60 and possibly Sr-90 
removal by soil adsorption mechanisms. 
90 percent of its estimated specific retention capacity. The suggested location far 
the replacement facility is about 150 feet south of the existing organic waste crib. 

It was recommended that the existing and replacement facilities be utilized 

The existing crib has already received over 

A review was made of disposal needs arising with reactivation of the Hot Semiwcrks 
for the isotope recQvery program. 
neutralized process condensate to be produced in this program (estimated at 200,000 
gallons or 0.3 column volume) be discharged to the essentially unused U6-C-6 crib 
at the Semiworks. Samples of the waste are to be obtained for soil column testing 
soon after operations begin. 

It was recommended that the limited amount of 

"ImC ELEbBI$T AIKI FISSION PRODUCT RECOVERY 

Strontium Recovery Program 

Purex Flowsheet Assistance - The Purex strontium-crude flowsheet was moCified follow- 
ing productfoc run No. 8 to incorporate changes deemed desirable on the basis of 
receot laboratory md hot-cell findings and because of the loss of one of the plant 
centrifcges (which necessitated a reduction in time cycle), The remaining long- 
cooled uranium was processed without feed clarification and the products from 
caustic-carbonate metathesis of the sulfate precipitate (runs 9 thru 14) pooled for 
oxalate by-product precipitation in two batches. 
supernate) was about 60 percent with l50,OOO curies of strontimg0 recovered. The 
strontium-90 concentration (43 curies/gal) was two-fold greater zhan the vault 
material ard lead was very low (4 0.01 gm/l); however, cerium and zirccnium-niobium 
content is high and may complicate purification. 
Purex for concentration (by either evagoration or precipitation) acd shipment to 
325-A when Purex load-out facilities are completed. 

Overall recovery [to the oxalate 

The material is being stored at 
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Other laboratory and hot-cell experiments were aimed at developing a simgle, 
reliable flowsheet for concentratiag the strontium crude (either the above lnsterial 
or +%at currently in the 244-CR vault). Concentration is desirable from a shippiog 
standpoint of fewer cask movements and to provide a mre concentrated feed for the 
purification processes. 
also be nrost desirable. 
high pH precipi-tion with either lM Nag03 or a Na2-CO3-NaOH mixture gave quanti- 
tative strontium precipitation, ferric hydrodde serving as a carrier. A hot-cell 
experiment with a liter of 24443 vault material, however, eve only 58 percent 
recovery. 

Reduction of sodium and nitric acid concentration would 
Laboratory experiments Kith synthetic feeds showed that 

mer hot-cell concentration experiments will use the F-13 concentrate. 

Strontium Purification - Instellation of the larger-scale equipment in A-Cell of the 
Hlgh Level Radiochemistry Facility was completed in mid-November. A cold run was 
stsrkd lOovenrbsr 19, following calibration of tanks and probes. The run, which featured 
room temperature operation and $IIw (ethylene-diamine tetracetic acid) complexiag 
of iron during ion exchange loading, hss proceeded smoothly except for difficulties 
vith the feed pump and piping system. 
this auficulty. 

Piping changes have been made which rec+,ifled 

 he mole ratio of iron to strontium in the vault materid (data on F-13 not yet 
available) is 33 to 1. If this solution is loaded directly, the iron would saturate 
the ion excharge capacity of the resin and greatly reduce the amount of strontium 
which can be purlfied per run. 
stoichiometric qpantity of EDDA at pH 2 to 4.5 will cause iron (and probably cerium) 
to pass through the column while permitting strontium to load. This use of EDTA was 
tested in the A-Cell run. 
was absorbed on the first column without detectable breakthrough whUe little or 
none of the iron absorbed. 

Experiments in a small colunrn showed that use of a 

A ~B-gram batch of stFontium, equivalent to 16,000 curie? 

Other ion exchange experiments were conducted in support of the Bot Semiworks 
campeign8, in which it is proposed.to use an ion exchange column following one cycle 
of solvent extraction to concentrate the product and achieve additional Secontamina- 
tion from cerium and zirconium-niobium. 
concentration of over 50 g/l of resin from a pH 2.5 synthetic solvent extraction 
eluate contau 1 M citrate, 0.4 M Na, 0.04 M Sr, 0.01 Y Ca, and 0.001 M Ce. 
Elution vith eight c&uxm volumes OF 2 W - NalVO3-removed 95-percent of the Gtrontium 
at an average concentration of 6.5 g/l. 
with nitric acid elution. 

Strontium was found to load readilly to a 

Higher concentrations should be realized 

Feed Reparetion - Emghaais has been placed on processing a dilute feed representing 
a four-fold concentration of the "cmde cut" materid currently in the 2u-a vault. 
This feed solution would still be about.one-tenth as concentratea in strontium as 
the feed solutions used in previous solvent extraction studies. 
currently under study involved first an extraction at relatively high pH (4 - 5) 
to extract strontium and some calcium. 
buffering and complexing agents such as ED!W or HEllTA (n-hydroxyethylene diamine 
triacetic acid) added to complex iron and the rme earths to decrease extraction 
to these elezents as well as to prevent precipitation of irona The organic from 
the initial extraction may then be stripped and the resulting aqueous used as feed to 
a second cycle at low pH (2) to separate strontium and calcium. Al.%erna%ely the 

separation 

The flowsheet 

Acetate would $hen be added to provide 

'organic phase may be fed to a partitioning column operating at low pH fcr this 
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Feed solutions stable towards solids formation at pH's as high as 6 can be prepared 
from the four-fold concentrated crude cut solution. Typical feed solutions used in 
btch contact and mini-mixer-settler ms contained 0.5 sodium acetate and 0.05 - H 
EDTA or 0.25 M HEDTA. Complexing of iron by 

EDTA and m- is not rapid and some digestion time (one to two hours) may be 
required to assure solids-free solutions at pH's above four. 

They were used at pH' s from 4 to 5. 

The effect of radiation on the feed solutions as well as the extractant is under 
study. 
to gamma radiation in the 100-KE facility. 
present as buffering agent -- neither EDTA nor EEDTA was pr sent. 
marked increases in pH (to 7 - 8.5) and extensive solids formation had occurred in 
all the solutions. 

Solutions simulating the concentrated feeds previously studied were subjected 
In these cases, acetate or citrate was 

The solutions 
were initially at PH four to two. After exposure to 8 x 1 3 R of gamma radiation, 

No visible change occurred in an organic extraction solution containing 0.4 8 D2EHPA 
(di-2-ethyl hexyl phosphoric acid) and 0.15 M TBP in Shell E-2342 diluent when 
irradiated to a comparable exposure. 
study are being irradiated in the 100-KE facility. 

Samp1e;f simulating the dilute feed now under 

Laboratory Solvent Extraction Studies - Batch contact studies were made using dilute 
feeds containing acetate and ED!U or BDTA for aqueous and 0.4 M D2EHPA - 0.2 M TBP - 
Shell E-2342 as organic. 
pH was from four to five. 
small (0.5 ) . Distribution ratios obtained indicated good extraction of strontium. 
Cerium extraction was reduced by both EDTA and HED!FA although more by EDTA at any 
given concentration. Distribution coefficients for europium were lower than for . 

the cerium as spiked; again, EMCA was more effective than BEDTA in reducing the 
extraction. 

Aqueous to organic volume' ratio was five and initial-feed 
Changes in pH from initial to equilibrium values were 

Three mini-mixer-settler runs have been made using the dilute feed. 
the extractant was 0.4 M D2EHPA - 0.2 M TBP - Shell E-2342 and feed to scru'r, to 
organic flow ratios were 1 9/0 e 075/0.33. 
tration (0.25 - 0.4 W), initial pH (4.0 - 4,7) and in the use of EDTA or BEMIA as 
complexing agent. S&ab solutions were sodium acetate - sodium nitrate solutions 
at pH 3.8 or 9.0. Data from these runs show good extraction of strontium; excellent 
separation of iron, ruthenium and zirconium-niobium (not detected in the organic ) 
and some separation of cerium (E@ = 6.5 - 13). 
lese evenly between the two phases. 

In all cases, 

Feed solutions varied in acetate concen- 

Barium tended to divide more or 
Calcium data are not yet available. 

Several runs, under solution composition and flow ratio conditiocs similar to *hose 
for the mini runs, have been made in a miniature pdse colunn. 
at volume velocities up to 300 gal.(hr)(sq.ft). 
strontium recovery and partial cerium decontamination observed in the mini runs. 

Operatfcc was good 
These runs confirmed the good 

Preliminary batch contacts were made to test the feasibility of removing strontium 
from an organic stream (A-column product) without removing other constituents In 
these, organic streams from A-column runs were contacted with equal volumes of 
either 1.0 M - citric acid or 1,O M tartaric acid. Equilibrium pH in both cases was 
abut two. Distribution coefficTents (E:) were 0.1 or less for strontium acd Give 
to seven, for calcium and cerium. 
data are consistent with pilot plant information described below. 
designed to achieve partitioning are to be tested in the miniature pulse column 
using radioactively traced feeds. 

Partitioning of strontium appears feasible and the 
Flowsheets 
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Pilot Plant Solvent Extraction Studies - Pilot plant studies to demonstrate the 
recovery of strontium-90 from Purex 1WW "crude cut'' by pulse columu solvent ex+mct- 
ion techniques were continwd. 
described above has been used in these studies. 
extraction of strontium from HEDTA comglewd feeds at pH's ranging from 4 to 6, 
uafns 0.4 Y D2EHPA - 0.2 Y TBP in Shell E-2342 as the solvent. The strontium was 
stripped f?om the solvent-with either nitric acid, citric acid, or tartaric acid. 
!Che latter two stripping agents permitted operation at pH's favorable for partition- 
ing strontium from calcium and rare earths. Highlights of the nans were as follovs: 

Information gained from-the laboratory studies 
Primary emphasis was oc the 

1. Strontium recoveries were greater than 90 percent in extraction ru~18 with 
either top or bottom interface operations and wing up to a 50 percent excess 
HEM# in the feed. Tbr addition of HEOTA may also have provided so= par- 
titioning from calcium; the calcium reported in the product ranged from 50 
to 90 percent of that in the feed. 

Dilution of the feed ten-fold (from 1.6 g, Sr/l to 0.16 g Sr/l) did not affect 
the strontium recovery at 8p approximately constant solvent loading when the 
sanm sodium nitrate and acetate concentrations were maintained in the aqueous 
feed. 

2. 

3. TLZC solvent could be used in either the sodium or acidic form without affecting 
8trontium extraction or column performance. 
cme was typically about 4 with the dilute feed. 

The pH of the waste in the latter 

4. The flooding capcity of the extraction section with the dilute feed was in 
excess of 1200 gal/(hr)(sq.ft) with either top or bottom interface. 
capacity Vith bottom interface was about 70 to 80 percent of the top in5er- 
face capacity. 

5. Improved scrub section stability was obtained using 1 H - NalT03 in place of 
0.2 Y - sodium acetate plus acetic acid. 

With HEDPA present, the acetate concentration in the feed could be reduced 
to at least 0.5 M at pH 4 to 5 without iron precipitation. 
to a pH 4 feed 6 which the iron had precipitated dissolved the precipitate 
withia a few hours. 

6. 
Addltion of HEMlA 

7. Complete stripping of the strontium and calcium in the solvent was obtained 
using 2 H HKO~ at an aqpeous/orgenic flow ratio of 0.2. 
was f~ eEcess of 1000 gal./(b)(sq.ft). 

Calcium partitioning, together with pa control, was demnstrated ir: T&e 
stripping column using either 1.5 Y citric acid or 1 I - tartaric acid as tbe 
stripping solution at 650 gaL./(hrJ(sq.ft) tLroughpu5. The calcim DF with 
1.5 H citric acid (A/O = 0.5) was 2 to 2.5, and with 1 M tar*aric acid 
(A/O-= 0.25) was 5 to 6. 
1.7 at the tog of the column to 2.1 at the bottom. 

The column capacie 

8. 

The aqueous phase pH in 30th ks ranged from about 

A flowsheet based on the above resuts has been prepared for review asrd insegrated 
demonstration. Three mador operations are involved, 1 .e., ex%ractfon of the butted 
and comexed "crude cut" in a typical compound pulse column, selective stripping or 
partition in a simple pulse column, and terminal ion exchange purification - conceotra- 
tion 
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Precipitation and Filtration of Strontium Carbonate - Of several methods tried for 
precipitating strontium carbonate from dilute strontium nitrate solutions, two pro- 
duced a product havlng a satisfactory particle size and filtration characteristics. 
One method uses carbon dioxide and ammonia as the precipitating agent. 
involves the use of sodium or potassium bicarbonate as the precipitating agente 
Previous tests have shown that filter aid is rewired for the successful filtration 
of strontium carbonate which has been precipitated by the addition of sodium carbon- 
ate to strontium nitrate solution. 
with bicarbonate is greater than 40-50 microns and filters successfully without 
filter aid on a "Tyge J Riglmesh" filter screen. 

Calcination of Strontium Nitrate - Strontium oxide prepared by calcination of strontium 
nitrate has been proposed as a terminal product in the strontium recovery process. 
Short duration evaluation tests were made to screen potential materials of construction 
for the calciner by Immersing coupons in molten strontium nitrate (not heat transfer 
conditions). Out of a large number of materials tested, only nickel, Hastelloy C, 
blond, Inconel, HaeteUoy D and Hastelloy B had corrosion rates lees than 10 mils/mo 
when exgosed to calcining strontium nitrate at 600 C. 

me other 

The particle size of the product precipitated 

Strontium nitrate has been successArlly calcined in an agitated heated stainless 
steel pot. 
products into +&e resultant strontium oxide. 
heat transfer and calcining conditions for the four following materials in contact 
with calcining Sr(A03)2 were: 

However, corrosion of the pot introduced as much as 2 percent corrosion 
The magnitude of corrosion rates under 

304-~ stainless steel 

Hastelloy B 
Haetelloy F 

0.5 inch per month 
. Commercially pure nickel 0.5 inch per month 

0.1 inch per month 
0.1 inch per month 

Further tests are planned with oeer materials of constmction, and different cal- 
cining techniques e 

Analysis of Calcium and Barium in Purex EssentialMaterials - Analytical methods for 
detemining calcium and barium in Furex essential materials were required in tracing 
the source-of these materials in the crude strontium producIt. 
used to detect both metals when separated from sodium and other icterferences. 
Cdcium was purified by coprecipitation with lanthanum fluoride. 
was removed by hydroxide prec1pi"Ution. 
were 60 to 100 percent. 
and lead oxalate were a13, unsatisfactory. 
afforded satisfactory barium purification and an alternate for calcium. 
calcium and barium were together loaded on Dowex 50 cation exchange reSb9 WaShd 

free of sodium with tertA normal hydrochloric acid, and eiu),ed with six normal hydro- 
chloric acid. 
barium reccveries were 100 percent. 

Flame photometry was 

Afterward, lanthanum 
Recoveries of added, horn amoun?-,s of calcium 

Coprecipitations with magnesium carbonate, lead carbonate) 
Although Got yet wfdely applied, ion exchange 

Specificaily, 

Recoveries of added, known anoucts of calcim were 75 to 80 percent; 

Radiostrontium Analysis - Application of ion exchange techniques Improved the pre- 
cision, of Sr-89 and Sr-90 measuremects about 2.5 thes and reduced cost about 2.5 
times from previous wthods. 
samples was loaded on Dowex 50. Impurities were removed by washkg with 0.8 &I d- 
hydroxyisobutyrlc acid and 0.4 Y nitric acid. 
strontium was eluted with 8 H nitric acid, dried on a stainless steel dish, and beta 
counted. 
was left 

In the application, strontium in miscellaneous acidic 

For determining sr-89 and Sr-95 the 

For dete-rmining SrYgO, Impurities were removed and the purffied strontium 
resin for three dap. A second impurity elution was made with 0.25 - M 

p5:y-j 
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aC hydroxyisobutpic acid. 
Y-gOe 

That eluate con-ned 0- the three days' grawth of 
Ita bta counting rate permitted Sr-90 calculatioc. 

Analysis of Calcium, Barium and Cerium ia Pilot Plant Solutiors - Since the large 
amounts of sodium and ni*ate in strontium recovery solutions interfere with direct 
determinations of calcium, barium, and cerhm, and since complexing agents like 
make quantitative separation of trace elements very difficult, several techiques 
are uader study for assay by emission spectrograph or -flame photometer methods. 

Strontium Shipment - It has been proposed to &fy the cerium filter cask lor stron- 
tium product shipmhnt by maus of an annular insert which would contain about 1-1/2 
cubic feet of Decalso. 
High Level RadLoch,emistry purified product, which can be loaded onto the bed either 
from a Uute nitric acid solution or directly from the EDIS containing colunm eluate. 
Capscity of the cask under those conditions could be at least 70,000 curies of 
strontium-90. A 
synthetic crude plugged a Decalso bed imusdiately due to precipitation of ferric 
hydroxide. 
cycle eliminated the iron precipitation, but strontium broke through in the fir-st 
column volume. 
promise, and strontium capscity studies are being made with these reagents. 

In other experiments, the absorption coefficient, KD, of strontium onto Decalso was 
memured from nitric acid, sodium nitrate, and ammonium nitrate solut2ons as a 
function of electrolyte concentration. gD has a value of about 10,000 at very low 
concentrations of strontium and electrolyte. 
to 200 at a few tenths molar nitrate and then more gradually to values of 0.1 30 ?, 

at 4 bf electrolyte. Similar values were obtained from sodium nitrate aad ammniun 
nitraG solutions but those from nitric acid were a factor of ten lower. 
nitric acid should be a more effective elutriact than sodium nitrate or ammonium 
uLtra%, while loading should work better from the salt solutions. 

$xperbenta showed that the scheme is entirely practical for 

For strontium crude the situation appears much less favorable. 

Pre-trea-nt of the bed with acid to convert the Decalso to the hydrogen 

Use of EM# and Versene Fe-3 Specific to retain iron in solution show 

This decreases steeply to values of 10 

m, 

Strontium Bearing Solids - The contents of the 2444 vault were heated to about 50 C, 
stirred, and a sample taken after addition of the product of production ma No. 8. 
The sample was examined in the laboratory and found to consain a sal amcunt of white, 
srystalline precipitate. ThC precipitate was removed by filtration, washed, dissolved 
in hot 8 M 8NO , and analyzed. 
less ceri'um ad zirconia-niobium than the bulk of the sample. 
obaervatfona, the solida are believed to represent coprecipitation of stroctlum on 
lead sulfate. 
depending on the extent to which the semple is representative, and codd ex@aln %he 
strontium "giating" phenomena which has been postulated in the plant. 

It was found to contain sore lead and strratlum bus 
On the basis of these 

This precipitate may account for 5 to 25 percent of the total stronzium, 

AmxImcALAFdD ms- CHEWISTRY 

X-Ray ASsorption Edqe Spectromtry 

In connection Kl,th analytical needs in current research progrsms, a 3rief study has 
'been made of a3sorptlon edge X-ray spectrometry. This method ec+ails neasuring the 
absorp-Xon of a monochromatic X-ray beam (obtained vith +,he ai3 of ccllimators and 81: 

analyzinq crystal) on both eldes of a major absorption edge of the ehment to be deter- 
mined. 
ments at mae lengths oarrowly separated from the absorption edge. 
variation in absorption by elements not havillg an absorption edge ir: the wave length 

V4irtuaXy all interferences can be elated by sisply maka +he aeasure- 
The continuous 
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interval covered will be small and the amount of material having an absorption edge 
in this intervsl can be readily evaluated from the discontinuous iccrease in 
abeorption as the wave length of the incident X-ray beam is decreased. 
of Kidely variable composition and in different matrices can be analyzed for the 
8- element by this technique without additional calibration. 

