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BUDGETS AND COSTS 

HW - 7 2 590 

January operating costs totaled $1, 650, 000; fiscal year-to-date costs are 
$15,393,000 or 5670 of the $27,555,000 control budget. 
a reduction of $574, 000 in connection with the continuity of service expense 
adjustment related to CY 1961 Pension Plan costs. Hanford Laboratories' 
research and development costs for January, compared with last month and the 
control budget are as follows: 

January's costs include 

(Dollars in Thousands) 

HLO Programs 
02 Program 

03 Program 
04 Program 

. 05 Program 
06 Program 

FPD Sponsored 
IPD Sponsored 

CPD Sponsored 

Total 

COST 
Current Previous FY 

Month Month To Date 

$ 43 $ 47 $ 309 

727 

66 

163 

999 

74 

98 
122 

$ 1 293 

88 1 
82 

182 
1 192 

120 

115 

147 

$1 574 

6 343 

49 8 

1 373 

8 523 
794 

756 

942 

$11 015 

9% 
Budget Spent 

$ 605 51 

10 925 58 
1 088 46 

50 2 720 

15 513 55 

1400 57 

1 325 57 

60 1570 

56 $19 808 

175-a) 

- 

- 

- - - 
(a- Represents a new authorization to extend the current plutonium 

metallurgy effort related to programs sponsored by UCLRL 
(Project Whitney) and CPD. 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

Experimental Zr / U coextrusion studies indicate that it is possible to nearly 
march the extrusioK constants of uranium and Zircaloy by careful control of 
extrusion temperature and chemical composition of the Zircaloy. 

Large Zircaloy-2 grains in a Zr/U zoextrusion billet were found to cause 
roughness of the cladding surface and at the U-Zr interface of subsequent 
coextrgded N fuel. 
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Charging force studies for present reactors have disclosed a soluble oil 
which significantly reduces the friction between fuel elements and process 
tubes with an accompanying decrease in galling. 

Long-term irradiations of NPR graphite are under way in two capsules in 
the GETR at sample temperatures ranging from 325 to 750 C. 

Forty-one boiling burnout points were obtained for vertical flow through a 
heated test section that was used previously in a horizontal position to 
obtain data for the center portion of the NPR fuel elements. Gravity has 

little effect on the steam-water flow patterns influencing boiling burnout 
for the conditions studied. 

Using an electrically heated test section inside of a glass process tube fitted 
with "self supports" of various thicknesses, observations were made of the 
heat transfer conditions to be expected around "self supports'' of production 
reactor fuel elements. 
at conditions in which the rest of the fuel element still experienced all-liquid 
cooling. 

Considerable boiling was observed under the supports 

NO hydride platelets were found in the Zircaloy-2 tube removed from KER 

Loop 3, after reactor service for about two years. Irradiated portions of 
the tube burst (at room temperature) at hoop stresses comparable to an 
unirradiated control specimen. 

The in-reactor creep test of 207" cold-worked Zircaloy-2 at 310 C and 
30,000 psi has been terminated after 1500 hours and a specimen strain near 
1%. Analysis of creep data shows that creep rate is little reduced immedi- 
ately after reactor shutdown (flux reduction); the observed great increase 
in creep rate during shutdown apparently occurs somewhat later, foilowing 
removal of irradiation-induced defects. 

A hot swaged and a vibratorily compacted 19-rod cluster element and a 
nested tsubular element are all operating satisfactorily in PRTR with heat 
generations in excess of one megawztt. 

The vaporization of U02 in the immediate vicinity of a moving fission 
fragment has been demonstrated by electron microscopy and diffraction. 
An amorphous carbon film retards this vaporization. 

Detailed examination of U02, irradiated to 37, 000 MWD/T, revealed 
distinctive characteristics different from those previously shown to exist 

in low exposure material. In particular, the radially oriented single grains 
were noticeably long and thin. 
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A vibrationally compacted stainless steel clad UO2 fuel element was 
discharged from the VBWR after a successful irradiation to 1200 MWD/T. 

Tensile tests of magnetic force welded closures on aluminum cermet (SAP) 
reveal that a joint is made which is as strong as the parent material. 

A U02-Pu02 PRTR prototype 7-rod cluster (GEH-11-7) has Completed its 
irradiation of 23 full power days in the ETR 3x3 loop. An injection-cast 

7-rod cluster (GEH-11-6) containing A1 - 2.53 w/o Pu - 2. o w/o Ni alloy 
core material is now being irradiated in this facility. A U02-Pu02 cosine 

enriched 7-rod cluster element (GEH-11-8) has been completed and sent to 
the ETR for a later irradiation. 