Thus, samples 

The small correction for absorption in the matrix can be eliminated entirely by 
mklng two measurements on each side of the absorption edge. 
extrapolation can be made In a plot of log Io/I vs. wave length (or vs. the Bragg 
angle) tp the exact wave length of the absorption edge and thereby avoid any neces- 
sity for correcting the measurement for changes in absorption by the matrix. 

Then a straight line 

The method was briefly tested for determination of lead and bromine in the S~IE 

sample. 
scans, the absorption jump vas quite constant over substantial composition intervals. 

Despite the fact that the measurements were simply taken off instrument 

Limitations in the method include the fact that the count rates st be handled as 

good precision. 
long wave lengths, severe experimental problems are encountered with these. 
optimrlm cell length is approximately given by 2.56 divided by the mean total mass 
absorption coefficient for all the elements in the X-ray beam. Design of cells which 
do not absorb essentially sll of the soft incident X-ray beam becomes quite difficult 
for the rare earth elements (LIII edges) and for elements lighter than Cr (K edges), 

Analysis of Radiocerium in Huge bunts of Other Radioactivity 

When Ce-144 represents only a trace of the total radioactivity, multichannel energy 
spectrometry must be preceded by chemical purification of the cerium. 
of the new D2EZPA liquid-liquid extraction method reduced the cost of the separation 
three-fold. 
the Ce-IV from 10 molar nitric acid - molar potassium bromate solution. 
cent hydrogen peroxide stripped the cerium from the organic phase. 
also gave better yield and decontamination than former methods. 

logarithmic functions, and it is necessary to accumulate about 10 ppb counts to achieve 

Likewise, since the absorption edges for the light elements are at 
The 

Application 

Three-fourths mlar D2EHPA in n-heptane extracted over 90 percent of 
Three per- 

The D2EHPA method 

Elkem Solenoid Valve 

An Elkem solenoid valve with a plaetic (believed to be polyethylene) body and a 
tantalum seat has been operated snnothly for over 150,000 cycles at 900 cycles per 
hour closing against water at 32 psig. The apparent difference between this valve 
and previously tested Elkem valves is in the body materid and in the use of'a 48 
volt DC coil instead of a 120 volt AC coil. The earlier version failed because of 
eiectrical burnout of the coil. 

Magnetic Pulser 

An 1.55-inch magnetic pulser has operated for 500 hours and 1.2 x 10 6 cycles without 

a breakdown. 
minute, and 10 psig peak pressure. 
varied from 0 to 2 inches - for frequencies from 0 to 100 cycles per minute, 5y 
varying the power supplied to the coils. 

The operating characteristics heve been 2-inch amplitude, 40 cycles per 
Observations indicate that the aplitude can be 
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Corrosion of 3044 Stainless Steel in HNOq-HF-Al(N0q)q Solutions 

Corrosion rates observed for 304-L stainless steel in boil* 6 M mO3 - 0.01 M EF 
containing aluminum nitrate at Al/F mole ratios of 0,1,2,4,5,6 a 8 were 3.8,’2.4, 
5.5, 0.5, 0.3, 0.3 and 0.2 mils/mo, respectively. In the absence of any fluoride, 
304-L corrodes at about 0.14 mil.s/mo in boiling 6 M HEJO . 
Further tests in 8 M BB03 - 0.01 M HF-Al(N0 I3 solutions are in progress: The data 

An Al/F mole ratio of 
four or more is required for effective protection zf 30 2 -L in boiling 6 bl m03. 

are desired in connzction with t& use of f 4 uoride in Pura ion exchange procedures. 

Corroeion of waukesha 23 and 88 Alloys in -ex uw 

Samples of Uaukesha alloys 23 and 88 (steels) were exposed at room temperature to 
siPlulated Pumx 1WW (at 6 M HAo3) to determine their suitability as valves or in 
=taring instnuPents 
Alloy 88 corroded at about 2 mils/mo. and in the solution at boiling, at about 50 
mils/mo. After two days exposure, preferential attack was evident -- an apparent 
leaching out of some phase of the alloy. 

AUzy 23 corroded catastrophically (4 in/=. ) in the solution. 

Ceramics for Rued Chloride Baths 

A special gas-tight zirconia crucible (purchased from the Zirconia Corporation of 
Amarica) was permeable to a sodium chloride-potassium chloride-barium chloride 
solution at 800 C after only 50 hours of use. 

C-Column Test Facilities and Studies 

Twelve runs were made on the C-column teat facilities during the mnth. 
were runs similar to the one described last month, to determine column stability. 
Standard deviations in mid-column aqueous uranium concentrations of 0.35, 0.22, 
and 0.63 gram/liter at a nominal. value of 75 grams/liter were obtained for 0.70, 
1.06, and 2.50-hour periods, respectively. 
determine the repeatability of column conditions, and to evaluate uranium concen- 
tration as e function of ~adial position of the sampling probe. 
runs are cow being processed and analyzed. 

Three Foxboro Electronic Consotrol Instrumentation (ECS) control systems were in- 
stalled in the 1C column facility for evaluation. 
utilizing rssfstance-type temperature detectors and pneumatically operated steam 
valves. The third system controls the interface position of the column, utilizing 
a 0-50MV sigcal from a capacitance-type interface detector. !Ex three instrument 
systems are all solid state electronic components with the exception of the conversion 
of electric to peumatic signals for the operation of the final coctrol elements. 
Initiai operation has been satisfactory. 

Among these 

The re- runs were carried out to 

Data from these 

Two are temperature control systems, 

The de’cwghg of the new Data Scancing Progranmr was completed this mocth. 
cecessarj wir4bg changts in the 322. Building racks were made and checked out so 
that bta scanning can now 5e done with either the old or new programmer. 
with the cew programer has begun. 

All 

Operation 
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Calciner Furnace Control System 

Synchronization of the prototype programmer for finish-section shell temperature set- 
point with the existing programmr for feed-section furnace parer has been accom- 
plished. The existing power programmer servo is not in motion during the first phase 
of startup. During this period the finish-section tp-mperature controller set-point 
is programmed from a synchronous-motor-driven cam cut to match the present shell- 
temperature time curve. During the second and third stages of startup, the tempera- 
ture controller set-point is programmed fromthe existing power programer servo. 
Use of this system will provide precise synchronism of the finish and feed section 
shell temperatures during startup and shutdown. 

Mechanical Processing 

A new DC tachometer and high raage (0 to 10,000 psig) pressure transducer have been 
used to make velocity and pressure measurements in program-closing studies on the 
hydraulic Non-Production Fuels sheer. 
Because of the limited frequency response of the Sanborn, a Hughes Memo Scope was 
also employed to determine whether the ssritjorn adeqaately responds to the pressure 
and velocity waves. 
are recorded correctly by the Suborn, but that in most cases sharp step changes are 
missed. 

!Phe data were recorded on a Sanborn Recorder. 

Preliminary conclusions are that some of the vibratory phenomena 

Under no load conditions the steady state velocity of the shear ranges from 40 in/sec 
at 500 psig operating pressure to 90 in/sec at 2000 psig. 
pressure developed at the end of stroke, when the blade hit the stop, ranged from 
1100 psig at 500 psig operating pressure to 3700 psig at 200 psig. The hydraulic 
pressures developed in cutting one-inch Schedule 160 stainless steel (304-L) pi& 
were 1900, 1800, and 1700 psig, when the striking velocity of the shear blade was 
79, 85, and 90 in/sec. 
velocity; therefore, less hydraulic pressure is required to cut the work piece. 

The maximum hydraulic 

The momentum of the shear blade increases with the increased 

REACTOR IEVELOm - 4000 PROGRAn 
PLUTONIUM RECYCIJZ PROGRAX 

Continuous Ion Exchange Contactor Development - Jiggler Contactor 
Operational pressure drop data for hydraulic analysis were secured for the adsorption- 
scrub column. 
gal/(hr)(sq.ft); and resin - no flow of 20-50 mesh. Adsorption section pressure 
drops ranged from 3 to 7 psi/ft and scrub section pressure drops from 1 to 5 psi/ft 
under varying pulsing conditions. 

Process flow rates were: feed - 45 gal/(hr)(sq.ft); scrub - 30 

Investigations of the elution column indicate that the elutant is still being drawn 
awn into the adsorption section during the suction phase of the pulse. 
increase the supply rate capabilities of the elution scrub and to determine the 
feasibility of further separating the "A" and "C" Columns are in progress. 

Tests to 

Salt Cycle Process 

riment - The first test of the current Salt Cycle Process concept with 
q !I rr 

LhLJ7 
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irradiated feed was completed during the month. Feed for this experiment consisted 
of b0 grams of UOg (initially 1.6 a/o U-235) which had been irradiated to ca. 1000 
W/T and cooled ca. 18 months. 
from this run. eitative observations of possible interest include the following: 

80 analyt;ical data are yet available oc thFproducts 

1. The clad separation step, in which the fuel was freed from the stainless 
steel cm by saving the (approximate 0.5 inch diameter) fuel rod into 
one-inch lengtha and heating in air at ca. 450 C to convert the U02 to U 08 
and thereby pulverize it, pceeded smrw although there waa sone in d - 
cation that the irradiated material oxidized mre slowly thaa had unirradiated 
meterials wed in cold runs. 
C- segments after this operation indicated that no more than a negligible 
amount of U02 waa retainedwlth the cladding. 
of any significant "dusting" in this operation. 
operation mey be wortby of consideration for larger scale work as well. 
stainless steel canister in which the one-inch fuel rod segments were supported 
verticslly on a wire grid bottom was lovered completely inside the fused 
silica dissolver vessel and this vessel covered with a loosely-fitting lid. 
Air waa dram into the dissolver vessel round this lid, up throw the canister 
and out through the canister support tubing and a scrubbing system. 
canister was subdected to continual (mild) vibration during this operation 
80 that the powder was shaken loose as it formed and dropped onto the surface 
of a solid cake of TJecl-EOcl in the dissolver vessel. As the weiat change 
indicated the powder remOval was nearing completion the Mace temperature 
was raised to melt the salt and allow the uranium oxide powder to sink to the 
bottom of the dissolver vessel before the assembly was opened. 

Weight change and visual lnsgection of the 

Likewise there was no evidence 
The technique used for this 

The 

The 

2. 
. 

Dissolutiou of the oxide into mlten NaCl-KCl was accomplished by sparging 
the solution with both chlorine and hydrogen chloride and likewise proceeded 
smoothly. 
antly Sb-125) on the filters in the cell exhaust system was noted during 
this operation. 
through the in-ceU off-gas scrubbing equipment or whether it IDBY have escaped 
to the cell proper and thence to the filters during Srief periods when the 
hood over the equipment was remved for manipulatior?s. 
was aggarently efficiently trapped by the cell filter system since there was 
no evidecce of radloactivikj in the exhaust duct downstream from tke ffltera. 

Accumulation of radioactive material (which proved to be predomin- 

It is not clear whether this material survived passage 

'ke volatilized material 

3. Qualitatively the four electrodepoeitions which were made appeared to dupli- 
cate performance seen in cold 111118. - ca. 100 grams of uranium as U02 free of plutonium and was made on a graphite 
cathode and in the presence of a chlorine environment. The U02 deposit was, 
as expected, smooth, dense, ana tightly adherent. Following this deposition 
the salt showed the green color characteristic of uranium(N), which is 
expected to form under these conditions. 

The first deposition sought to remove 

Following this "By-product Deposition, " two consecutive "Product Depositfocs" were 
made with a platinum-clad cathode and with air sweeping over the top of the riel%. 
?he UOg deposits in both cases were the porous, "dendritic" cypes of deposit pre- 
viously seen in cold runs under these conditions. 
of plutonium) which had been deposited as a "by-product" was oxidized and re-dissolves 
in the melt and a thlrd "product" deposition &e under tke above conditions. 

Fi-7, "he U02 (supposedly free 



A composite sample of about 230 grams of U02 was washed, dried and reduced in a 
mixture of 19 -and Q. 
of only ca. 2 g/cc it wm manually crushed, an operation which sufficed to increase 
its pourxnsity to ca. 5.5 g/cc. The crushed material was then transmitted to the 
Ceramic Fuels DeveloGnt Operation for testing its compaction ability in a remtized 
vibratory compactor. 

When the reduced material proved to have a "pour" density 

Studies of KCl-FMlp System - Addition of 0.5 mole percent TlCl to the 52.7 mle 
-mole percent KCl eutectic increased the rate of dissolution of 
U 08 by chlorine by a factor of ca. 6. 
dC1 solution produced a crystU%e U02 deposit quite similar in appearance to 
that obtained in the absence of llCl. 
500 ppm Pb, 500 ppm K, 20 ppm Tl, and an O/U ratio of 2.027. An attempt to subline 
the impurities out at 500 C under 10-5 mm Hg was unsuccessful, giving no significant 
change in impurity content. 

Electrolysis of a PbC12-KCl-UO$l2-0.5 m/o 

Analysis of the U02 deposit obtained showed 

Behavior of Flutonium in the Salt Cycle Systems - The X-ray diffraction pattern of 
the solid phase precipitated when a solution of Nacl-Mcl-Arcl3 is sparged with air 
verifies that the precipitated product is PuO2. All the lines in the Pu02 pattern 
are present. 
sodium chloride and potassium chlorides were present as impurities. 
diffraction linea of these compounds account for the remaining lines in the diffract- 
ion pattern. 

Since the precipitate was not exposed to any aqueous washing operations, 
The stronger 

Behavior of Lanthanum in the Salt Cycle System - In preparation for study of the 
behavior of rare earth fission products in the Salt Cycle System, some exploratory 
work has been done with lanthanum. 
into NaCl-KCl at 700 C by treatment with chlorine gas. 
La203 were dissolved in 20 grams,of molten NaCl-El. 
oxygen then resulted in precipitation of 14 percent of the lanthanum in one hour and 
this had increased to 17 percent in three hours. 

Lanthanum oxide is ratbr readily dissolved 
In this manner 4 grams of 

Sparging this solution with 

The X-ray diffraction pattern of the solid phase revealed a cubic lattice which 
could not be identified with the diffraction patterns for either La203 or LaOCl. 
precipitate likewise dissolved only very slowly in hot concentrated acids and like- 
wise resisted dissolution in molten potassium persulfate. 

The 

Further work showed that solid La203 when digested with mlten NaCl-KCl at 700 C is 
pmtfally converted to LaOCl in three hours. Solid lanthanum oxychloride (prepared 
by igniting LaCl3.7 QO at 450 C) when digested under molten I9aCl-KC1 at 700 C with 
agitation via an argon sparge is converted to the extent of about ten percent in 
three hours to the unknown insoluble compound. 
under helium in the absence of the molten salt solution produced no change. 

However, heating solid Lam1 at 700 C 

Chemical analysis of the unknown solid compound disclosed a lanthanum content of 
76.9 w/o but no satisfactory analyses for chlorine and oxygen were obtained.. The 
measured lanthanum content suggests the formula La50&13 or La20 .3LaOC1. 
formula appears compatible with the experimental evidence in tha z the reaction 

This 

3 LaOcl- La203 + Lac13 

could account for the formation of an insoluble material containing both La203 and 
Law1 in the absence of' oxygen (in keeping with the experiment utilizing an argon 
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Pilot Plant Studies - A l/2-inch x l/2-inch x 2-inch graphite cathode vas inserted 
into a 20-liter salt bath with a large anode on each side to determine the thickness 
of U02 deposits attajnable by electrolysis of UO$l2 in eq-lar NaC1-KC1. 
electrolysis ks carried out over a 20-hour period at no C and at current densities 
and voltsges approximatiag those previously reported in pilot plant runs. 
terminated by air corrosion of the cathode at the bath surface. The U02 deposit, a 
porous structure of needle-like and plate-like crystals, retained the square cross- 
section of the electrode. The deposit was l/2-inch thick near the bath surface but 
decreased graduelly as the depth increased. Thc pornus structure, in contrast to 
a high-density, sheet-like deposit obtained in pilot plant runs, is apparently due 
to the lower concentration of chlorine produced at the anode in the system, which 
appears itmiequate to redissolve the UO2 dendrites as they are formsd. 

The 

It was 

Reviouly reported carbon impurities of 150 ppm appear to be typical only of the 
large agglomerates which are formed by breakup of the sheet of U02 deposited on the 
electrode. 
although carbon fines caused high variability from batch to batch. The fines were 
apptrently formsd from air corrosion of the electrode at the bath interface and 
from carbon adhering to the back of the deposit when it was remved from the elec- 
trode. Attempts to remve the carbon by extraction with kerosene or to prevent 
corrosion by inert gas blankets have not been successful to date. 

An overall average of 1000 ppm carbon was obtained in recent runs, 

In an effort to reduce the high carbon content of electrolytic UOg, several metals 
were tested ea possible replacemsnts for the graphite cathode. Platinum which had 
originally been suggested for this purpose proved unsatisfactory during a pilot 
unit run because of extremc interface attack. Metals tested on a small scale (in 
order of decreasing corrosion resistance) were Hastelloy D, Nichrome, Hastelloy 19, 
Hastelloy X and Hastelloy R-235. 

The last three metals were found to be completely unsatisfactory for the same reason 
as platinum, i,e., high interface corrosion. Nichrome exhibited minor interface 
corrosion and is to be tested further. 
the interface and had good general corrosion resistance. 
corrosion rate was approxlzu8tely 200 mIls/mnth but in subsequent tests with the 
same electrode it decreased to about 100 mils/mnth. 
D as a catbode material is planned on a pilot plan$ scale. 

Hastelloy D did not corrode selectively at 
During an ini3ial test the 

Further evaluation of Hastelloy 

Uninsulated quartz gas lift tube8 were tested for possible applicaticn to recirculate 
molten salt. 
because of salt freezing. 
lation was obtained at 66.6 percent submergence (10-inch lift - 20-inch depth). 

In a prelimizlary test using a 1/4-inch D tube, recirculation failed 
With a 3/4-inch ID tube, however, considerable recircu- 

Salt Cycle Haterials of Construction - During six-hour exposures to HC1-sparged 
equimolar potassium chloride-sodium chloride lrrlt at 750-800 C, samples of Alzico-2, 
-3, and -3 corroded at rates of 36, 36, and 29 mils/mo., respectively. 
accelerated attack at the melt-vapor interface occurred on the Alnico-2 and -3s 
samples. During longer exposures (73. hours) to the sparged melt at 750-7'75 C, the 
Alnico-2 sample corroded at 50 mils/mo., again with some accelerated attack at the 
interface and in the vapor mse. 

So= 

The Alnico-3B sample corroded at 9 .mils/m,. wi%h 
some pitting Seaeath a.icaG 
+*he most prodsing corrosion 
this system. 

which formed just a'cove-t!x interface level. 
behavior obsemed to da+~ for any metallic material ic 

"his la 
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RAOIOACTNE RESIDUE PROCESSING 

Ball Mill Waste Concentrator and Calciner 

An induction-heated ball mill was developed as a hydrolyzer for cerium zinc hexa- 
cyanoferrate(I1) as part of the fission product packaging prototype. 
of using this hydrolyzer as an aqueous waste concentrator and calciner was explored. 
The apparatus concentrated successfully simulated Purex low-acid waste to the point 
of slurry formation. 
dryer or as a calciner because of solids agglomeration. 
achieved during continuous operation at temperatures of 600 to 700 C but the 
residue stuck to the walls of the rotor and to the agitator elements (3/4-inch cubes 
of stainless steel). 

The feasibility 

Harever, the apparatus did not perf'orm successfully as a 
Partial calcination was 

Bo additional work is planned. 

Radiant Heat Spray Calcination 

Efforts for the month have been concentrated on (1) determining the effect of feed 
dilution on particle size, (2) calciner runs with a proposed feed which corresponds 
to blending underground stored waste with current waste, (3) evaluating refractory 
cloth filters with blow-back, and (4) corrosion studies on materials of construction 
and on non-galliag alloys for use in valves. 

Several runs were made vith an acidic Purex 1WW feed ranging from full strength to 
8 1:lO dilution. It was expected that particle size would decrease with dilution, 
due to smaller solids content in each spray droplet; however, such was not the case. 
Feed concentration seemed to have very little effect on particle size of the powder 
produced. Therefore, a plant spray calciner would be able to handle unconcentrated 
waste as readily as concentrated, although the size and capacity of the unit would 
need to be greater to accommdate the larger volume of dilute waste. 

Two runs were made with a feed simulating that obtained if Purex wastes were blended 
with stored wastes to test spray calciner operability. 
difficulty except for some caking in the nozzle (which may not have been cooled 
adequately). 
lumps e The powder contained 3.8 percent nitrate and 3.0 percent sulfate 
some of the lumps to 800 C in a crucible gave only superficial melting. 
sugar and other additives could improve powder characteristics and meltability from 
this feed. 

The feed calcined without 

The product tended to cake on the cloth filters and came off in hard 
Heating 

Use of 

The reEoval of solids from calciner off-gas continues to be a problem. 
rigid filters including both sintered stainless steel and ceramic filters mounted 
and gasketed in several ways have been in simultaneous use for some time. 
was dismtled and icspected. One ceramic filter had cracked, and several showed 
sow slight evidence of blister build-up near the Durabla gaskets, indicating some 
leakage. 
tke porous stainless steel allowed the least leakage. The main difficul5y with 
the rigid elements is a build-up of powder on the surface of the filter. This 
amounted to 1/8 to l/b-inch, occurred in layers, azld causes a high pressure drop. 
Blow-back removes ody a porticn of this cake. 

A series of 

The ucif 

There was evidence that some solids had passed all of the filters, although 

Two improvised Fiberflax (aluminum silicate cloth) filter elements were used in the 
runs with blended waste. 
and the flexibility of the cloth.allowed the blow-back cycle to remove even the 
hard, adherect cake (which would have plugged a rigid filter). 

Pressure drop was only one-fifth that of the rigid filters, 

A new filter section 



Mi&eral Reac+,icns 

The cesium-eelectivity of clinogtilo 
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lized to reduce the specific 
gravit-j of wastes atored in Furex tanka by separatiag the sodium from fission products 
in #e supernatant solution. The sodium nitrate solution could then probably be 
disposed to the ground. The cesium could be eluted from the mineral Kith an ammnium 
salt and returned to the tank with considerable improvement in available storage 
capcity. 
boiling tanks such ae those used for coating waste. The eluate from the mineral 
column could 3e either returned to the tank or possibly fed to a calciner . 
emmorium salt would decompose in a calciner reducing the calcined produc+, volume. 
E amwnium nitrate proved too utable for storage or calcination another smmonlum 
aalt could be used or another cation, such as potassium, used for eluting cesium. 

If the column effluent could not be cribbed it could be stored in non- 

The 

Clinoptilolite elution experiments with 10 M ‘SH41403 resulted in the removal of 97 
percent of the adsorbed cesium ln two calm- ~~luecs. 
from clipoptilolite with ammonium hydroxide were not so successful, probably because 
of its lower aanmnium ion concentration. 
with flow rates of 50 gal/(hr)(sq.ft), using clinoptilolite loaded with cesium from 
synthetic high level waste. Similar elution exgeriments for radiostrontium on 
clinoptilolite indicated that about 30 gercent is tenaciously held in the bed, 
apparently by so- mechanism other than ion exchange. 

Laboratory studies ln the fixation of radioisotopes from high level wastes on clinop- 
tilolite indicated poor retention of ruthenium but this was the only prominent radio- 
isotoge not rtmved by the mineral. 
bed reactions for immobilizing ruthenium from neutralized wastes but this is not 
easily acco@ished without pH adJustmcnt or reducing conditions. 
of electrolytic removal of rutheniumwas under study, 
of ru*Aenium from alkaline wastes with decontambmtion fac+ars greater than 100 has 
been demnstrated; such a process might also permit reduction of the nitrates to 
nitrogen oxides. 
qmtities of nitrates to the environs. 

Laboratory experbents were conducted to determine the effect of phosphate dditior: 
on the rcmoval of strontium from Purex boiling-tank condensate by a cllnoptilolite 
bed. The addition of up to 0.01 W phosphate ion had no effect on the observed 
strontium removals. TDe fraction-of radiostrontium which cannot be removed by ion 
exchange remained unaffected 3y this treatrcent. 
to be associated with an organic emulsion in the condensate. 

Attempts to elute cesium 

These elution experiments were performed 

Research is UOdeIway to seek scavenging or mine 

Th possibility 
Elsewhere the electrodeposition 

This may be an advantageous way to avoid discharge of massive 

This strontium fraction is believed 

Expermts wi+A shallow beds of iron granules resulted in uptake of 2-95 - Nb-95 
similar to tkat found for ruthenium. 
and lcwest at pH ll, corresponding to iron oxidatior ra*%es. 
niobium uptake was somewhat lower than at pH 5 but was stlll appreciable. 
ruthenium it is not probable that zirconium plates out ln the elemental state at 
+Ais lower pH, but is Selieved to be reduced by the hydrogen generated on the iron 
surface to a less reactive fora that deposits on the bed. 

The rate of uptake was greatest at pH 5 aad 8 
At pH 2 zirconillm- 

Unlike 

Condensate Streams 

Ir? mot Run XL, approximately TOO gallons of Pursx Tank Farm condensate was paseed 
through activated carbon at a flow of about 1 gp/sq.ft. followed by passage through 
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clinoptilolite at a flow rate of 4 gpm/sq.ft. 
through the carbon was effective in removing butyl phosphates to less than 0.1 ppm 
(DF > 600). !!!he treatment was less effective for removal of hydrocarbon diluent, 
the effluent concentration increasing from about 0.2 ppm (DF~150) early in the 
run to 3.0 ppm (I@'& 10) at the end of the run. While the feed appeared to be a 
homogeneous cloudy oil-in-water emulsion, distinct particles were visible suspended 
in the carbon column effluent. 
the mineral bed but they tended to settle out in the system, periodically breaking 
loose and floating as a sludge on top of the aqueous effluent. This sludge had 
considerable radioactivity associated with it, the primary gamma emitters being 
Zr-95, I9b-95, and Ce-144. 

The strontium decontamination factor across the carbon column was about 6 and the 
decontamination factor across the clinoptilolite was about 10 for an overall decon- 
tamination factor of about 60 during *st of the run. Cesium was not removed by 
the carbon but a decontamination factor of about 500 was measured across the clinop- 
tilolite during the early part of the run. Addition of 100 ppm phosphate ion in 
the form of the trisodium salt to the clinoptilolite feed during part of the run 
did not change the decontamination for either strontium or cesium. 

Passage of the radioactive waste 

These pafticles were not effectively filtered by 

PRTR Waste Disposal 

EW-67514, "Predicted Characteristics of PRTR Liquid Effluents," was issued. 
report presents estimates of radioisotope concentrations in PRTR single-pass shield 
coolant streams resulting from activation of impurities in the water and corrosion 
of activated piping. 
river will result in an slmost unmeasurable increase in the potential internal 
exposures of downstream water consumers and will be a very small fraction of the 
limits specified in Hanford Radiation Protection Standards. 

The 

It was estimated that discharge of these effluents to the 

BIOUXlY AND MZDICIHE - 6000 PROGBAn 
Geology and Hydr ology 

. 
Tbe lowermost sand and gravel bed of the lower Ringold "blue clays" was shown by 
wells recently completed on Project CAH-885 to thin to the northeast, east, southeast 
and south and to grade into silts and sands. 
relatively impermeable basalts beneath it and silts and clays above it. 
200 East Area this bed lies at the water table. 
to the rest of the Ringold sediments, offers a means by which waste waters may move 
to depth into the basin southeast of 200 East Area. 
the wastes ever enter it, is almost certainly precluded by the fine-grained sediments 
in that bed nearer the Columbia River and by the confining higher and lower strata, 
If the wastes settled by gravity forces, they would have to overcom? those forces 
to rise up to more than 500 feet in order to enter the Columbia River. 

Progress was made in the construction of a.mathematical model for saturated flow in 
the plane of symmetry of a ground water mound. 
Operations Research and Synthesis, the equation form of the complex potential dis- 
tributicn was obtained and one solution obtained by means of an integral evaluation. 
A major difficulty faced in the process of solving this flow problem is the uncertainty 
in the shape of the water table. The procedure developed for attacking the problem 
gives the conformation of the water table during the solution of the flow problem. 

The bed there also is confined between 
Beneath 

Its high permeability there, compared 

Movement out of the basin, if 

With assistance from personnel in 
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A better system of coxstmints must be derived to avoid instability in the computer 
solution for the imbibing case of partially saturated flow. 
earlier for this application is unsatisfactory because the input constraints are very 
sellsitive and difficult to estimate. 
of the partial differential equations that muat be solved. 

The system derived 

The difficulty arises from the non-linearity 

A study we8 made of the relative influence of several system variables on the flow 
patterns beneath cribs. 
analysis of the flow from specific Word cribs and swamps. The variables studied 
were the size of the crib, the depth of the water table, the relationship between 
eoil misture conteat and conductivity, and the degree of inhomogeneity of the soil 
as expressed by the ratio of horizontal to verticsl permeability. The experiment 
involved comparing the numerical solutions of mathematical mdels for which coctrast- 
hg values were selected for each variable in turn. 
variables had a greater effect on the resulting flow pattern than was anticipated 
and none could be ignored. 

Plis work is prellminnry to an attempt at a detailed 

In general. each of the design 

Soil Cbmistry and Geochemlstry 

Studies of mineral replacGmcnt reactions were extended to include several cation 
replacupent reactions. 
the order and rate of such reactions. 
of -sum (CaSO4.a 0) by barite (B8SO4) and celestite (SrSOk) and the replacement 
of calcite (CaCOg) & strontianite (SrCO3) and witherite (BscO3). Kinetic Mse 
determinations were made with chromatographic columns and influents contaioing 
established concentrations of cations. The final products were identified from X- 
ray diffraction patterns. 

An investigation was begun to ascertain principles governing 
The reactions studied included the replacement 

The results of these experiments indicated that both the replacement order and 
relative replacement rate of each of these reactions is’determined by the difference 
in solubility between the original column material and the final product. 
where several. replacenrent products were possible only the least soluble product 
formed. Thus, the same criterion of solubility governs both cation and anion replace- 
ment reactions. 

In sys-m 

Ground Waste Investigations 

Labcratory experiments were completed to measure the adsorption by soil of radio- 
isowpea from organic liquid used in the Purex process. The organic con$ained 30 
percent TBP in a petroleum solvent. 
ba+,ches of this orgatzic material by discharge tc a special crib. 
of radioisotopes from the solvent by soil was determined by equilibrium distribution 
experiments using actual samples of organic waste. The radioactive materials foud 
IE the waste for which soil adsorption was determined include ruthenium, strortiun, 
cesium, io-e, cobalt, zirconium, plutonium, uranium, and rare earths. All of these 
mterials were adsorbed by the soil except ruthenium, cobalt and iodine. The dis- 
tribution coefficients for the adsorption by scil from the organic solven3 were not 
greatly different from those commonly measured for aqueous systems. 

It is occasionally necessary to dispose cf 
The relative removal 

Field Apparatus Deveiopent 

Ccmpocents for a sensitive pressure drop sensing element for orifice measurenent of 
very low flows were asseeled and tested. 
wells in the range of 40 to 1500 cc/min. is believed attainab‘ re with the device which 
wIXL be fLe2dktCeted.’ 

Measurement of vertical flows in 8-inch 

i25;;; i - 
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Micromeri tic s 

Particle deposition in standard pipe of several diameters and lengths was calculated 
for several particle diameters and air flow rates. Data used were obtained in experi- 
ments perfonned earlier. 
showed that mst sample line installations would deposit a large fraction of particles 
larger than two microns in diameter on the pipe wall. 
in larger pipe sizes, even 2 p particles might be lost to the walls. 
after deposition of particles larger thsn lOA, for which only limited data are 
available, may result in more representative’sampling for these sizes. 
normal operations most of the radioactive material in plant effluents is believed 
to be associated with sub-micron particles, samples taken during emissions of larger 
particles are likely to be qualified due to non-representative particle sizes delivered 
to the collector. 

Applied to currently used stack sampling lines, the results 

For higher velocity streams 
Re-entrainment 

Although in 

Reactor Effluent Radioisotope Studies 

Although the time required for the cooling water to pass through a reactor tube is 
too short for any significant fraction of most impurities to be activated, two radio- 
isotopes are produced in this fashion in amounts greater than one percent of their 
total activity. 
and P-32 of which as much as 14 percent may be produced by fast neutron activation 
of sulfur impurities in the process water which pass directly through the reactor. 
In all other cases, most of the radioisotopes result from activation of the impurities 
adsorbed onto the reactor film and then desorbed. The P-32 from the sulfur not 
adsorbed from the water thus represents the minirmlm obtainable by eliminating any 
contribution from the reactor film. 
reduction of sulfur in the process water. 
another acid and another flocculating agent rather than the presently used sulfuric 
acid and alum. 

These are Na-24 of which about 30 percent is produced in the water, 

Further reduction of the P-32 would require 
Some reduction can be obtained by using 

Pigments for Heteorological Studies 

A search is in progress for two pigment materials of less than four microns diameter 
which would be suitable for dual pigment meteorological particle dispersion studies. 
In addition to size, and compatibility with dispersion methods, the pigment concen- 
trations on collection filters should be capable of simple, yet very sensitive deter- 
mination for each pigment in the presence of large quantities of the other. Fluor- 
escent and phosphorescent zinc sulfide pigments are available which have been found 
to meet the analysis requirements, but the phosphorescent particles are much too 
large. On grinding, these pigments are found to lose much of their phosphorescence. 
Other fluorescent materials are being studied in combination with zinc sulfide which 
may produce the desired dual particle system. 

Radiation Protection Studies 

Comparative protection indices were measured for agar as a 0.1 percent solution and 
as a gel at a concentration of 0.4 percent. 
respectively, indicating a decrease in the protection index of 1/40 in passing from 
the liquid state to the gel state. 
properties upon forming the gel matrix may make agar a useful prototype for studying 

The values were 0.016 and 0.0004, 

This interesting change in radical-scavenging 

the effect of configuration on these properties 
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A. 

B. 

BIOLOGY LABORATORY 

ORGANIZATION AM) PERSONNEL 

During the monfih, D, E. Warner, Manager, Biological Analyses, resigned to 
accept a position with the BECIS Division of Compliance in Washington, D.C. 
R, F. Palmer of the Metabolism Operation was appointed his successor effective 
December 1, 1960. 

TECHNICAL ACT'IVITIES 

FISSIONABLE MATERIALS - 2000 PROGRAM 

BIOLOGICAL MONITORING 

Radioiodine Contarninatio n 

Concentrations of 1131 in the thyroid glands of jack rabbits were approximately 
twice those observed one year ago. Values follow: 

Location 
Trend 
Factor 

Collection 
Date 

Wahluke Slope NOV. 2 4 10-4 5 10-4 2 
Pros ser Barricade Nov. 1 3 10-4 5 10-4 -- 
Rattlesnake Springs Nov. 1 2 10-4 5 10-4 -- 
Columbia River Contamination 

Whitefish were abundant and readily available to sportsmen at public 
fishing areas at Priest Rapids and Ringold which are immediately upstream 
and downstream from the Hanford Reservation. The October whitefish catch 
per unit effort of fishing at Ringold and Priest Rapids was one fish per 
man hour and one and one-half fish per man hour, respectively. 
about the average rate of fishing success during this season of the year, 

This is 

Concentrations of gross beta emitters in whitefish collected from the 
Columbia River within the Hanford Reservation were approximately twice those 
observed one year ago. 
fish from the Hanford Reservation into the Priest Rapids area where the 
average concentration of radioelements in flesh was about the same as those 
observed one year ago. The average concentration in the flesh of &itefish 
from Ringold increased to three times the average for November 1958 
one fish was collected during November 1959; its. radioactivity was WiVnin 
the range of values foud during November 1960. 
in samples from Priest Rapids was about the same as last year. 
values for fish flesh follow: 

The annual upstream migration of whitefish brought 

Only 

The average concentration 
Specific 

UNCLASSIFIED 
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Sample Type 
Collect ion pc/g Wet Weight 

Location Date Average Mi3Ximum 

mitefish flesh Priest Rapids 
n U Hanford 
n n Ringold 
!! n McNarg 

Minnews (entire) Hanford 

Chislemouth flesh Hanford 
n W Burbank 

F.S. -Sucker flesh -bank 

C.S. Sucker flesh Hanford 
n n Burbank 

Squawfish flesh Hanford 

Carp flesh Hanford 
.n n 

L.M. Bass flesfi Hanford 
Yellaw Perch flesh Hdord 
S.M. Bass flesh Hanford 
Chub flesh McNary 
Pumpkinseed flesh McNaqy 

Channel Catfish flesh McNary 

Mdarg 

n n Maw 

McNarg 

(1 ! f! MCNarY 

Squawfish flesh Mary 

McNarg 

n n 

n It n 

n 

Black Catfish Mflarg 

Oct. 20 
Octo 12-17 
Oct. 19 
Oct. 26 

Octo 26 
Oct. 18 
Nov. 3 
Oct. 26 
NOVO 3 
Octo 26 
Octo 18 
NOVO 3 
Oct. 26 

Oct. 26 
Octo 28 
Oct. 26 
Octo 18 
Oct. 28 
Octo 18-28 
Octo 26 
Octo 26 
Oct. 26 
Oct. 26 

Oct. 18-28 

Oct. 12-28 

1 x 10-5 
2 10-3 
3 x lo-? 
3 x 10-4 
2 x loo2 
3 10-3 
s 10-3 
2 10-3 
2 x 10-3 

1 10-3 
4 10-3 
3 x 10-4 

1 x 10- 

3 x lo-! 

4 10-4 
2 10-3 
3 x 1o-f: 
6 x 10'. 
1 x 10-4 
2 x lo-' 
2 x 10-2 

Comparison of vdues for 
total beta activit 
showed that the P3% contribution averaged 96 per cent of the total beta 
activity. Similar 
analyses of five bone samples indicated that P3* was responsible for more than 
99 per cent of the total beta activity. 

Waterfowl 

samples of fish flesh which were both counted for 
and malyzed specifically for P3* by radiochemical analyses 

This is within the same range reported in 1956 (HW-36074). 