Inspection of four aluminum-plutonium spike fuel elements during the last 
PRTR outage disclosed various amounts of rod shortening. 

Six special low-exposure plutonium spike fuel elements for measuring radial 
and axial flux patterns within a cluster have been delivered to the PRTR. 
Fuel element rods for the final six low-exposure spike fuel elements are 
being prepared for cluster assembly, making a total of 67 Mark I-H 
aluminum-plutonium elements fabricated for the PRTR. Fabrication has 
begun on fourteen aluminum-plutonium spike fuel elements containing high- 
exposure (16.5 a/o Pu-240) plutonium. 

Six PRTR process tubes monitored in-reactor during January appear satis- 
factory, with no significant changes in ID or gas gap with the shroud tube. 

Special 1/4-inch wide support ribs on PRTR fuel appear to cause less wear- 
corrosion penetration of the process tube than the standard 1 / 16 -inch wide 
ribs. 

A new "Breakaway Corrosion Loop" is being put into service €or ex-reactor 
corrosion testing of metals in water at "hot-spot" temperatures up to 1100 F 
and 3500 psi. 

Creep rupture tests on two annealed, unirradiated sections of PRTR Zircaloy-2 
process tnbing indicate that for an equivalent strain, the stress in the tube 
wall mnst be twice that in a tensile specimen machined from rolled strip. 

Stress corrosion susceptibility tests in boiling 42 w /o MgC12 continued. 
HasTelloy X, PRDL-102, AISI-406 SS, and Incoloy are the most resistant 
among +he 35 alloys tested. 
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h the development of a llquid shim rod for PRTR severe cadmium plating 
and precipitation from cadmium sulfate solution was encountered in the 
presence of aluminum. Further laboratory work will be done to discover 
a means of preventing these react: ions. 

The Gas Loop test channel inner tube was completed and delivered to the 
reactor. 
Gas Loop. 

This completes all planned Equipment Development work for the 

- 2. Chemical Research and Development 

Initial results , obtained under adverse experimental conditions, show that 
the addition of sodium silicate at a concentration of 10 ppm (as Si) to the 
reactor cooling water effects a reduction in concentration of As-76, Np-239 
and Cr-51 in the effluent by about a factor of %wo. Further testing under 
favorable experimental conditions is planned. 

The three technetium-99 product fractions from anion exchange runs on 
Purex 103-A waste supernate were combined and processed through a second 
ion exchange cycle for additional purification; ten grams of very pure tech- 
netium were obtained. 

The extraction of cesium-137 from actual, full level Purex 1WW and 103-A 
wastes by dipicrylamine (in nitrobenzine) was demonstrated. 
degradation was noted. 
from the organic solvent with dilute nitric acid, and good separation from 
sodium was observed. 

No solvent 
The cesium was easily and completely stripped 

Phtonhm recoveries (as PJO~) of 80 to 90 per cent and promethium decon- 
tamination factors of 370 to 1500 can be achieved by sparging LiCl-rick 
LiC!-NaCl molten sait solutions with chlorine -oxygen gas mixtures. 
quality U02 can also be produced by electrolytic reduction in these melts. . 

Attempts to co-deposit U02 and PJO~ electrolytically from these systems 
have thzs far given poor separation from rare earths. 

Good 

Engineering scale tests on the electrodeposition of U02 from molten salt 
solutions show +hat the production of reactor grade material Is significantly 

impaired If the melt contains undissolved U30g. Use of HC1, vice chlorine, 
for drying a meit containmg U308 results in further product degrad;tion over 
that caused by U308 alone. 

Attempts to electrodeposit U02 from all-sulfate, all-fluoride and fluoride- 
containing chloride molten salt systems have been successful in part. 
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The rate of the photochemical reduction of uranyl nitrate to uraniumiIV) 
nitrate was found to be dependent on the source of the uranyl nitrate 
solution. 
solutions is twice that of uranium solutions from pilot plant operations or 
of that prepared by the dissolution of U02. 

The rate of reduction of either Redox or Purex urahiu.m product 

Conversion of the jiggler ion exchange contactor from continuous to 
intermittent operation has significantly improved the over -all operability 
of the unit. Initial tests show high extraction efficiency and good control 
of resin movement. 

Laboratory studies with simulated, Purex coating removal waste indicate 
that a volume reduction of about 6 is required to produce a slurry which 
will solidify completely at 80 C. 