L 

c 

c 
c 

Heads of 236 waterfowl were obtained from local sportsmen and scanned for gamma 
emitters during the month. As of December 1, a total of 391 heads have been scanned 
since this program began in October. Of all heads, 161 (41 per cent) measured above 
background levels of radioactivity, indicating that they had fre uented the Columbia 

nearly all of the total radioactiviw and for over 90 per c t of tne beta radio- 

Comparisons of samples from 21 ducks showed the P 
1.1 (+ 0.7) times tiat in the flesh from the breast. 
conce&ations of total beta emitters in flesh of waterfowl taken from the Columbia 
River within the reservation were six to eight times greater than one year ago. Spec' 
values for their flesh were: 

River in the environs of HAPO. Radioisotopic analyses showed P3 2 responsible for 

act vity. For all heads, the average total beta was 6 x 10' Y pc/g. 
10' f pc/g. Fifteen per cent of the heads contain 99 total beta levels above 10- 

contained of the heads to be 

pc/g Wet  weigh;^,- 
Sample Type Collection Date Average 

Merganser Flesh 8 NOVO 1-3 . 4 10-3 6x10'3 

coots * I1 4 x 10- 0 x 10- 

River Ducks Flesh * ir ' 8 x 10-4 5 x 10-2 
Ijiving Ducks Flesh * 11 2 x 10-2 8 x 10-5 

JI Samples collected biannually. UNCLASSTFTF: r) 
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Swamp Contamination 

Concentrations of fission products in flesh of waterfowl were one-third to one-fifth 
those observed one year ago. 
was produced principally by Cs137. 

Gamma spectroqeter analyses showed this radioactivity 
Values follow: 

p/g; Wet Material 
Sample Type Collection Date Average Maximum 

River Ducks flesh* 
Coots flesh 

* Samples collected biannually. 

Fallout Contamination 

Fission products occurred in rabbits from Hanford Reservation in the following amounts: 

Sample Type 

Feces 

Bone 

Liver 

Muscle 

Total Beta 
pc/g Wet Material Collection Date 

NOV. 1-3 
n 

I? 

n 

1 x 10-5 

4 x 10-6 

6 x 

5 x 

Trend 
Factor 

-- 
e- 

-2 

-2 

Salmon Spaw"i"g 

Aerial surveys of spawning activity were completed. A total of 295' nests were 
observed during the fall. 
of major relative importance, as it was in 1959, suggesting a partial barrier 
effect produced by the Dam. 

The area nearest the Priest Rapids Dam (Midway) was again 

Effect of Reactor Effluent on Aquatic Organisms 

A test was started with chinook salmon eggs to determine the comparative toxiciw 
of %traightrt reactor effluent with that of effluent passed through a bed of 
aluminum turnings. 
1706-KE laboratory ad the eggs were obtained from the U. S. Fish ad Wildlife 
Service. 

No results are yet available. The test is being run at the 

C. columnaris 

As river temperatures have declined during; the last two months, likewise the recoven 
of columnaris from scrap fish and salmon has dropped off. 
so that relative virulence of strains obtained at different times can be compared when 

Sanplings were continued - 

test fish become available. 

Columnaris organisms were inoculated into sterile river mud and held at room temperature, 
refrigerated, and frozen controlled temperatures. Survival at room teniperature was 
greatest with essentially 100 per cent &vival after eight days and 6 per cent 
survival after 22 days. 
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BIOLOGY AND MEDICINE - 6000 PROGRAM 

METABOLISPI, TOXICITY, AND TRANSFEB OF RADIOACTIVE MATERIALS 

A study of the long-term uptake and retention of 2x1~~ in rams will be initiated 
as soon as the whole-bow monitor is ready. 
be to extend earlier observations ccmcernhg the rates of uptake and mover 
of zinc in the maJor tissues, axi to obtain direct mea 
dosimetrg in rams after the daily administration of Zner extended periods. Stable 
zinc concentrations in the rams’ tissues will also be determined, Data on the stable 
zinc content in sheep is not available arad will be needed for proper evaluation af 
the experimental results, 

bother study is being considered for determining the uptake of 
to mice or rats on varying levels of dietary zinc. 
to resolve apparent contradictorg results k? several reports in literature, 

Calcium 

Experkrrents with plants planted with DNP sggest that there are two mechanisms in 
calcium uptake; one, an active process operative at low calcium concentrations and 
independent of water uptake; two, a passive process operative at higher calcium 
concemtrations which appears to be associated with water uptake. 

Water uptake by plants is depressed as the concentration of DNP in the root environment 
is increased. 
results appear to be in ciirect contrast to the reports in the literature which show 
no effect of this principle on water uptake. 

Strontium 

The purpose of this investigatim will 

ents of the radiation 

fed daily 
Thepe data are needed in order 

The nature of this effect is being further investigated since these 

Pilot studies on the excretion of Sr8s by trout indicated that aproximately 6 per 
cent of the isotope injected I.V. appears in the urine within 22 hours, and 3 to 
k per cent appears in the intestine. By inference, excretion by the gills is in 
the range of 15 to 45 per cent. 

Eqeriments were completed in which the small intestine of the rat was perfused 
in situ with solutions labeled with Sr90 and Cab5 and varying in total calcium 
con=. The animals were sacrified immediately following erfusion the small 

which represent the average data from six animals at each point are shown below 
with standard devlation indicated. 

- 
intestine removed and the remaining carcass assayed for Cab F and Srsd. The results 

Ca conc. in perfusate 

Ca-free 

1.0 mM 

5.0 mM 

. 25.0 mM 

Per cent “dose in total carcass 

“0 ,R . 11 c a45 - - Srcl3 - 
4.3 - + 0.6 lk.9 2 2.3 0.29 + - 0.04 

3.2 2 0.6 7.3 - * 1.6 0.45 2 0.04 
4.8 + 0.4 0.~4 2 0.06 - 2.6 + 0.3 

1.4 ‘5 0.1 2.2 + 0.2 0.65 + 0.04 - - - 
UNCLASSIFIED 
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These results bear out previous indications that the major site of discrimination 
between strontium and calcium is in the intestinal tract ard that this discrimination 
varies with cjietary calcium level. 
conclusion could be drawn directly from the experimental data without the necessity 
for assumptions or calculations. 

Strontium, Plutonium, and Radium 

Between nine and twelve months have elapsed since the injection of miniature swine 
with Sr9O, Ra226, or Pu239 in doses comparable to those found to cause death in 
dogs approximately 1500 days after injection at the University of Utah. Groups of 

three miniature swine were injected with either Sr9O, Ra226 or A2239 at weas, 
six months- or one year of age for a total of 27 animals. 
month intervals of a fore limb and a hind limb of each animal and of the controls 
revealed minimal damage with a possible "washing out" of the medullary canal and 
changes in the spongiosa. Analysis of damage as detected by the radiograms will 
depend upon progressive skeletal changes as noted in future radiographic examinations. 

Radiograms of 70 of 116 miniature swine now being fed 1, 5, or 25 pc of Sr9O 
daily showed no evidence of damage. There will be a total of 126 animdls in 
this study, 60 on one pc/day, 24 on s.pc/day and 12 on 25 pc/day from dams previously 
fed the same levels, 12 of the original dams started at 9 months of age on 25pc/day, 
and 18 controls. Six of the original dams of the 5 pc level have been scheduled 
to be rebred in order to provide informtion relative to the Sr90 body burden in 
the first and second litters of females started on radiostrontium as young adults. 
Three of the first generation offspring on the 25 pc level have farrowed litters 
of 7, 7, and 9 pigs, all of the offspring appearing to be normal. Three miniature 
Swine have been started on daily feedings of 125 &day of Sr9O and bred in order 
CO produce earlier observable damage in the offspring. 

This is the first time, however, that such a 

Radiographs taken at three- 

Work will soon be completed on the conversion of an existing recording micro- 
densitometer for use in film dosimetry studies with tissues. 
may be used to scan film with an aperture equivalent to 50-200 microns in diameter 
and will be used initially to evaluate e. gross dosimetry in the skeletons of the 

Studies of the relative binding of Sgo ana CaL5 by proteins in blood from ewes 
fed levels of dietary calcium up to six times the normal dietary values have been 
completed. 
reached Sr9°-Y90 equilibrium for radioanalysis. 

The densitometer 

miniature swine fed daily amounts of S $ 

The results will be available as soon as the final samples have 

Cesium - 
Previous studies have shown that a drying period increases the plant content of 
Cs137. These measurements were made on plant parts and maximum rise was noted 
for stems. X possibility that some of this material was relocated to stems from 
other plant tissues was investigated by growing plants immeaiately in nutrient 
solutions containing Cs137 and subsequently transplanting to soil. 
plants in this manner did not show any plant uptake of Cs137 in stem tissues. 
thus seems that the effect of drying is truly one of increased total uptake of 
~~137 by the plants. 

Dqing of the 
It 



Radioactive Particles 

A study of the effects of particle size ad total deposited dose on the behavior 
of inhaled plutonium dioxide in 48 beagke dogs was completed. Results are: 

1. Greater pulmonary retention of plutonium was observed in dogs inhaling 
particles in the range of lp than in those inhaling particles having 
mean diameters of 0.4 or 0.2 p. Dogs inhaling the latter two sizes of 
particles excreted larger percentages in feces. 

2. Dogs inhaling 0.2~ particles excreted larger percentages of the total 
plutonium dose in urine by factors of up to 20 fold or more; e.g., 
1O-per cent in two weeks compared with 0.5 per cent by dogs inhaling 
larger particles. 

3. Dogs inhaling 0.2~ particles also showed greater percentages of plutonium 
translocated fmm sites of deposition in the respiratory tract and the 
gastrointestinal tmct to other tissues. 
preferentially deposited in skeleton over other tissues. 

4. For all particle sizes the pulmonary retention increased as the total 
dose was decreased. 

Translocated plutonium was not 

5. For 0.2~ particles only, the percentage of plutonium excreted in 
urine decreased as the dose Was'increased. Tnis is consistent 
with the observation that. the residence time of plutonium in lungs 
decreased as the dose was increased. 

These results have Fmportant implications in the establishment of permissible limits 
and the interpretation of bioassay data. 

Protective Agents 

Two dogs exposed to 250 r whole-body X-radiation, then treated with erioglaucine, 
died within two weeks after exposure. Of three dogs treated with erioglaucine 
prior to X-radiation, one died after three weeks and two have survived one month. 
Pre-treatment with erioglaucine did not significantly mod* the early raciiation 
syndrome . 
Studies still in progress indicate a remarkable effectiveness of cysteine in 
preventing acute irradiation effects from repeated exposure of ae abdominal 
region. Of 12 rats exposed to 1000 r to the abdomen at semi-weekly intervals, 
each irradiation preceded by injection of 1 g of cysteine per kg body weight, 
10 animals remain alive after a total accumulated dose of 17,000 r. 
control anknals were all dead after a total dose of 8,000 r, the median lethal 
dose being 4,000 r. 
levels of 250 or 500 r semi-weekly, the protective effect of cysteine is much 
less evident. The accumulated dose to death being increased by only about 50 
per cent with cysteine pre-treatment. 
animals is continuing with little gross evidence of damage. 

Unprotected 

In the case of repeated exposure of the whole body, at dose 

Exposure of the protected abaominal irradiated 

UNCLASSIFIED 
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C. Lectures 

a. Papers Presented at Meetings 

L. K. Bustad, llParadoxical Reqonses to Low Levels of Irradiation," 
November 12, 1960, Mortnwest Sectional Meeting of the Society for 
Brperimental Biology and Medicine, Por.tland, Oregon. 

R. 0. McClellan, 1%-65 Hetabolism in Sheep," November 12, l9&, Northwest 
Sectional IvIeeting of the Society for Experimental Biology ami Medicine, 
Portland, Oregon. 

J. R. McKenney, llInternal Dosimetry of z11-65,~~ November 12, 1960, Northwest 
Sectional Meeting of the Society for Experimerrtal Biology and Medicine, 
Portland, Oregon. 

R. C. Thompson, "The Effectiveness of DTPA in Removing Plutonium from the 
Pig," November 12, 1960, Northwest Sectional Meeting of the Society for 
lkperimental Biology and Medicine, Portland, Oregon. 

R. F. Foster, "Biological Considerations of Radioactive Wastes in Streams,11 
November 15, 1960, Eighth Symposium on h'ater Pollution Research in the 
Northwest, Portland, Oregon. 

R. F. Foster, "The Influence of Radiological Wastes on Water ruality,ll 
November 29, 1960, Conference on Water quality in the Columbia Basin, 
Pullman, Washifigtm. 

b. Off-Site Seminars 

L. K. Bustad, 

W. C. Hanson, llProject Chariot1', Richland Rod ad Gun Club, Nov. 7, 1960. 
V. G. Horstman, "Hanford Biology,f1 at Biology class, Columbia Sigh, Richland, 

"Hanford Biologyt1 at Men's Brotherhood meeting of First 
Christian Church, &nnysi.de, U/1/60. 

iiovember 30, 1960. 

c. seminars (Biology) 

Re 0. McClellan, Wetabolism of zinc-65 in Sheep", November 9, 19&. 

J. R. McKenney, "Internal Dosimetry of Zinc-65, I) November 9, 1960. 

d. Seminars (other than Biology) 

L. K. Bustad, Widiation Biology,tt IPD Seminar in 100-D Area, November 18, 1960. 

D. Rtblications 

a. HW Publications 

None 

http://nnysi.de
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Microbiological Studies 

Leakage of ions from irradiated yeast cells was found to be almost completely unaffected 
by temperature, 
a difhsion process and not metabolically controlled. 

This seems to furlker indicate that this leakage phenomenon is primarily 

Fish Embryos as Biological Dosimeters 

Testing of a life support system for salmon eggs was begun with confinement of the 
eggs to a closed chamber and measurement on men requirements. 

’ Chariot Studies 

Pre-processing for gama emitters in all animal samples from Project Chariot -site were 
completed. 

Plant Ecology 

Prelimhary investiggtions were conducted .to determine the feasibility of determining 
the role of terrestrial soil algae and associated microorganisms in retahing 
radioactive fallout in soil surface layers and the possible influence of x-irraaiation 
upon chlorophyll production in terrestrial algae. 

Manager 
BIOLOGY UBCRATO RY 

HA Kornbergres 

UNCLASSIFIED 
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION 
MONTHLY REFORT - NOVEMBER, 1960 

ORGANIZATION AND PERSONNEL 

There were no changes in organization or personnel during the month. 

OPERATIONS ANALYSIS STUDIES 

Quality Certification Program 

Analyses of the first sizable quadity of Quality Certification data are continuing. 
It has been found possible to express warp, WC, and dfameter change as functions 
of reactor variables, with the resulting equations providing very good fit's. 
IBM programming is now in progress to compare observed with predicted values for 
all the fuel elements thus far usasured. This will remove the effects of reactor 
variables and made it possible to make direct comparisdns of fuel element quality 
(i.e., tendeacy to distort dimensionally). A document is being prepared jointly 
with IPD personnel sumarizing these findings. 

_I 

Optimization of Reactor Operations 

A paper concerned with the determination of optimum suppledntal crew sizes was 
prepared for presentation at the AEC sponsored meeting on "Quantitative Analyses 
of Atomic Energy Operations'' held in Germantown, Maryland, on Deceniber 1 and 2, 
1960. 

Process Tube Leaks 

Further activity in connection with the prediction of internal tube corrosion 
awaits completion of the IEM progrsnrming to test the propoael model on complete 
data from B reactor. 

2 Plant Information Study 

Coding for the GE-312 computer is 40 per cent complete. 
subject to desk debugging plus IBM 7090 assembler varification. 
programming consultant from the GE Computer Department, is scheduled to spend the 
week of December 5 here at HAP0 to provide the necessary consultation to permit 
completion of the computer program.' 

This structure is still 
Mr. Hugh A. Torchia, 

SysCem requirements have imposed a delay on the receipt of the computer at WO; 
the present delivery data is January 30, 1961. 
for vendor personnel clearances, plant installation preparation and programming. 

This will alleviate the pressures 

Reliability Studies 

Work continued on the problem of designing a testinggrogram to determine relia- 
bility parameters Qf panellit gage switches. 

Inventory Studies 

Work continued on the construction of a mathematical model of a spare parts 
invent 
to mak 

some more general features added to the original model in order 
icable to general inventory situations also. 

i??iS2[ LJ 
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S!SmCAL AmD MA-CAL mS FOR OTHER HAP0 COMPONEZVTS 

Fuels Preparation Department 

Data were analysed from the second experiment designed to locate optimum conditions 
for the canning of four inch I and E enriched fuel elements. The first experiment, 
utilizing three factors and the cuboctahedron design, indicated which part of the 
response cuNe should be more thoroughly investigated. Subsequently, one factor 
was held constant while the other two varied within a mer region with a 32 
design replicated. 
optimum set of conditions was located and recommended. 

Results were very consistent between experiments, and an 

In urperimental work concerned with evaluating means of bonding jackets to cores 
other than with the alsi process, the use of fluid pressure bonding is being 
investigated. There are several variables involved, notably, the temperature 
and pressure of the autoclave, and the timc of autoclaving. 
are factors which may be varied prior to the pressure bcrnding. An experiment was. 
designed to evaluate the effects of these various factors-and arrive at a tentative 
recomaended set of conditions for larger scale production. 

Total count data (a measure of the Slsi bond integrity) are being analysed from 
the experimcnt designed primarily to determine the effects of core hydrogen on 
braze layer porosity. This experiment was designed after an initial experiment 
did not provide clear cut results, due largely to norcandomess of residual errors. 
Core hydrogen is controlled by adjusting furnace pressures at Fernald. 

In connection with evaluating the effects of variables associated with the nickel 
plating of fuel elements to inhibit corrosion, necessary sample sizes were computed 
to detect given differences between fuel elements with respect to incidence of 
cracking in the nickel plate. 

In addition, there 

Irradiation Processing De-p artment 

Further work was done in connection with prwiding nomographs for use in calculating 
panellit trip settings. 

Work is continuing on the uniform corrosion model. 
which sidesteps the main difficulty in fitting the model to the data. 

. 
A method has been developed 

A foFmula for the estimation of effluent temperatures in terms of known process 
parameters was written in a style amenable to slide-rule calculafAons, and a 
detailed procedure for efficient computation was supplied. 

Chemical Processiw Dep artment 

Discussions on the statistical aspects of experimental design are still being held 
. with personnel of the 234-5 Development Operation. 

The consumer has indicated acceptance of the proposal to demonstrate compliance 
to specifications on a part-by-part basis as recommended during October. 
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Mathematical assistance in the form of solutions to the neutron diffusion 
equation in several simple geometries were supplied as an aid in shielding 
calculations. 

Contract and Accountiw Op eration 

Appropriate time periods for the new safety award plan were computed. 

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO 

2000 ProRram 

Reactor Studies 

A regression analysis was initiated in connection with a study of decontamination 
of aqueous waste solutions. 
a mathematical model to define (effluent radioisotope concentration)/ (influent 
radioisotupe concentration) as a function of influent pH, phosphate concentration, 
temperature, flow rate, calcite surface area, and strontium-85 conoen%$ation. 

The purpose of the regression analysis is to derive 

Corrosion Studies 

Work continued on the analysis of Al-Ni-Fe alloy corrosion data from an experiment 
performed by Corrosion and Coatings Operation to determine the parabolic-linear 
corrosion relationships under different treatment conditions. 

An analysis was performed which expressed hydrogen pick-up in zirconium samples 
as a function of time. Comparisons were also made between different alloys and 
sample preparation methods. 

Chemical Development 

Closed form solutions were obtained to a mathematical model used to describe the 
time and spatial behavior of concentrations in a long filter column in which 
diffusion, transport, and absorption mechanisms were present. 

4000 ProRram 

Swelling Studies 

Analysis of data fromphotomicrographs of uranium samples is being made to 
determine the nature of the heterogeneity of pore distributions corresponding to 
different annealing times and temperatures. 

Assistance was given in setting up an experiment to determine activation energies 
resulting from the reaction of certain gases with graphite. 

Plutonium Recycle Program 

The problem of filling a container with spherical particles in such a manner SO 
as to obtain maximum density under certain restrictions on the number and 
magnitude of particle sizes is under investigation. 
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Assistance was provided in determining the number of fuel elements to leak test in 
groups such that the total n&er of tests required is minimized. 
from a group of fuel elements means that at least one of the fuel elements in the 
group is leaking. 
The nurdber &a test in each group is clearly dependent on the expected leak data. 

Helium detection 

Further testing on the elements within the group is then required. 

Chemical Effluent Technolow 

Mathematical assistance was provided in obtaining closed form solutions to a 
partial differential equation andboundaryvalue problem used ,to estimate the 
transmissibility and coefficient of storage from river level fluctuations. 

Significant progress has been made toward obtadnfng the solution by the method. 
of hodographs to the problem of determining the stream profiles of the gravity 
now wetem which consists of a point source located above an inclined water table. 

6000 ProRram 

Biology 

Work continued on the statistical analysis of data from an experiment to deter- 
mine the effects of varying smounts of radiation on the sex ratio and other popu- 
lation parameters of Ephestia kuebniella Zeller (Mediterranean flour moth). 

General. 

Instrumentation 

An unclassified document discussing a method of estimating the joint confidence 
estimates for a multiple &ampna-ray spectrum was,:isaued. The technique is based on 
a modified Chi-square approach with the joint confidence estlmates being determined 
by the marginal confidence intervals. 
for 8 two component gamms-ray spectrum are worked out and discussed in this document. 

Examples illustrating different conditions 

Carl A. Bennett, Manager 
Operations Research and Synthesis 
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PRoCWUMING OFERATION 
NWEMBER 1960 

i 

computer Code DeveLxnnent. 
was completed during November. 
uranium per gram of U-235 and, in addition, prlnts out the enrichment 
cost and feed cost portion of the total expense and the ratio of these 
quantities. A feature of the program is that the value of the tails may 
be non zero. To operate the code, three of the four cascade constants 
(i.e., price of natw ursnium, coat of separative duty, the tails 
composition, the value of the tails) muat be specified. The fourth will 
be calculated and the cost schedule generated. 

The "~rani;am cascade Cost" computer program 
The new code calculates the cost of 

The PUCK propun has been undergoing microscopic debugging and general 
updating. 
vhich do a particular job or solve an equation are written as a sub- 
program or sub-routine and used in conjunction with a main program, in 
this case GPR. 

This program is arranged in such a way that those sections 

The PUCK program computes the apparent worth of plutonium given a 
speciiic reactor and an economic environment. 
applied to plutonium are used to indicate value to users under the given 
economic conditions whereas per "price" is an arbitrarily assigned cost 
which is given datum used in the calculation to determine the apparent 
worth. 
reactor and then as a self-sustaining plutonitrm-fieled reactor. 
resultant reactor data are used in the economics sub-programs in which 
the economic environment is introduced. 
and ance-through, are calculated in the economics sub-routines. 
sub-routines then defenmine the minimum fuel cost and make a simultaneous 
solution of oncethrough and recycle cost curves to determine the 
plutonium value under the even conditions. 

"Value" and "worth" as 

The reactor is first treated as a single-pass uranium-fueled 
The 

Two sets of fuel costs, recycle 
PUCK 

GPR, a generalized plutonium recycle program, and in this case the main 
progratn of PUCK, is a genersllzed formulation of material and reactivity 
balance in plutonium recycle systems. The reactor data such as isotope 
concentrations, flux time, exposure, etc., that are calculated in GPR 
are relayed to the economics sub-routines which solve for the four 
components of the total iucl cost. 
reactor inventory charge, the in-reactor inventory charge, direct 
burnout charge and the fuel element fabricating and jacketing cost. 
These total costs are calculated for both once-through and recycle 
conditions. 

These components are the out-of- 



It has been establlshed that the total fuel costs are best considered 
at their minima. 
other crlteria leads to confusion because the position of the once- 
thraugh snd recycle cost mmes as a functton of enrichment varies 
when reactor operetian is chemged from once-through to recycle. 
Therefore, PUCX has sub-programe' that determine the m+nimrrm fuel 
cost. 
wlth as few as five enricbmult points. 

To consider cost at a glven enrichment or sane 

!Cb dnlmlzer sub-program can accmpllsh this quite accurately 

Uslng these minimized fuel costs, a sub-routine simultaneously solves 
the fuel cost as a function of the assigned plutonium price. The 
intersection of the recycle and once-through curves indicates the 
apparent worth of plutanlum under the given conditions. 

Since it rould be impossible for a reactor operator to always operate 
at opt- condltions, PUCK also solves for a cost consisting of a 
minimum fuel cost plua 10 percent of the mlnixuum fuel cost at an enrich- 
ment greater than that at mbimma cost. 
obtainad f8ur Instead of two ndnlmum costs (two recycle and two once- 
through) and four curves of fuel cost as a function of assigned 
plutanhn price. 
minimrrm and once-through mhlnnm costs as a functItm of assigned 
plutonium value, intersections are also obtained with the recycle 
udnlmum and once-through above minimum, with a recycle above minimum 
and the once-through minimma, and with the recycle above minimum and 
the once-through above minimum. With these four Intersections, the 
reactor operator is able to attain a lgpge of apparent plutoalum 
values and fuel costs when reactor operation is close to optimum. 

In doing this, there are 

Thus, in addltion to the intersection of the recycle 

Since current and future cannlng costs of plutonium-bearing fuels 
present the patestuncertainty of the econarmic variables, micK 
calculates the data necessary to plot the plutonium value as a function 
of the difference between C- costs. This difference is referred 
to as "delta" and la defined as be- equal to the cost of fabricating 
and jacketing a plutonium enriched element less the cost of jacketing 
a uranium enriched fuel element. 
function of delta will Indicate to the reactor operator at what 
difference in plutonium and uranium canning costs (delta) a change 
from recycle to once-through operation would be advantageous. 

The latest version of PUCK (PUCK 11) is being progranrmed to utlllze 
the versatility and speed of the IRM-7090. PUCK 11, though It does 
the calculation as explained above, will have further refinements. 

A plot of plutonium values as a 

. 
The GPR program Is being calibrated against the newer and more 
complete =GEE? burnup program. In addition, PUCK I1 will insure 
that at least three enrichment points wlll be used in calculating 
the coefficients of any curve and that the exposure at one cf thse 



enrichments will be greater than 7500 MWD/T. 
minimrpp points of a curve more accurately, the program searches 
for an enrichment at which the ucposure is less than 5000 MWD/T. 

Also, to investigate 

the saute method, it will be possible to specify a number of 
exposures at which the corresponding enrichments Will be inter- 
polated (or extrapolated) the curve fitting sub-program. Using 
theee interpolated enricbzuents the program will list the correspond- 
ing grsme of each plutonium isotope available at given urposurcs. 
Heat ratios will be interpolated by the same cum-fitting process. 
The program will also be able to list the grams of plutonium avail- 
able and the comesponding enrichmen%s for a given set of exposures. 

It is also planned for an additional sub-program to calculate the 
plutonium isotupic cancentration at various designated time 
intervals. This is essential because the cormposi~an of recycled 
plutonium is hlghly sensitive to exposure history. The plutonium 
composition at equilibrium can be determined easily and has been 
used in the past by GPR to evaluate plutonium recycle. 
unreal because in many pmer reactors of interest it could take a 
100 pars or mort to arrive at the equilibrium condition. 
of the productivity of plutonium compositions resulting after 10, 
20, 30 years of operation would be more meaningful. 
the length of time necessary to approach to within 95, 99 and 99.9% 
of the equilibrium camposition of Pu-239, Pu-240, Pu-241 and Pu-242 
would be useful. These compositions are extremely sensitive to the 
amount of plutonium lost or set aside between each cycle and the 
cycle length itself. In addition to the general desirability of 
working With accurate plutonium compositions, studies Kith the 
latest plutonium-2k cross sections indicate that for sake of 
accuracy it is essential to do so. 
routine to be known 88 "Rx" is be- prepared. 
establishing plutonium compositions short of equilibrium this sub- 
routine will easily maintain identification of the newest formed 
plutonium and the recycled material. Such identification of the 
plutonium wae provided in the initial PUCK program but the Pu-242 
cross sections used in the past did not indicate that this identifi- 
cation was worthwhile. - when the identification is worthwhile. 

This is 

A hasure 

Correspondingly 

As a consequence a PUCK sub- 
In addition to 

Rx will simply facilitate determination of 

Cycle Analysis. 
stainless steel jacketing was prepared for presentation at the 
ANS meeting in SaaTrancisco. 
interdependance of economically allowable parasitic material wlth 
reactor specific power, interest rates, jacket thickness, thermal 
to electrical efflciency, and reactor leakage. 
often compensative but in some data ranges arc not. 
reason, a statistical analysis with interdependance evaluation is 
needed. 

A selected suanuaq report of recent studiqs on 

The report emphasizes the strong 

The effects are 
For this 

The validity of the rapid survey methods used is demon- 

UNCLASSIFIED 



strated by showbg checks of 
colpgutatimm. 
of such scope would be economically prohibitive. 

versus fuel exposures from zero to about five thousand MWD/T was 
praparsd for statistical analysis. The data am from calculations 
on the IBM-709 using the Ifeleager Code, and represent the study of 
a wlde range of reactor types. It is hoped that ais of the data 
xill result in relatively simple correlations of plutonium isotopic 
compotsitions versus exposure 88 a ftmction of the variables used ipl; 
the Melesger Code. Vaadablee included in this study were concentra- 
tion of U-235 in u-238, thermal utilization factor, and the moderator- 
to-fie1 ratio. 

3$ with experiment and more rigorous 
Without the rapid analysis method an investigation 

A S& of thim-~ix tabulati- Of PlUtOnium isotwic compositias 

Hi& mJ0 sure Plutonium. 
kilograms of 31% Pu-240 Canadian plutonium wlll be provided for PRP 
we. 

Iniormation has been received that 1.8 

It is anticipated that ORBL win process kilogram quantities of 40$ 
Pu-240 msterid for special studies in the PCPR. 

2. 

A graded discharge version df the ''WXX'' economics code has been 
debugged, With a few format changes it will be ready for the BWR 
study and other work. 

The MELEAGER code has been put on the manitor system to save read-in 
time on the IEM-7090. 
run. 

The saving xill be about three minutes per 
Pr0g-j probably averages 30 nms a month. 

The "Russian S~erheat Reactor" was analyzed to determine its fuel 
costs and the plutonium value. 
economic adpis were applied to obtain fuel cost. 
be used later to determine the plutonium value. 
initial &, were used so that a minimum fuel cost can be found. 
The physics code automatically recycles the plutonium that is 
generated frcnn one batch to the next. 

A calculation to determine the value of "ideal" plutonium is about 
two-thirds complete. 
of "ideal" plutanitm can be based m the price of pure U-235 as 
determined by the uranium cascade and not the price of U-235 at 
enrichments equivalent to the plutonium enrichment under study. 

"MEIIEAcE3R", physics and "QUICK" 
"PUVE" will 

Three values of 

This study examines the fact that the value 

The problem arises from the fact that estimates of the reactor 
value of plutonium are tied to the basic resource, uranium as 
processed through the cascade. Cascade enrichment of natural 



uranium provides a uranium price schedule for U-235 compositions 
in U-238 from zero value cascade tails (approximately 0.3 wt. $ 
u-238), to top product of essentially pure U-235. The cost per 
gram of U-235 is greater as the enrichuent Increases, in keeping 
with isotope separation theory. As a consequence, it costs more 
to burn a grsm of U-235 star$ing froin 3$ U-235 than starting from 
2$ U-235. 
enriching u-238, and this is a major contribution to the value of 
plutonium as a thermal reactor fuel. 
advantage of the fact that current uranium price schedules define 
a composition of U-235 in u-238 that has zero value. To show the 
inherent ramffications of these differences many of the other 
characteristics that distinguish plutonium from U-235 must be 
ignored. Accordingly, one postulates a special "ideal plutonium' 
with all the properties of U-235 except that it is produced by 
neutron absorption in U-238 and can be chemically separated from 
u-238. !I%e value of this "plutonium'! will be determined as an 
alternative to U-235 enrichment of u-238 in them1 reactors. In 
this case U-235 will be valued in accordance with price schedules 

An equation for the value of 'ideal"p1utonium is derived by assuming 
that the burnout costs in a reactor caaasining uranlum only are the 
same as for the identical reactor containing aimWnureii2@ uranium 
and'pdSas"p1utonium if the fissile enrichments are the same. 
equation xill be a function of the total enrichment, the uranium 
portion of the U-Pu enrichment, the burnup fraction and the uranium 
cost (i.e., cascade cost). 

The following table lists the results of this relationship for a 
one percent afference of final enrichment from initial enrichment 
for Varioue initial enrichments and the corresponding U-235 price 
is $/gram from the present AEC price schedules. 

Plutonium burning does not have this characteristic when 

In addition, plutonium takes 

far U-235 in u-238. 

This 

r 

VALUE OF IEWJZED "PIUTONIW" 

Initial Enrichment Pri.ce $/gm u-235 
Wt. $ U-235 or Bs Present 

"Plutonium" Rice Schedules 

10 

5 
4 

-3 
2 

"Plutonium" 
Value* 

From muation 

$ 16.70 
16.24 
16.06 
15 50 

. 14.42 

*Plutonium is enriching pure u-238, not tails. 



Notice that the "value" of 'tplutonium" is aubstanlAaUy greater 
than the value of U-235 in the initial mixes which is the value 
of U-235 or "plutanium" simply mixed with U-238 to this isotopic 
ratio and equated to the correspopzding price irom the currcllt 

price schedule. This characteristic of plutonium to "make back" 
the separative work oosts and the fact that the Mce schedules 
&id a zero due composition enters in all plutonium value 
caculatima wherein the value of plutcmlum is based tm a uranium 
price schedule from the present cascade. 
ted glutonlum due analyses using electronic cinuputera are arranged 

. to automatically optimize on the equivalent uranium-235 feed 
coanpoeition. 

HIL)'s and other sophistica- 

It is spparent that him plutonium values are achieved if one 

since the U-235 in tails is ires. What is not as obvious is thst 
mixing this special llplutonium" with sny cascade product above tails 
yllXseld higher plutonium values than the above table shows. 
further, if the ndxhare is with U-235 campositions equal to or above 
zero vslue tails, the "plutonium" value is nearly, but not quite, 
the value of fW.ly enriched U-235. 

If the'~deafl'p1utonium is mixed with tails the plutonium value 
equation becomes particularly simp4 because in the present cost 
schedule, the value of tails and the derivative of the cost schedule 
at the tails compositinn are zero. For this situation the value 
of plutonium is verg nearly a constant and Is about equal to the 

-8 this "special" PlUttmim vlth zero valued csscade tails 

. 

And 

MW of U-235 in 98$ enriched e-. 
, 

Bo 0 

The work of the Plant Improvement Program Task Force was completed wlth 
the development of rcvised procedures for determining and supporting 
HAP0 capital facility requircmcnts. 

Preliminary scoping of the Fuels Recycle Pilot Plant was concerned 
with coordination of chemical reprocessing and fuel element fabrication 
Fcquimments involving highly radioactive recycled plutonium and 
uranium. 

Assistance was provided in afianging 30 visits to HID by 180 persons, 
'inclu representatives from 7 foreign countries. 
was a team of Euretom Research and Development board members, here to 
review progress in the Plutonium Recycle Program. 
coordinated HID'S activities in achieving public reccgnltfon of PRTR 

Of special interest 

Prograorming also 

fnitlal criticality. 
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RADIATIorJ PRo!rEcTIQlq 0€5ztATIrn 
REPORT FOR TRE mm OF nweilaER-1960 

Effective November 1, 1960, R. C. Henle was prmoted to the exempt roll and 
transferred fran the Radiological Evaluation Working Group to Radiation Monitor- 
ing as Spe-cialist - Radiological Defense. The force of the Radiation Protection 
Operation remained at a total of 135. 

B. 0 

The Plutonium Recycle Test Reactor attained its f'bst initial criticality the 
morning of November 21. Further critical testa continued Over several days 
with rising power dveb up to IO00 Watt80 

completed, however, the initial testing is possible because the amount of heat 
generated does not requlre cooling. 
CSon with an incaolplete plant include rmuc.lmum power level trip at 1 kw with 
intended operation only up to 100 or 500 watts, aqueous effluent and ventilation 
exhaust instrumentation operating to give autoppatic annunciator alarm, and critical 
operation with the contail3ment vessel closed with entry via the airlock. Radia- 
tion monitoring studies conducted simultaneously with the critical testing revealed 
no unexpected conditions. At 500 watts power, with the top shield of the reactor 
remaved,-the maximum dosage rate Was 80 mrems/haur at the edge of the upper access 
opening. All of the leakage appeared to be fast neutrons, caning through the top 
and battom primary shields which are not yet water filled. Film studies of the 
top face showed no significant lealrrrge. 
area remained at 15 pc/hour throughout the critical testing. 

Thc primary CirCUhtiOn system is not 

Other interim measures to permit safe opera- 

The radiation background in the work 

The tritium concentration of the PRTR heavy water approximates 15 pc/ml average, 
a low enough content to reqyire only nominal protection for the workers. 
cases of skin and breathing exposure to heavy water or its vapors have produced 
bioassay results sharing one and two microcuries tritium per liter, which will 
yield only a few mrem of body dose in a four-week period. 

Two 

Two cases of plutonium deposition were confirmed in November. 
of deposition cases that have occurred at BAPO is 262 of which 192 are currently 
employed. Four radiation incidents occurred involving potential plutonium depo- 
sition. 
234-5 Building. Skin decontamination was canplicated because of minor injuries. 
Whole Body Counter examination indicated less than lo00 d/m in the injury sites. 
Initial bioassay sampling indicated body deposition of less than 10 per cent of 
the maximum permissible body burden (mpbb). Three CPD employees in separate 
incidents were contaminated with plutonium. One employee received head and 
hand contamination as a result of plutonium nitrate drippfng on his head. A 
small acid burn and decontamination required removing the hair from his head. 
Initial bioassay sampling results indicated positive, but minor, body deposition. 
Another employee received a plutonium contaminated minor injury as a result of 
a screw driver puncturing the hood gloves. Examination in the Whole Body Counter 
indicated the injury site to be essentially free of contamination. The third 
employee received hair and head contamination with plutonium oxide during the 
Changing of a ruptured glove without respiratory protection. 
showed frm 5,000 to 10,000 d/m. 
before meaningful estimates of the body deposited plutonium can be made. 

The total number 

A Jo A. Jones employee received high-level hand contamination in the 

Nasal smears 
A series of bioassay samples will be necessary 

UNCLASSIFIED 
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An employee of the St. Regis Pulp and Paper Capany, Tacoma, Washington, was 
examlad in the Whole Body Counter at the request of AM:-HOO. Results of the 
uesmination were within the "normel" range detected in the 950 people counted 
to date during 1960. 