Using a rotary core bit, a sample of Purex underground stored waste 
sludge was obtained. A waste tank sluicer has been constructed, has 

successfully passed mechanical and hydraulic cold tests and is ready for 
ins tallation. 

The maximum temperature difference of water flowing through each of 24 
pumps located in the 181-B building pump house was found to be two degrees 
(Centigrade). Thus, the thermally-hot spring water entering the 181 -B 
forebay is not completely mixing with river water before entering the pumps. 

The concentrations of tritium in all surface-ponded and steam condensate 
stream samples were found to be very near the detection limit, i. e., 
1 10-5 pc/cc. 

As evidenced by tritium analysis of monitoring well samples, contaminated 
ground water appears to branch into two plumes about 4 to 5 miles southeast 
of the 200 Area; one plume moves southeast and then east tomard the 
Columbia River and the other continues southeast toward the 300 Area. 

A Micro Pilot Plant run is in progress to evaluate the Ifflciency of Amberlite 
IR-120 for the extraction of cesium-137 and stronticm-90 from PJrex Tank 
Farm condensate. Thus far, the cesium-137 and strontium-90 Concentrations 
in the ion exchange efflvent have been less than their respective MPC,, values 
In over 10, 000 column vokmes of feed. 

The reactor effluent As -76 ,monitor has been significantly Improved. 
Sodium-24 and chlorine -38 interferences have been eliminated and drastically 
redcced, respectively, by the replacement of the ion exchange column with a 

0 three-fold larger unit. 

The drilling of 18 new monitoring wells on Project CAH-921 has been 
completed. 

I25'j1;,2 I 
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3. Physics and Instrumentation Research and Development 

In the NPR program, plans for the reactor system simulator were advanced 
through completion of a scoping study of the functional applications and the 
equipment requirements. 
IPD for incorporation in a project proposal. 

Also for the NPR, experiments continued to determine the reactivity effects 
of flooding of the graphite and fabrication of instrumentation for the forth- 
coming nuclear purity tests of the laid-up stack was completed. One of two 

against the measured value of I& of the NPR lattice. 

Hazards studies on existing production reactors were aided through the use 
of simulation methods which allow representation of the variation of control 
strength and power distribution in space as well as time. 
method the reactor can be divided into six horizontal slabs. 
improvement to allow division into eleven regions is being developed. 

The information developed was transmitted to 

t improved calculational methods gave satisfactory agreement when tested 

In the current 
A further 

Also in support of the existing reactors, the new process tube distortion, 
traversing mechanism was used to measure, with errors less than 3/16 inch, 
the contour of a 40-foot tube in a mockup. 

A new radiation monitor instrument design was developed to meet the recently 
revised IPD functional specifications for updating reactor building monitoring 
equipment. Based on two previous developmental models, this new design 
provides a six-decade logarithmic response with transistorized circuits and 
a scintillation detector. 

In a brief study of the use of fast reactors for plutonium production, it was 
observed that, for the same quality of plutonium (equal Pu-240 content), the 
exposure, MWD/T, in the fast reactor can be much longer than in a thermal 
reactor, yielding a greater quantity (50 to 100 times more) of plutonium 
before reprocessing is required. 

In the Plutonium Recycle Program measurements of the resonance capture 
of Pu-240 in reactor fuel, in a PCTR experiment, indicated considerable 
self-shielding as the concentration of this isotope was increased. 

New insight into the effect of crystal binding in the moderator on the neu.tron 

spectrum is being gained through improved analysis of results of rethermal- 
ization experiments in graphite. An attempt to represent this effect through 
a fictitiously large mass for the moderator nuclei is being explored. 
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Further improvements have been obtained in the microwave method for 
measurement of in-reactor creep reported last month. By use of a two- 

cavity balancing method the sensitivity has been increased by a factor of 
five, now giving results reproducible to two microinches. Long term 
stability was also improved and tests are continuing to determine the 
extent of this improvement. 

A liquid effluent monitor with improved stability, reliability, and sensitivity 
was developed to replace the present system used in the PRTR containment 

trip circuit. 

The experimental program continued at the Critical Mass Laboratory with 
the completion of eleven experiments during the month, most of them 
designed to test the effectiveness of concrete as a neutron reflector. 
Somewhat surprisingly it has turned out, in experiments to date, to be more 
effective than an equal thickness of water. Meanwhile, calculational methods 
for treating the interaction between neighboring subcritical assemblies have 
given satisfactory results when checked against experimental data on U-235 
solutions obtained at ORNL. 