The rout- ecmiroxnnmtsl monitoring vegetation sampling progrsm was. revised in 
accordaace with psst arperiance with the usefulz~se of the data. In essence, 
-the sampling zones irmasdiately rnu~oundirrg the separations center remain on a 
weekly iirquency while other on-project zones were glad on a fortnightly 
schedule. The off-proj ct zones were placed on a semiannual basis and 

nucudcs. The 8cmteumual irsqiutncy callirrg for atsup- in February and August 
is aimed at followizq trends mer several yeere rather than mer shorter time 
periods. The miam will also assirrt in adjustmeat; of man power usage for 
other environmcatal progrsms being developed. 

include Emalysea for sJ9, s3% PS, in addition to current &smms scan radio- 

Regreeexrtatlves of Radiation Protectiopr Operation participated in Civil Effects 
mJect a.3 conducted at the Hevada Test Site. Civil Effects Project 60.3 
provided point and b& source configurations far purposes of testing equipment 
for air-hrne radiaaetric survey. &-borne radicllnctric measurements were taken 
with HAH> equipmaat aboard the local AEC aircraft to facilitate making improve- 
ments in our monitoring system. The data have not been reduced to the point of 
rCg&&%uty. 

The redesigned jig far the calibration or bad,ge rib was installed and placed in 
operation. 
badge fflm frm 30 to 10,OOO mr simultkneausly. 
film and R meters to assure that the film holdera are at the correct positions 
for the re- exposures. 
R meters are received iran the Bureau of Stanbrds. 

The new jig makes it gm~ible to expose a complete set of calibratian 
Numerous checks were made with 

mher checks were scheduled when newly calibrated 

Functional performrice testing of the aut-tic film densitometer system con- 
tinued. 
matrix proved uasetisfactory and a new design utilizing solar cells was assembled. 
The badge processing m8chine received "tune-up" service after approximately two 
years of operetion. 
next Word badge were studied. 

The photo diodes originally programed to interpret the film number 

Modifications to adapt this machine to processing of the 

Prototype stainless steel containers to provide iire and corrosion proofing 
for the Eurst criticality dosimeter system are being fabricated. 
assure that this system cam be assembled without heating the threshold foils 
above about 100' F. are in progress. 

Test to 

Study of various neutron monitoring systems utilizing Isdim, gold, and cadmium 
foils has sham praise as a replacement for the Hurst criticality dosimeter. 
system. The systems under study offer the advantages of simplified interpre- 
tation repuiriq rather ecanaical and readily mailable equipnent and do not 
present contamination problems in the event or fire or corrosion we. 
Increased time to recmr the foils ami c-lete the interpretation is also 
obtained due to the relatively longer half life of the foils, 
studies of these systems are continuing as positive ion accelerator time is 
made available, 

Performance 
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Experimental studies indicate that a io mil plastic filter, a beta equivalent 
filter composed of 10 mils of 25 aluminum and 45 mils of plastic and the open 
window area will permit the discrimination between beta and low energy gama 
exposures in a film dosimeter. The filters are also essentially gamma-response- 
equivalent frm 60 Kev to 2 Mev. Final evaluation of the dosimetry system is 
in progress with protatype persosncldosimeters receiving actual plutonium 
exposures at the 234-5 Building. Following these exposures a uranium beta 
exposure will be add& by the Calibrations Operation before final exposure 
evaluations are attempted. 

Fluorcda, ghas rod dosimeters, have been received from Oak Ridge lVatlond. 
Xaboratory for inter-comparison. The RAK) dosimeter and calibration indicated 
13 rods had received a dose of 58 r 2 2 r and 1st had received a dose of less 
than 5 r + 3 r. 
at 55 r a& the rest were blanks. HAP0 ha6 sent 25 CO~ irradiated fluorods 
Bad five blanks to Oak Ridge for dose evaluation. Fluorod exchange with Loo 
Alamos is also planned. 

The actual doses given to the rods at Oak Rldge were 13 rods 

Sane initial studies of silicon diodes end a silicon surface bmier diode have 
been completed. 
were observed before ad after irradiation doses of approximately 10 and 80 rems 
of fast neutrons frm a PuF4 source. After a 10 rem dose, the forward current 
dropped by about 60 per cent for the surface barrier diode and about 20 per 
cent for a Hughes silicon p-n junction diode. After a total of 80 rems, the 
forward current droppd an additionel five per cent for the Surface barrier 
diode and 16 per cent for the Rsghes diode. 

Forward current measurements at constant voltage and temperature 

The Reactor Engineering Development Operation was given information concerning 
possible noble gas monitors for the gaseauo effluent released from the PRTR 
facility. 
CE&U Design Development. Consultations continued on the design of the Fuel 

IVPR stack monitoring equipment design was also discussed with the 

Recycle Pilot Plant. 

. L. G. Faust and E. C. Watson attended the Working Committee on High Exposure 
Plutonium Kiurcling meeting at Rocky Flat6 on November 15 and 16. The latest 
information on this subject was resented at the meeting. 
the c-ttee is being-prepared P at Roclry Flats) for documentation and sub- 
mission to the AEC. The cumnittee will remain active but on a lesa formal basis. 

The fiosl report of 

The performance testing of the portable 256-ch~nne1 analyzer is now nearly com- 
plete, 
RU?R Fuel element and observation6 of the Calibration IC fluorescent X-ray 
source spectra. 
typical spectra in the 234-5 Building to confirm low energy personnel dosimeter 
calibration procedure8. 

The program for the month of December calls for spectra etudies of a 

The K fluorescent X-ray spectra will then be compared with 

On November 17, R. L. Jurkins returned to Vienna, Austria, as the U. S. Repre- 
sentative to the International Atmic Energy Agency sponsored Panel discussion 
on the topic of "Radioactive Waste Disposal Into Fresh Waters". 

UNCLASSIFIED 
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Three -stions were submitted by personnel of the Radiation Protection 
Operation during the month brlnghg the year-to-dete total to 35. There wt~e 

no suggcstiane evaluated and rejected. One suggestion was adopted with an 
award of $10. Eight augeestions submitted by RFO personnel are pending evalua- 
tion. 

There were iive medical treataetxt fnsurbo during the month for a frequency of 
2.41, One security violation occurred during November bringing the year-to-date 

- 

tom rm BPO to two. 

Rodlation protection training included: One %-minute orientation talk to 
Plutmium Metaw perscmrrrel; PR!l!R-assigned gersonnel attended a training 
came on the upc of the BF double moderatar as applied to critical and power 
tests; a discuosian to c &ion ptrsanncl on the ainistrstion of film 
badges at the mrpR site; am3 OIIC sessicxa on the Operation of the scintillatian 
monitors for 614 Bu+ldings. 

HW-67191 "Effect of pTutani.-241 on the Mpc and MPBB far Expected Isotopic 
Mixtures of Plutonium" by L, C. Rase, 

EW-67426 ''Significance of the Plutonium-241 Buildup in PEiPz &el in Respect to 

Hw-67439. "Analyeis of Radiological Data for the Month of October, 1960" by 

Air-bm PIUtonium Cmmtlan" by J. Re Bovlogdon. 

. Re L. Junkine. 

HW-67642 "Monthly Report - Buvember 1960, Radiation Monitoring Operation" by 
A. J, Stevens. 

undoc. "Trip Report - Review of the First Year's Experience with the Hurst 
Dosimeter Systenin by C. M. Unruh, 

W. V. Bsmner and J. IC, Soldat presented talks entitled "The Safe and Roper 
Hand- of Radionuclides nut Requw a Specific A.E.C. License" to the Oregan ' 

State Science Teachers Association at Ehgene, Oregon, and XaGrande, Oregon, 
respectively. 

R. L. JuIlkins presented a talk before the Eighth Symposium on Water Pollution 
Research in the Northwest which WBS held in Portland, Oregon, on Nwember 15. 
The subject of the talk was "Methods of Waste Disposal". 



EIWIRO@!EIVUL MONITORING - EIESrmps - (Mid-October 1960 - Mid-November 1960) 

Activity Monthly 
Sample Type and Location Average units - 
Drinkimz Water 

loo-F Area 
Separations Areas 
msco 
Kennewlck 
RiChlaZld 

Isotopic 0.8 e --GI* 
Gross Beta 1.3 10-7 PC/CC 
Isotopic 6 .o e --GI- 
Gross Beta c 3.0 x 10-8 crc/cc 

Isotopic < 1.0 $ MPC,-GI* 

Columbia River Water 

AbOVe 100-B Area Gross Beta 3.0 x 10-9~ ,+c 
100-F Area Isotopic 2.3 e =-GI* 
Word Isotopic 2.5 e =+GI* 
pasco Isotopic 18 e MPCW-GI- 
McNary Dam Gross Beta 1.3 x W/CC 
Vancouver, Washington __ Isotopic c 0.6 e MPCw-GIM 

113~ separations Areas 1131 
1~3 Separations stacks 1131 
Active Pwticles - Project -- 
Active particles - Environs 0- 

1.3 x 10-13 crc/cc 
0 .8 Combined curies/day 
1.6 ptle/loo m3 
0 01 ptle/lW m3 

Vegetation (Control limit for vegetation is 10-5 pc 1~3~1~) 

Separations Areas 1131 2.0 x lo-6 PC/g 
Residential 113 < 1.5 x loo6 pc/g 

Fis@n Products less Gamma 

Eastern Washington and 

< 1.5 x w/g 
Oregon ,131 

I - Wash. and Ore. Emitters < 1.0 10-5 

* The e MFC is the percent of the maximum permissible limit for occupational 
exposure to the gastrointestinal tract calculated from drinking water limits 
contained in NBS Handbook 69. 

* The %-GI is the percent of the maximum permissible concentrations for 
persons in the neighborhood of controlled areas for continuous exposure to 
the gastrointestinal tract calculated from drinking water limits contained 
in Handbook 69. 

* This location is now sampled quarterly. The most recent result is tabled. 
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Fxmaure Inc 

BovtmbCr 
1960 to Date 

Gemms Pencils 

November 51538 4 
1960 to Date 151,422 

Beta-Gemme Film Badge S 

Whole Body Localized 

0 0 

1 3 

Pencils FwredReadbgs PairedReadings Lost 
Processed 100-280 mr Over 280 mr Readings 

3 0 

2,330 47 I2 

-8:; Readings hndiwa Readings Lost Average Dose 
Procssscd 100-300 mrrrds 300-500 mads Over 500 mrads 

77 81 Bovexnber 22,134 1 , 938 204 
1960 to 

1,858 491 658 11.31 17.91 

Bautron FilmaBsdRo s 
Fl& &d*S Readings bedings Lost 

1,155 0 0 0 0 
14,921 3 0 0 64 

189 20 1 0 0 

Proceased $O-lOOmrem 1OO-300mrcm Over 300mrem Readings 
Slaw Ileutron 
Bmmber 
196b to Date 

Fast Beutrm 
November 

183 69 0 29 1960 to Ikte 2,020 

Whole Body Counter 

Employees 
Routine 
Special 
Terminal 

hnemployees 

Pre-employment 

Tats1 

Male Female November 1960 to Date -- 
69 6 75 821 
6 0 6 59 
0 0 0 1 

1 0 1 s6 

Bioassay 

Confirmed Plutonium Deposition Cases 

Plutonium: Samples Assayed 
Results above 2.2 x lo4 clc/sample 

2 

823 7,303 
44 443 

Fission Products: Samples Assayed 891 7,287 
0 34 

Uranium: Samples Assayed 285 2 971 

Results above 3.1 x pc Fp/sample 

*Bringing the total number of plutonium deposition cases which have occurred at 

UICIASSIFIED 
Banford to 2Q. 

-I ,.- 
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Uranium Analyses 
Following Exposure 

Units of 10-9 pc U/cc 
Following Period of No Exposure 

Units of 10-9 pc U/CC 

Number Number 

Sample Description Maximum Average Samples Maximum Average Samples 

Fuels Preparation 338 13 67 
Azels Preparation* 0 0 0 
Word faboratories 27 6.9 33 
Hanford fabora$ories* 0 0 0 

20 4.8 35 
47 16 7 
35 27 3 

Randm 0.9 0.7 4 

Chemical Processing - 

Chemical Processin@ 
Special Incidents - 

41 3.9 66 
0 0 0 
8.6 2.9 29 
0 0 0 

8- 5 4.4 6 
0 0 0 
0 0 0 

27 4.4 35 

*Samples taken prior to and after a specific job during work week. 

Thyroid Checks 
Checks Taken 
Checks above Detection Limit 

Hand Checks 
Checks Taken - Alpha 

- Beta-gannna 

Skin Contamination 
Plutonium 
Fission Products 
Uranium 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Total 

Personnel Meters 
Badge Film 
Pencils 
Other 

Total 

Miscellaneous Special Services 

Total Number of Calibrations 

November 1960 to Date 
179 

0 5 
0 

24 255 
32 4 18 
0 39 

Number of Units Calibrated 
November 1960 to Date 

d 

Ss4 13 , 534 - 1,912 

245 
1,229 

1,019 6,769 

- 4,686 50,489 

Radiation Protection 

IJMZASSIFIED 



IJNCLASSIFED H-1 HW-67532 1 

\ 

LABORATORY AUXILIARIES OPERATION 
MONTHLY HEPORF - NOVEMBER, 1960 

GENEXAL 

There were no security violations charged to the Operation. 

There were no major injuries; the minor injury freqyency rate was 1.56, 
which is considerably below average experience. 

TECHNICAL SHOPS OPERATION 

Total productive time for the period was 19,152 hours. 
hours performed in the Technical Shops, 3,700 hours assigued to Minor Con- 
struction, 435 hours assigned to other project shops and 1,504 hours assigned 
%o off-site vendors. Total shop backlog is 18,533 hours, of which 66 is re- 
quired in the current mnth with the remainder distributed over a three-month 
period. 
total available hours. 

This includes 13,513 

' 

Overtime hours worked durin-g the month was 5.6$ (941 hours) of the 

Distribution of time was as follows: 
Man-hours $ of Total 

Fuels -Preparation Department 5,454 28.5% 
Irradiation Processing Department 674 3*5$ 
Chemical Processing Department 837 4.4% 

Construction Engineering & Utilities 18 *l$ 
Miscellaneous 137 7$ 

Hanford Lab0 rato rie s Ope rat ion 12,032 62.8% 

Requests for emergency service decreased, slightly, requiring an overtime rate 
of 5.6$ versus 5.s the previous mnth. 
fmm the PKPR, Hanford Laboratories and from the Finished Products Operation, 
Chemical Processing Department. 

The majority of requests emanated 

Appropriation Requests for shop equipment totaling $65,900 were returned 
approved. 
warded to the Purchasing Operation. 

Purchase requisitions for all items have been prepared and for- 

RADIOGRAPHIC 5TlXG OION 

A total of 3,691 tests were made of which 836 were radiographic (including 
x-ray and gamma-ray) and 2,855 were supplementary tests. 
of 2,891 man-hours, 62'7 (2l.7%) were used in connection with radiographic 
tests, and 2,264 (78.3$) were used on supplement- tests. 
test work included: borescoping; eddy current; magnetic particle; penetrant 
(fluorescent O.D. and I.D.); stress analysis; surface treatment (pickling, 
steam detergent cleaning, and vapor degreasing); and ultrasonic (flaw 
de5ection ad thickness measurements). 

Out of a total 

The supplementary 
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The number of pieces handled this month totaled 2,817 items. The feet of 
material represented by these items mounted to 31,624 feet. Work on 
tubular componente conO%nned--to account for a large percentage of the 
footage of material tested; the work includes both fuel element sheath tubes 
and reactor process tubes. 

Work was done for 19 organizational components representing met of the 
operating departments and sellpice organizations. 
issued detailhg test flndinge with conclusions and recommrnded action. 
Radiographic Testing Operation was consulted on 47 different occasions for 
advise and information on general testing and spplicathns for other than 
the jobs tabulated in Part - 11 Testing Statistics. 

Additional IPR process tubes have been received including 3l on the pro- 
duction order. 
of the full size NPR process tubes. 

Forced rinsing through locking seals on the end of the tubes are used to 
assuh positive rinsing. 
being conditioned for excessive penetrant indications. 
excellently to estabUsh procedures and for training opportunities for 
Kaiser Engineers craftsmen. 

A total of 36 reports were 

Considerable eqerience has been gained in the pickling 
Twelve tubes have been processed. 

8 

Tubes pickled to date include rejects and those 
The work has served 

Autoclaving hae not proceeded as successfully. 
claved, a conibFnation of bad draining and I.elatively high bbw down tqnpera- 
ture had left a stain on the inside surface of the tube. 15 may be possible 
throtzgh use of a lower temperature to make the stain removable by wiping. 

On the second tube auto- 

. Testing of the tubes on the development order is proceeding rbutinely. 
black Ugbt borescope stand for fluorescent penetrant testing has been in- 
s+&ed and is in operation. 

The 

A new stress analysis program has been started for the lO5-m reactor. 
in simjlar work done for some of the other reactors, main concern is with the 
risers and cross&aders on the rear face. 

Zircaloy sheath tube testing continues at a high, sustained effort. 
test requlrements, utilizing white light borescoping for inside surface impre- 
fec3ions have greatly increasedthe testing time and makes schedules difficult 
to meee. 
solidated sheath tube testing area in the 34 Building is proceeding. 
the equipment connected with the 306 laboratory has been activated and is 
operational. 

As 

Additional 

The eqpipment ac-ition and facilities modification for the cm- 
All of 

A very profitable on-site training course on Masetic Particle Testing was 
ccnducted by the Magnaflux Corporation. 
Ldboratory, thirteen employees particigated (one from Fuels Fabrication, 
WF RB9). 
be a effec+,ive way of achieving high qyality Instruction for 3 large number 
of personnel. 

Utilizing the new 306 Testing 

Contracting for the presentation of such courses has proved to 
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Part I1 - Testing Statistics 

Component No. of Tests 

CPD u3 

FPD 49 

EUA 3-j 172 

IPD 269 

JA Jones 88 

mtal 3, 691 

Ft. of Weld or Material No. of Pieces 

132 10 

22 26 

29,965 2,692 

1,418 80 

87 9 

3, 624 2,817 

- 

CONSTRUCTION OPERATION 

There were 49 existing J. A. Jones Company orders at the beginning of the 
month with a total unexpended balance of $189,885. 
7 supplements and adjustments for underruns amounted to $85,518. 
during the mnth on HIX) work were $U5,307. 
end was $160,096. 

Ninety-four new orders, 

Total J. A. Jones backlog at mnth's 
Expenditures 

summary 

HI4 CE&U 
Unexpended Unexpended 

No. Balance - No. Balance - 
Orders outstanding beginning of m. 48 $ 184,030 1 $ 5,855 
Issued during the mo. (Inc.Sup.& Ab.) 94 85,518 0 0 
J.A. Jones Expenditures during mo. 114,267 1,040 

Balance at mnth's end 7s 155,281 1 4,815 
Orders closed during month 67 U6,26 5* 0 w 

(Inc. C.O. costs) 

* Face Value of Orders Closed 

FACILITm ENGZNEERING OPERATION 

Projects 

There were 13 authorized projects at mnth's end with total authorized f'unds of 
$2,814,000. 
balance between expenditures to date and total estimated cost is $3,350,000. 