Several advances were made in nondestructive testing research. 
of the broadband eddy current multiparameter equipment was significantly 
improved through new circuits. 
of the experimental heat transfer test so that a 1/4-inch-diameter bond 
defect could be detected in an aluminum-clad fuel element. 
conversions predicted from. Lamb wave theory were clearly observed with 
schlieren imaging methods. 
development of an ultrasonic test to detect transverse cracks in installed 
aluminum process tubes. 

Sensitivity 

A new radiometer increased the resolution 

Ultrasonic mode 

Some encouraging results were obtained in the 

Reproducibilities of 100 microinches or better are being obtained with the 
groove depth microscope recently developed for CPD Finished Products 
Technology and now installed. Visitors from two other laboratories have 
expressed a desire to have similar instruments made for them. 

. 

In the course of testing work on NPR primary piping, an interesting procedure 
was developed for obtaining laboratory quality metallographic examinations 
in the field. Weld-end preparations are hand-lapped and replicated with 
electron microscopy replication techniques. Mter shadowing with uranium 
dioxide, microscopic examination of the replica at lOOX allows an excellent 
evaluation of grain structure, oxide inclusions, and extrusion effects. 
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Satisfactory results were obtained from first tests of an experimental 
transistorized instrument intended as a potential replacement for the 
obsolescent portable GM radiation monitor instruments now in use at 
HAPO. 

Field experiments in atmospheric dispersion and transport resumed at 
Cape Canaveral, Florida, on January 11, under the direction of 
Atmospheric Physics personnel. 
complement data collected during May and June 1961 for the East Coast 
Sum mer climatic regime. 

The anticipated resultant data will 

Future air diffusion experiments may be aided by a continuous ZnS particle 
monitor now under development. 
model showed a sensitivity of 4 x gm/ft3 
for the filter collection and tedious counting techniques now used. 

Field tests with the first experimental 
gm/ft3 compared to 2 x 

Further improvement was made in the P-32 counter by removing the light 

pipe. 
Cerenkov radiation. It was demonstrated that P-32 from eating Columbia 
River whitefish could be detected in human subjects. 

This eliminated considerable background - -probably that due to 

4. Biology 

The effect af pH on gut absorption of Sr and Ca turned up someinteresting 
suggestions as to mechanisms of absorption. 
two ions appear to be absorbed by different mechanisms. 
that at very low and high pH’s, the ability of the gut to discriminate between 
the two ions is lost. 

At least at some pH’s, the 
It also seems 

The SrgO chronic toxicity experiment in swine is progressing well. 

Pathological responses are becoming apparent in animals being fed the 
higher levels of Sr90. 
obtaining satisfactory radiographs with our equipment, due to long exposures 
and movement of the animals. 

Some difficulty, however, is being experienced in . 

Some preliminary results are now available on the effect of 
an atmosphere containing I131. 
and deposited in the body. 
in the thyroid, but not nearly as much as one would expect from simple 

isotopic dilution theory. 

released to 
1127 does not seem to decrease Il3I inhaled 

However, it does decrease the amount deposited 
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The MELEAGER physics code was compared with other physics codes, 
including a multi-group physics code named SPECTRUMJ and the former 
code consistently yielded reactivities for given plutonium enrichments 
which were lower than the reactivities produced by the other codes. Hence, 

the use of the MELEAGER physics code generally results in computation of 
plutonium values which are less than the values which would be computed if 

other physics codes were used. There are grounds for believing, however, 

that the use of the MELEAGER physics code may overemphasize the increase 
in plutonium values which is sometimes computed for reduced U-238 spatial 
concentration. 

Document HW-71811 , "PUVE - A Computer Code for Calculating Plutonium 
Value, I' was issued. The report on hazards of shipping cerium-144 is being 
delayed to permit evaluation of new data on the hazards associated with 
strontium contamination in cerium. 

The final shipment of separated and decontaminated high exposure plutonium 
for the Plutonium Recycle Program has been received. 

TECHNICAL AND OTHER SERVICES 

Based on an appropriate adjustment for the number of tubes .charged, a system 
of control charts has been recommended for monitoring charge -discharge 
performance during individual reactor outages. 

Major progress has been made on a computer program to produce magnetic 
control tape for the Gorton lathe. A series of tests designed to examine the 
program's reliability in distributing the proper signal along the tape have all 
been successful. 

Closed form general solutions were obtained for a set of three ordinary nonlinear 
differential equations which arose from reactor shielding studies. 

A second order, second degree differential equation, relating rate to time for a 
pzrticular postulated mechanism of aluminum corrosion was integrated and the 
functional parameters estimated. 