The total estimated cost of these projects is $4,739,000. The 



The following 

Number of 

number of 

H-4 

sunannrizes the status of BIX) project activity: 

authorized projects at month's end 

new projects authorized dwrirrg the month 

Emjects completed during the month 

New project proposals submitted to AEC during mnth: 
CGH-93.6 Fuels &cycle Pilot Plant 
CAE-917 Atmspheric Physics - Field Servlce Center 

New projects awaiting Aw: approval: 
CGH-832 FuU Scale Physical Constants Test Reactor 
CGH-902 Uranium Scrq Burning Facility 
CAa-914 Rattlesnake Springe Radioecology Facility 
COH-93.6 mls Recycle Pilot plant 
CAE-917 Atmospheric Physics - Field Senrlce Center 

Hw -67 5 32 

13 

0 

0 

2 

5 

~te - ~mpos~ compl~te or nearing completion are as follows: 

Second Whole Body Counter Cell Addition - 747 Building 
34 Building Ventilation system 
Uranium OAde Develapmcnt Laboratory 

Also, Project CGH-874, Consolidation of Plutonium MetaUUrgy Facility, 
has been revised and is awaiting final HU approval. 

The attached project report contains details of: individual projec3 work. 

EnRincering Services 

Engineering work performed during the month included the following listed 
major items as well 3s scope engineering for project pmposals 
of work have been deferred because of shortage of capital funds. 

Some items 

Pre8SW Vessel and Piping Systems - 
Engineerins & Inspec$lon Service 

This is a continuing work program on 
HM vessels, pressure systems and 
related safety devices. Engineer?!% 
work not only consists of periodic 
inspection and engineering evalua3,ions 
of plant pressure systems but also 
includes services to R&D cowonents 
having process devices subjected to 
high pressures and temperatures. 
Code comrpliance work is being performed 
1) PK~~R Systems; 2) Irradiation S%udies 
Loop; ad, 3) Breakaway Corrosion 
bop. 
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Title 

Glove Boxes, 325 Building 

- 

"Split-half" Machine for Critical 
Mass Studies 

Improvement to Animal Waste Disposal 
system 

Horizontal Contml Rod and Drive 
for Tamper Tank (Critical Mass) 

Basement Access Enclosure - 325 BlQ. 

Special Lab0 rat0 ry Air Conditioning 
2224 Building 

Status 

Work completed. 

Design of machine and safety rods 
nearing completion. 

Work on conveyor completed. The 
sludge pump was received in damaged 
condition and returned to Vendor. 

Design work is ' substantidly complete. 
Materials are being ordered. 

Construction work is proceeding. 

Work stopped pending availability 
of mds. 

Misc. Animal Quarters & Pasture 100-F Pasture completed. Work on exercise 
pens deferred. Additional dog pens 
and alteration to existing pens is 

complete. 

Canopy Desim - 100-F Work complete. 

Design special beryllium dust Design complete. Fabrication and 
filters - 306 Building installation work has been initiated. 

Intercom System - 231-2 Building Work stopped pending customer decision 
of need. 

Waste Treatment Demnstration 
Facili%y - 271-CR 

Conceptual work in progress. 

Material Handling System - 308 
Building, 2nd Floor 

Work started. 

Fall-Out Shelter Study Study complete. 

FJel Element Assembly Room - Basement Plans have been developed and con- 
Mezzanine, 325 Building struction work has started. 

Electrical Modifications - 3702 Material on order. 
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Drafting and Design Services 

Work load in central drafting mom (3706) is very heavy. Branch offices 
in 306 and 308 Building have steady work-loads Kith heavy backlog in 308 
office. 

Major design and drafiing mrk in progress includes the following: 

1. 
2. 

3- 

4. 

5. 
6. 

7. 
0. 
9. 

10. 
ll. 
12. 

13 
14. 
15 

High Level Utility Cell - 327 Bldg. - Special Tools (60$ complete) 
Pm Critical FacUty - Detail of in-cell piping, ventilation, in- 
stnmtentation and electrical work (l8 dwg6. - 90$ complete) * 
Physical and Mechanical Properties Test Cell - 327 Bldg. - Special' 
equipnt design (35 awg~. - 7O$ complete). 
Structural Materials Irradiation Test Facility - -sip - (25 dwgs. ' 

Stmntium Purification Pm ject - Work approx. 90$ complete. 
Fuel Element Wire Wrapping Machine (12 dwgs. required - essentially 
complete) . 
SpUt-half mechanism, Critical Mass Laboratory. 
Thermal precipitator - (5 dwgs. required, hO$ complete). 
Breakaway Cornsion Loop - Appmximately 40$ complete), 
Critical Facility - appmximately 20 dwgs. rewred - estimated 35$ complete. 
Stre68 RtqtUre Facillty - Esthpted 95$ complete. 
Fuels Recycle Pilot Plant - conceptual work in progress. 
Length Measurement Telescope - Approximately 15% complete. 
Test Loop for 305 Bldg. Reactor - Preliminary work started. 
Ultrasonic Transducer - Bridge & Track - Preliminary work started. 

required - k$ ~o~nplete). 

fn addition to the above mrk, miscellaneous small design-drafting jobs are 
in pS-83. 

Approximately 140 drawings including sketches, work sheets, and formal drawings 
were completed during the mnth of Mowmber. 

Plant Maintenance and Operation 

October costs were $132,020. 
Maintenance, janitor senrlce and power operators are ruuning slightly less 
than forecast; while utilities are running slightly above. 

Expenditures are within 0.2$ of predicted. 

Miscellaneous 

&proxim3lX?ly 27,700 sqpare feet of prints were repmduced during +,he mnth. 

The +&tal estimsted value of the 33 requisitions issued during the mnth was 
$48,000. The majority of this procurement activity is for approved HLO projects. 

Painting was started in 321 Building. 

PWp House No. 3 (near 329 Building) work is nearing completeon. 
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Further studies have been made in 308 Building running the exhaust fans 
with the supply fans off, with the supply daxpers opened. 
ment kept the building negative pressure from being excessive. 
emergency exhaust fan for the hoods only was inadequate to clear the test 
smoke from the mom. 

This arrange- 
The 

Buildings 231-2 and 3702 are being remo'fed. 

The old vacuum puq mom in 314 Building has been removed to make mom for 
Radio graphic Testing . 
The staircase to the second floor of 34 Building has been rearranged to 
provide space for a shop. 

TgcHNIcAL INEDWIOr? OPERATION 

An audit of Technical Informatiop by: the Accounting Operation was completed 
at mid-mnth and a report submitted to the Manager of Finance, BLO. 
commendations were made concekning the follow-up on the Quarterly Inventory 
of Classified Documents, the accountability for engineering drawings in 
classified documents, the circulation and follow-up of book charge-outs. 
The report also recommended (1) that the Somat pulping machine be excessed 
and (2) that Files begin to put away their daily work at 3: 55 p.m. All 
recommendations are being acted upon and will be reported as completed. 

Re- 

A new procedure for follow-up of deliqpent Quarterly Inventories was made 
effective this mnth. As recommended by Auditing, Accounting Operations, 
Classified Files will advise Security Audit and Investigation of all custo- 
dims who have not returned their inventories one week after mailing so 
that necessary steps can be taken by Security to detehe that the delay 
is not due to a document being misplaced. 

The Purex Technical Manual was reviewed for declassification. The deletions 
reqyired for declassification were marked and the manual was sent t0 a 
Responsible Reviewer for concurrence. 
AEC '8 Declassification Branch for formal declassification after which it 
will be made available to the Eumchemic Exchange Program. 

The manual will be submitted to the 

RerLBiOnS were formally proposed to HOO for Topic 201.7.2 of the Hanford 
Classification Guide which covers interdepartmental transfers of fie1 
elements. Because classification of the records for a single transaction 
appearb to be unjustified, revisions which more clearly identify the sen- 
sitive and non-sensitive areas of infomation were proposed. 

\ 
UNCLASSIFIED 
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An innovation in reference service was begun this mnth by including brief 
book reviewe by reference specialists in "What's New in the Library?" 
selected for review are *sen on the basis of their plant-wide interest, 
unique presentation, etc. 
Materials", a long-awaited book and a first of its kind devoted to the 
accountability of special and source nuclear material and (2) "Chamistry 
for Engineera" . 
The microflhning program is proceeding steadily, with 3906 documents 

Titles 

First reviews covered (1) "Management of Nuclear 

miCrOiihped during thc =tho 
been ordered and should be on 
300 Area Files for the use of 
filmed reports in their work. 

Work Volume Statistics 

A second auto-sci microiilm reader has 
hand shortly. 
technical people who must now use the micro- 

This is badly needed in the 

October No mmbe r 
Document Distrlbution and Flles 

Documents muted and discharged (copies) l6,lOO 17,443 
Documents issued (copies) 14,281 12,925 
Documents sent off-site (copies) 8,257 6 , 494 
Document reserves filled (copiee) 641 476 
Documents picked up and delivered 18,229 18,206 

Docanent Accountability 

Holders of classified docronents whose files were 

ikcments inventoried in Files (copies) 
Documents deatmyed or retired (copies) 
Docrrmenta revised (copies) 
Documents pulled and documents iiled (copies) 
Documents reclassified 
Aczoun3able copies of SECm and DO- 

inventoried 

COXVFIDENTUL documents on-site 

Reference and Publication 

Books cstabged (new titles) 
Books added to the collection (volumes) 
Ready reference questions answered by 

Literature searches by professional staff 
Reports abstracted (titles) 
Formsl reports prepared (titles) 
~ff-site requests for HAPO reports (copies) 
Reports *leased to CAP (titles) 

pmfessicnal staff 

6rT 

6,055 
1,398 
12,010 

731 

0 

210,390 

49 
20 5 

20 5 
68 
260 
16 

299 
43 

9,159 
1,438 
12,081 

416 

210,142 

23 

70 
224 

9 
179 
35 

UNCLASSIFIED 
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Library Acquisitions and Circulation 

Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Films bornwed or rented 
Industrial film showings 
Bound periodicals added to the collection 

October 

297 
29 

1,777 
3,353 

79 
5 
r 
62 

November 

255 
322 

1,538 
3,223 
n 
5 
50 
62 

Library Collection: 

Ind.Med. Total Main Library w-10 Library 108-F Library - 
No. of books 30,233 8,549 1,695 2,024 42, no 

no. of bound 
periodicals 9 1 16,137 - - 7 - 

30,555 8,558 3,391 2,025 58,847 

Classification and Declassification ~ 0 ctober November 

Documents, including drawLngs and photographs reviewed 
for downgrading or declassification 497 8 

Documents and pagers (intended for oral presentation 
or publication) reviewed for appmpriate classification 24 34 

4 Docunents submitted to Declassification Branch, Oak Ridge 227 

Labora Auxiliaries 

JL Boyd: jw 



s. Wght Const. co. 
COST PLUS IIXCD FCt J. A. Jones 
CLANT FORCE8 

ARCWTECT-CNOINEER 

0maI.N .II.IYC.RIMO OC~R*'TlOW 

.S CISLD CYOIO4C.R 

SCOPE. WRPO... BTATUS b MOORU. 

plia project provides a laboratory for performing critical mass studies of Pu solutions 
and precipitates and involves the construction of a new structure in the 200 E Area. 

Inetallatioa of reactor controlcoqonents is continuing. A work order has been issued 
to J. A. Jones C- for modification of process Unes to e-te possible future 
contamination problems. 

* Phase I only. Phaee II was cmeted 3-31-60. 

Plant Forces are progressing on st&-up items. 

Coolglete with exceptions noted on Physical Campletion Notice. 

CIX.0 CRM. 

COOT PLUB t1)l.D CCE 

CLANT FORCES 

ARCWTCCT4NOINEILR 

DRSION CN@lNEER8NO OCC R AT ION 

8COCE. PURCOIE~ OTATUI b PIIOORLBS 

This proJect will provide increaeed capacity for an expanding reactor fuels research 
and developent prow and involves an addition to the 306 Building. 
Lump Sum Contract exceptions have been completed. 
preheat control system are malfunctioning. The vendor has been asked to correct the 
condition. 
Start-up work by Plant Forces has been lagging. 
Mmagement brought a promise of their completion by 12-31-60. 

The Cash-Stacon valves in the H & V 

Recent conferences Kith FPD Maintenance 



I 
000 
EST'D. 
COMPL 

OAtel 

COMPLETE 

SCHED. ACTOAI 

I I I - 
1 100 1 99 I 99 MANPOWER AVERA OE ACCUM.M*WMYS 

CIXCD CaicR 

COST PLUS ClXRO FEE 

PLANT CORCRS 

Am c WIT mc T - EN ~INU 

DUION KNOINCIIRINO OPERA TlON 

OC CIRLD ENGINEER 

SCOPE. PURPOSE. STA WS L PROORCSS 

4 1075 
*5 700 

I 
This project provides a research and developnent facility to permit instantaneous 
measurement of pbyeical properties of materials under dynamic in-reactor and simul- 
taneous ex-reactor conditions. 
The remaining Acceptance 'Pest Procedures have been issued and testing is in progress. 
Procurement for the helium consenration modification is underway. 

* Based on revised schedule submitted to the Commission for approval. 

COST PLUl CIXRD CIS 

CLINT PORCES 

AIICHITKCT-RNQINEOR 

DKSION ENOINERRINO OPERATION 

0. CIKLD CNSINCCR .2 

*COCC. PURCOSII. STATUS L PROORESS 

3 

Thfs project provides equipment for perfoming room and high temperature tensile tests 
on highly irradiated mterials and involves the installation of a cell in 327 Building. 

Progress has been delayed because of late delivery of cell castings. 
Will be corrected by the end of the next reporting period. 
cell castings are expected to be shipped by the vendors by 12-9-60. 

This condi%ion 
The manipulator and all 
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61 

, - - . . 
I 

5W 

~ - ~~ ~~- __ 

8coPaa-WnCO8a. STATUI b MOORLT 

This project Ku1 increase the contaminated liqyid waste 
Area and involves greater storage capcity and improved bad-out accaEpodations. 

The Rsy Brltton contract is complete except ror furnishing some engineering data. 

The J. A. Jones Co . work is progreseing satisfactorily . 

facility in the 300 

I - 
I ?UNOINO 

RIB - DP Schively 
YAMCOWLR 

CIXRD CRICS 

COIT CLUI CIXRD CRR 

LWNT CORCU 

ARCWITRCT-RNOlNRRn 

DEN ON RN OIN SI 11111 0 OCR 11ATION 

.S CIRLD RNWNRER 

I 1- 
SCOLR. CUIIC#R. STATUI b CROOnU. 

Revision 3 to the project proposal requesting an increase of a $125,000 in project 
funds ha8 been su-tted to the ComLaaion. 
packages "A", "B", and "D" . 
* 

+!+ 

Minor Construction has started repairs on 

Does not inchde design performed by Struthers-Wells. 
This percentage i8 only for the J. P. Head subcontract work on Phase "C-D". 

I 

A-7300-042 (10-60) 



,- 

,IX.O PRICE 

:Oat CLUI ?lXED ?E. 

'LANT ?ORCEI 

LRCC(lTECT-INOINERR 

SUI8N ENOlNEERIN8 OCERfiWON 

IE CIELO ENOINEER 

ICOCI. CUR POI^. ITATUI h CROeRUI 

This project provides necessary modifications to existing equipnent to simulate more 
severe in-reactor operating conditions in out-of-reactor facillties for research and 
developent studies, Anticipated shipwnt or the water storage vessel from Struthers- 
Wells has slipped again and every effort is being made to euqedlte vendor to improve 
progess. 
contingent, to a great extent, upon receipt of this vessel. 

Resumption of field activity had been planned for mid-December but this is 

* Per current Directive 
Per Project Proposal, Rev. 1, submitted to the Commission for approval 
Design is essentially complete. 
vendor design informetion is now nearing completion. 

The one remaining drawing that was contingent on 

COMMIT'I. TO 

- W K~J.N 
MA MPOU IlR AVILRAOI 

?lXED CRICI 

COlT ?LUI FIXED ?EL 

PLANT FORCE8 

A RCHl TECT-ENOINEER 

0I.l ON IN OIN EIR INQ OPER ATION 

QE CIELD ENQINEIR 

ICOPE. CUAPOlE. 8TATUI b CROOREII 
It 

I I I 

I I 

Contractor has started excavating for the building foundation. 

'1, -. , 
L;,;st 

A-rsnn-nr2 fin-em 
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CtX8D PRIC8 

COST PLW CIXRD CRR 

PLANT CORC88 

bRCMlT RC T-8NOtNE ER 

-ION .NOIN88RINO OP8RKTION 

I8 nRLD 8NOlM88R 

I I I I I I 
ICOCI. CYRPOU. STATUS moonmu ThLa project will mvide facilities for dete- mica1 

1) Additional vendor information was requested and obtained on the 
Cament drawings have been issued on one of the tm machines. 2) Com- 

and mechanical pwparties of irradiated materials and involves the Installation of a cel 
in 327 Building. 
fatigut teetors. 
ment drawlnga have been iasued on the izupct testor. 3) Desi- has not been completed on 
the crew testing mechine pluga, electrical resistivity or vacuum annealing furnace. 
4) Comment drawing6 have becn isrrued on the Universal tensile testing machine. 
mechanical portion of the wDrk is 80$ coqplete. &st of the desi= has been cemented 
upon. The electrical portion is ready for cannuents and the structural design has been 
stsleted. 
notified GE that prints are not available as only a prototype unit was shown. 
of equlpmt pay have to be deleted from the poject until the production model Is 
avadlabie . 

The 

llhe American, distributor for the Germarr-made dilatometer machine has 
This item 

PRW. NO. I TITLE I FUNOINO 

COMMIT’S. TO 

m - Rw Dascenzo 
YAnPOwaR 

FIX80 PRIC8 

COIT PLUS CIXRD C88 

PUNT CORCU 

ARCWlTECT-CNOIN88R 

D8SION 8NOINE8RlNO OC8RATlON 

a8 C18LD EN*lN8RR I I I I 

I I I 
ovide facilities to prepaze specimens from 

irradiated materials for use in determining their physical and mechanical properties and 
involves the installation of a cell in 327 Building. 
A design criteria was sent to AEC for approval. 
Design is continuing on eqyipnent and structure. 
cell cast Iron castings. 
Gs started on the round tensile former. 
Butter machine. 
were no responsible answers in the six bidders contacted. 
wlth B. B. A. Pearson of Norfin Inc. on nov. 28,for this design but were unsuccessful. 
Negotiations will continue to find a designer for this Item. 

Comments were made and reviewed on the 
Comment drawings were issued on the flat tensile former. Desigr 

Several drawlngs have been checked on the’ 
Bids were opened on Nov. 21, 1960, for the decladder machine and th 

Negotiations were entered 

r I2Si;Jl 



8COPE. PURPOSE. STATUS b PRO.RUS 

This project will allow greater capacity for analytical work involving todays more 
highly radioactive solution, and consists of adaing a shielded laboratory to the 

Design from the A-E was completed on 11-14-60. 
fundi? is being pzepred. 

325 Building. 

A project proposal for total project 

FUNDINO 
'RW. NO. 1 TITLE 

:NOINEEII 

m - Fc walkup 
Y A NCOU LR 

?lXED PRICK 

COST PLUS FIXED FCE 

PLANT roaccs 

ARCHI TCCT-LNOINELR 

DESI ON EN OINEERINO OPCRATION 

0. FIELD ENOINEER 

BCOPC. PURPOSE. STATUS b PROOIIESS 

I ti--Ft 
* Seep design was started November 2, 195g9 and completed March 15, 1960. 
design was started August 1, 1960. 

Detail 

C-eorge A. Grant Company portion of construction is ap;>roximately 5 per cent 

Orders bvs been placed for $213,206 worth of equi-t; total worth of repired. 

comple+,e. 
the Coztraztor to date. 

equipmeat is estimated to be $416,000. 

No schedules for individual portions of the work has been provided by 

A-7100-042 (10-60) 



1. 

2. 

3- 

4. 

59 

6. 

7. 

0. 

9. 

-0. 

Forma, re-steel, pipe sleevea and conduit being placed for last concrete pour on 
Vault8 "B" and "C" and pipe trenches. pour scheduled on Dec. 2, 1960. 

poured concrete for last of pipe trench covers. 

Poured concrete for work 8lab below pipe trench liner; installed bullding separation 
between pipe trench and building and placed stainless steel pipe trench liner. 

mured concrete in remainder of tjall block-outs. 

Shieldlq installed for base of transfer station and concrete pour made 
around it. 

Pgnerm station moved to site and instamtion etarted. 

Roof decking placed on both roofs and insulation and asphalting of roofs start&. 

Mechmical eubcontractor prefabricating and placing water and steam llnes, 
instaw pipe sleeves in laat  all pour, re-routed eight S/S waste lines along 
Col., Line 6, instrrlling service piping and supply H 80 V ducts. 

Electrical subcontractor running condult iropl basement to ground floor elevation, 
poured curb and -tau instrument panel and placing lights on ground floor. 

-ding and sacking of vault waUs is underway. 

A-7SOO-043 (10-60) 



T STATUS REPORT H-lF 

KNUINCKR 

CIXSD CRICK 

COIT PLUS CIXKD CKK 

CLINT CORCKI 

ARCMITKC T-KNOINK KR 

DUlON KNOINK8RINO OCKRATION 

#COPS. CUIICOIS. ITATUI L CROORU8 

Ws proJect involves the continued drilling of exploratory type wells used in 
lete,cmining the conditions of water tables within Hanford Works. 

Eight of the ten wella on this project have been completed for a total of 4,000 ft. 
of hole. Contractor is currently 4 per cent ahead of schedule. 

COIT CLUI CIXKD CKK 

PLANT CORCEI 

ARCHITECT-LNOINCKR 

DCII ON EN OIN CC RIM0 OCK RATION 

OK CIKLD LNOINCCR 

#COCK. CURCOSS, ITATUI b CROORLII 

ma project provides additional space for biological research SUPpOrthg 
services a& involves an addition to the 108-F Building. 

3e ArCXtect-Engineer visited Hanford Ncvember 28, 29 and 30, for conference and 
rev’lew nf Ti515 I Design comments. 

ma** 11 work was held up pending resolution of the funding problem but is now in 
?zOgr%s~ With original completion date unchanged. 

A re~isei Froject proposal requesting construction funds Is being prepred. 



Detail deefgn will be completed December 2, 1960, as scheduled. 

QOUYIT'S. TO 

E8TlMATED TOTAL COST 

2 30 

con.+. 

I+=#= 
II '' 1 I I 

It I I I 

I I I 

The project propeal revision has been forwarded to Contract Accounting Operation. 
Doeign is continuing, based on the revised scope. 

This prodect provides the installation of equipment at the ETR for which changes in the 
physics?. pperties of reactor structural materials subjected to in-reactor conditions 
can be dete-mined. 

I25 I555 



COST PLUI CIXCD CCC 

PLANT FORCES 

A R CHIT L C f- CN 0 INL CR 

DCSION LNOlNLLRlNO OPERATION 

OL CICLD CNOINLCR 

Project povides a me- of making uranium scrap material safer for storage and 

o,Df-plant shipment. 
;he 306 Buiwing. 

*This project proposal was submltted to HOO-AEC for authorization on June 16, 196~. 

* Weeks after authorization. 

It will consist of a burning furnace asd structure adjacent to 

FUN DIN 0 PRW. NO. 

LNOINCCR 

FM) - H. FbdOW 
MANPOWER AVCRAOC 

CIXCD PRICE 

COST PLUS FIXED CLL 

PLANT FORCES 

ARCWITLCT-CNOINCCR 

I 25 

l2 
DLSlON CNOINLLRINO OPERATION 

OL FIELD CNOINCCR 

SCOPE, PURPOSE, STATUS L PROORCSS 
I_ 

~ 

I I I 

Work Is pogressing according to schedule. 

* Eased on schedules submitted to the Commission for approval. 

m-4 
proJec* w3.11 allow the separation of Strontium-90 material from Separations 

Plant waste streams on an interim basis, and involves the conversion of the Hot Semi- 
Work6 Plant for this purpose. 
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COST PLUS CIXRO CRR 

PLANT CORCRS 

ARCMIT8CT-KNOlWRRR 

DUIW CWOINRRRIWO OPRRXTIOM 

OR n8LD CNOINR8R 

- 

ject will allow paFioFmance or radioecological studies under local environ- 
conditione. It conrriatr of constructing field facilities ror this purpose. 

WJ - RW Dascenzo 
MANPOWER AVCRAOR 

flXRD PRICR 

COST PLUS tlXRD C8C 

I PLANT CORCU 

A RCMl TRCT-RNOINRRR 

DRSION CNO1NLRRlWO OPRRATION 

OR CIRLD CNOlNRCR 

KCUU MANDAVI 

I I 1 I II 

SCOPR. CURP0.K. STATUS b PROORRSS 

project proposal was written and sent to AEC early in November, request- 
i50,WO to perform scoping design for this project. 
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CIXCD PRICE 

COST PLUS ClXCO CCC 

PLANT conccs 

AR C HI T CC T- CN OINC C R 

DCSION CNOIN CCRINO OPCR& WON 

OC CICLD ENOINCCR 

CONST. 

PC 

CCCC 

CC 

Project Proposal has been submitted to the Commission and is on the agenda for the 
3eview Ibard Meeting of December 1, 1960. 

te Months after authorization. 

PRW. NO. TITLE fUN DIN Q 

AUWORIZCO FUNDS 

1 

WT'D. ICHRD. ACTUAL 

LNOINCCR DCSIQN 

*a 

Y A WPOW ER 

ClX.0 PRlCC 

COST PLUS CIXCD Cmc 

PLANT CORCCS 

ARCl4lTCCT-CNOINCCR 

DCSION CNOINCCRINO OPCRATION 

OC ClCLD CNUINCCR 

SCOPC. CURPOSC. STATUS h PROORCIS 

AVCRAOC UCUbAMANDAW 

B 

QO 

CONST. 

Pf 

CPCf 

PP 

I1 I I I 
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mFESs1omAL PLACEMENT AID 
RELATIONS PRACTICES OPERATION 

As of November 30, 1960, the staff of the Bsnford Iaboratories totalled 1379 
employees, including 656 exempt and 723 weekly salaried. 
possess technical degrees, including 335 B.S., 123 M.S. ,. and 104 Ph.D. 

Of the total 562 

The medical treatment frequency for November was 1.56 as compsred with 1.80 
for the preceding month. 
during the month. 
year to date to 3, as compared with 42 for the corresponding period last 
year. 

mere were no disabling injuries or serious accidents 
There were 4 security violations bringing the total for the 

During November there was one visit by a Ph.D. candidate seeking employment 
and an BLO offer was accepted by an exgerienced Ph.D. physicist. 
were rejected during November, including an HLO offer to an experienced 
Ph.D. chemist and a CPD offer to an inexgerienced Ph.D. chemical engineer. 
Current open offers include an FPD offer to an inexperienced FkD. physicist 
and two ED offers to incxperienced chemical engineers. 

Two offers 

During November thirteen HAP0 scientists and engineers participated in Company 
Ph.D. recruiting, and seven BS/B recruiters visited twenty schools. 

Two Technical Graduates were added to the rolls and five accepted permanent 
assignments during the month. 
on the roll including six mcmbers of the Engineering and Science Program 

At month's end there were 67 Technical Graduates 

There were 14 requisitions received during the month, 14 vacancies were filled, 
1 was cancelled, and 20 remnin to be filled. 

COMMUNICATIONS 

A story on Hanford research requested by the Spokesman-Review for their annual 
progress edition was edited and released. 

The Washington State Departxnknt of Commerce and Industrial Development has 
requested several minutes of film on HLO activities to be included in a new 
motion picture aimed at bringing new industry to the state. 



COMWNIWOIVS (Cont'd. 1 

Aseistance ~ae pravidad ror the publicity or the PRTR criticality. A TV news 
film prepared by Relatione with HLO aseistance was shown on the Cascade Network. 

Three luncheons were held by the mgcr, Banford Laboratories for employees 
in Hmember. 

mmmm 

Seminars in m, C-tive Approach and Understanding People continued with 
a total enrollment of 40 Iaboratories rnoyees. A proporred Columbis Basin 
College "Engfnwrlng Aid" night clase curriculum was reviewed by selected 
Iaboratoriee nnnagem and cmts to Relations Operation, Education 

Professional Placement 
and Relations Practices 

UNCLASSIFIED 
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-. TABLE XI BO- EMpzm 

Nonexempt Employment Status Oct. Nov. -- 
Requis itIOU6 

At end of month 

Cancelled 

Received 

Ftlled 

21 20 

2 1 

20 14 

16 14 

W- 67 5 32 

Nonexempt Transfer Request Oct. Nov. -- -- ~~ 

Transfers 

Active cases at end of mo. 78 80 

Cancelled 30 

New 2 22 

Effected 20 

UNCLASSIFIED 
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C - Technical Graduate Program 
Month ending - Nosember 30, 1960 

I- 5 

lumber Personnel on assignment 
(HAP0 Tech Grad Program .......... .61 
(Western District E.P. ............ 6 

Distribution of Assignments by Departments 

IPD 
Em 
m 
CPD 
CE&UO 
c&Ao 

Mstribution of Assignments by Function 

R&D or Engineering 
Other 

67 

29 
17 
8 
6 
5 
2 

44 
23 

UNCLASSIFIED 
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FIXUNCIAL OPERA!lTON MOmTBLY REPORT 
NO- 1960 

Personnel 

Aneqlayeei~was trsnsferr&>fiorn Labora,-&ry Auxiliaries to work in Property 
Accounting. 

Ac!fidtie$ 

Gm ACCOUXIXCITG 

!be level of travel in Ifemford Laboratories was lower than in the previous 
month following an established seasonsl trend. 
thsn normal in December due partially to the AmS meeting in Sas Francisco. 

Accruals for equipment received not billed and equipment shipped by the vendor 
prior to December 1, 1960, with F.O.B. terms vendor's plant were made at the 
request of Contract Accounting. Accrual by progran is shown below: 

It is expected to be higher 

02 program $ 51 363 
03 program 

05. Program 190 

04 prograsl 64 ;3 

06 program 915 

- ToW equipment expenditures including the above accrual. are c-ed to our 
current allocation as follows: 

(Amounts in ~housana~) 

PrOKT&Ul 

02 

03 
04 

05 
06 

Allocation 

$1 877 
25 
708 
43 
100 

Reconciliation by C&AO of the pbysical inventory of the Hot Semi-works facility 
and the inventory of movable cataloged equipment in custody of Radiation Protec- 
tion continues. C&AO advises reconciliation will be completed in December. 

Preparations 
equipment in 
Operation to 
cdmpleted by 

llhe Mid-Year 
Accounting. 
$51,000 from 

nr 

I L2 

were completed for the physical inventory of movable cataloged 
the custody of Physics and Instrument Research and Development 
begin on December 12, 1960. 
January 2, 1960. 

The actual count is scheduled to be 

Budget Review covering RLO Inventories was submitted to Contract 
Total Hto inventories balance for June 30, 1961 was reduced by 
that previously reported. 

/tu 17' ' ;{ UNCLASSIFIED 



--one item valued at $l3,753 were received at the Laboratory Equipment 
Pool during the month of loovennber. 
placed in ~eu of placement of requisitions vsl~ed at $7,912. 
at $1,464 was withdrawn by custodian. 
$2*,843.located in the equipexit pool. 
Jupe 30, 1960, equipnart valued at $25,820 has been withdrawn in lieu of the 
placement of reqaisitions. 
indicating a net saving of $2l,l2'7. 
exceed the orlglnd buibUng investment by the end of this fiscal year. 

Twenty-four itens were loaned or permanently 
 on^ item valued 

exe currently 593 items valued at 

Our operating cost for this mne period was $4,693 

It is interesting to note that since 

At this rate, net ssvlngs to HLO will 

The following Reactor and Other Special. Msterials were on hand at the Labora- 
tory Pool at monfh d. 

Beryllium 
pallsdium 

platinum 
silver 
Gold 
zirconium 

In order that unitizations performed by Word Laboratories Operation, where 
HLO has retained prodect management and account-, may prowess smoothly with- 
out duplication of effort the Aurction of project unitization w8s transferred 
to Property Accounting in lknrember. In addition during November responsibility 
for coordinating and control of office f'urniture and equip& for HLO previously 
mded Iabafatory baci'laries was lxansferred to property Accounting. To 
perform these new assigxmexrbs aad to relieve au increased work load in Property 
Accounting which has eteadlly aad consistently increased during the last several 
gesrs, one additional person was added to the staff. As a result all Property 
Accounting personnel were reassigned to new duties and new job descriptions were 
prepared and subrmitted to Relations Practices for review and classification. 

A report of results of the anmaal witnessed msical inventory of reactor and 
other special materials was issued by Conlzact Accounting Operation. 
reported by Contract Accounting were in general, much Fmproved over those reported 
at the time of the 1959 physical inventorg. 
maqv holders have mat- in their custody where no immediate future use is 
Saticipsted. 
Custodian aad reissued as the need arises. 
our efforts to transfer this material to the Laboratory Ekpipment Pool. 

Conditions 

It was reported again this year that 

This material should be in the custody of the HLO Central Control 
To correct this, we wlll intensify 

!!!he FY 1961 Wd-Year Budget Revlew was completed and required data were transmit- 
ted to Contract Accounting within the established due dates. 

As a result of the Mid-Year Review, additional 02 Program Research and Develop- 
ment f'unds in the amount of $64,0oO were allocated to Word Laboratories by the 
General mer - HAPO. Other highlights of the Mid-Year Review include (1) an 
additional allocation of $100,000 in Reactor Prowam f'unds from IPD for river 
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radioisotope work, (2) a decrease of $30,000 in IPD-sponsored Metallurgy work, 
(3) a net increase of $35,000 in CPD-sponsored 02 Program Research and Develop- 
ment and (4) a $25,000 increase in CPD-sponsored process technology. The pre- 
ceding fund changes and other miscellaneous adjustments will be reflected on 
November reports. 
AEC will not be reflected on November reports, but will be factored into the HLO 
Control Budget as they are approved. 

Those portions of the Mid-Year Review requiring approval of the 

Two special requests were received by Hanford Laboratories during the month: 

Provide engineering services at Dugway Proving Ground for the 
Defense Systems Department, General Electric Company. Estimated 
billing price - $500. 
Provide four pieces of zircaloy tubing under the sheath tube ex- 
chsnge program to Savannah River Plant, E.I. hrpont DeM-s and 

Compaqy. Estimated billing price - $500. 
Three prom codas were established during the month as follows: 

- Code - ntle Remarks 

.3O Reactor 8tudies - Supercritical New research and development 
-3 Alumifnm 1 Corrosion and Alloy programs sponsored by Division 

Development of Reactor Development. 

.l3 Protective Coating Testing Methods New program sponsored by 
Division of Production. 

Organization code 762l - Hot Semi-works has been established to accumulate 
salaries, materials and servlces associated with the Strontium-90 Purification 
activities at the Hot Semi-Works facility. 

Progress toward the conversion of the HLO cost accounting system to electronic 
data processing was further accomplished during November with the utilization 
of indiddual Time Distribution Reports and the conversion of the nanual work 
request system to the EDP work order system. 

Concurrent with the transfer of 100-F mea landlord reponsibilities on November 1, 
1960, fYom LaboratDry Auxiliaries to Biology, applicable FY 1961 budget and costs- 
to-date were segregated. Separate reporting is pled for the fitme. 

Action as indicated occurred on the following projects during the month. 

New Funds Authorized HLO 
CAH-896 Stress-Rupture Test Facility 

Pbysical Completion Notices Issued 
CAa-84t3 

*CAH-864 
Geological and Hydrological Wells, FY 1959 
Shielded Aniaal Monitoring Station, 100-F 

*AEZ Services only. 

$3 500 

UNCLASSIFIED 
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Constntction Completion and Cost Closing Statements Issued 
CGH-790 

CAE-848 

High Level. Radioactive Elaterial Receiving and Storage Addition, 

Geological and €@irological Wells, FY 1959. 
327 Udlsg 

Flrpancial restrictions were placed on miscellaneous Capital Work Qrders under 
$2O,OOO in Word Laboratories due to a limitation of authorized Arnds for 
FX 1961. Seversl jobs have been cancelled and several more are being held up 
pendin@ a revlew of HAP0 rewements. 

. 

persrOll Statistics 

lorrmber of m Employ ees 

C&m&es Dura bath 

n9 
14 . 

Number on prryroll at Beginning of Month 1382 663 

Removals and Transfers Out le) 
Additions and pansfers In 

zi Ebrplayees on payroll at bd of -nth ,1 380 

overtime paymeat s minR mnth 

Total 

Gross Parr oll Paid Durw Month 

Total 

Participation in Ebrployee Benefit 
Plans at bnth End 

Pension plan 
Insurance Plan 
Personal Coverage 
Dependent Coverage 

u. 5. Sa*s 
ecck Bonus Plan 
saving Plan 
Sa* and security plan 
Accident Inatrance 

November 

$13 409 
28 691 

$42 100 - 

~ovember 
lhrmber Percent 

1 a6 99.3 

7s 37 *7 
88 6.4 

797 57 -9 
1 155 85.4 

Ockober 

$9212 
19 lo8 

$28 320, 

October 
Ifumber Percent 

1 a7 99 94 

1 372 99 
985 

75 36.9 
90 6.5 

1 051 85.2 
797 57.8 

UNCLASSIFIrn 
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Insurance Claims 

-wee Benefits 
Life Insurasce 
Weekly Siclrness ad Accident 
Coplprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

Good NeiRhbor muyl 

Number Participating 
Percent Participating 

W. %@ Sale 

December 15, 1960 

J-5 

Rovember 
Number Amount 

-0- $ -0- 

15 547 
34 1 819 

69 LE 

Movember 

942 
68.3 

Hw-67532 

October 
Number Amount 

-0- $ -0- 

10 

55 

84 - 

730 
2 456 

si3 $11 325' 

October 

941 
68.1 

UNCLASSIFIED 
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INVENTIONS OR DISCOVERIES 

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 inventions or 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, 

ndebook records, if any, kept in the course of their work have been 

examined for possible inventions or discoveries. 

Such 

INVENTOR 

J. J. Hauth 

J. J. Hauth 

W. E. Baily and 
J. B. Burnham, Jr. 

E. G. Peterson 

J. M. Skarpelos 

TITLE OF INVENTION OR DISCOVERY 

Fabrication of Ceramic Fuel Elements 
by Ultrasonic and Low Frequency 
Vibratory Compaction 

Mixed Pellet Powder, High Density 
Ceramic Fuel Elements 

Fabrication of Ceramic and Cermet 
Solid Solution Fuel Elements by Hot 
Swaging 

Proton Recoil Neutron Spectrometer 

Fixation of Radioactive Residues - 
Use of an Activated Carbon Pretreat- 
ment to Remove Organic Impurities 
and Enhance Cesium Removal from 
Radioactive Wastes by Natural and 
Synthetic Zeolites 

UNCLASSIFIED 
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