No new cases of plutonium deposition were confirmed by bioassay analyses dwing 
the month. 
Hanford remains at 283, of which 205 are currently employed. 

The total number of plutonium deposition cases that have occurred at 
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Meascrements of the concentration of P32 in whitefish caught between Ringold 
and Richland in January indicate thzt the 1961 seasonal maximum occurred in 
late November or early December. This concentration was less than half of 
the 1960 seasonal maximurn, undoubtedly reflecting the effects of the special 
influent water treatment of the production reactors. 

The average concentration of air -borne radioactive fallout materials in the 
Pacific Northwest was essentially unchanged from last mon+h. 
were in the range of 3 to 9 uuc/m3. 

The concentrations 

There are 15 currently active projects having combined authorized funds in the 
amount of $5, 797, 600. 
Total expenditures on them through December 31, 1961 were $2,968, 000. In 
addition project proposals have been submitted to the Commission requesting 
$224, 000 total project funds on two new projects. 

The total estimated cost of these projects is $10, 661, 000. 

Project CAH-921, Geological 
during the month. Estimated 
funds. 

SUPPORTING FUNCTIONS 

and Hydrological Wells - FY-1961 was completed 
final cost is $79, 000 compared to $79, 000 authorized 

The PRTR output was 955.11 MWD plus 36 hours of shutdown experimental time, 
resulting in a plant efficiency of 4470 and a total experimental time efficiency of 
4870. Total energy to date is 4593 MWD. 
element is 1360 MWD/T and for maximum =-A1 is 62.7 MWD or 37.470 burnup. 
The sixth refueling was accomplished 1-17-62. 
Pu-A1 and 46 U02. Three new Pu-A1 test elements were charged and the nested 

tubular UO2 element was moved into a higher flux zone. 

Exposure for maximum U02 fuel 

Total elements remain ar 39 

Heavy water losses chargeable to PRTR operating cost during January amounted 
to $18,000. 
$209, 000. 

Accumulated scrap for return to Savannah River is valued at 

The Pktonium Recycle Program Critical Facility is near5ng completion, startup 
plans have been issued for revlew and operating procedures were completed in 
draft form. 
(7570 complete compared to 8370 scheduled). 
portions of the gas cooled loop. 

The fzel element r.-pture test faciltty is not quite up to schedule 
Design tests are in progress on 

Reorganization of supporting Pactions In HLO was completed with the establishment 
of she Finance and Administration Operation and the discontinuance of the 
Laboratories Auxiliaries Operation. 
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Educational Courses - Thirteen participants completed the Creative Approach 
Seminar. Autumn Quarter Tuition Refund payments were processed for 81 

. successfully completed courses. 

Recruitment - In the advanced degree area, nine PhD applicants visited for 

employment interviews, four new offers were extended, one acceptance and 
three rejections were received and four offers currently remain open. 

- 

In the BS/MS area, two offers were made for direct placement making a total 

of three such offers now open. 

Three offers were extended for the Technical Graduate Program, one acceptance 
was received, and three offers are currently open. 

' 

x 

Technical Graduate Program - Eight Technical Graduates were placed on 
permanent assignment, two were terminated, leaving a total of 63 currently on 
the program. 

HM Parker:PFG:st 

for Manager 
Hanford Labor ator ies 
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REACTOR AND Fuas ?EXTARCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSICXABIA MATERIALS - 2000 PROCRAM 

1. METAUURGYPROCRAM 

Corrosion Studies 

Dual Cycle Chromic Acid Autoclaving of Aluminum. The chemical composition 
of the oxide films removed from three X-8001 coupons exhibiting the great- 
est corrosion resistance was determined and found to be 36% Al and 20% Cr 
(average). 
during the analysis. 

A modification of the dual cycle chromic acid autoclave process is also 
being developed. 
better, corrosion resistance and yet is free of "worm-tracking'' and gal- 
vanic coupling effects. 
treatment and a potassium dichromate-sodium hydroxide final autoclave 
treatment (pH -5 to 9). 
advantage in that the resulting films are a light grey-brown and hence 
easily inspected. 

Traces of an interfering ion, possibly Fe or Ni, were noted 

The new process appears to provide the same, if not 

The process consists of a water autoclave pre- 

The alkaline dichromate process has an additional 

Corrosion of &-Be Brazed End Closures and Copper Bonded End Closures. 
investigation of the corrosion characteristics of zirconium-beryllium 

An 

brazed end closures and copper bonded end closures is being coniucted. 
Tests in both 360 C water and 400 C steam have shown that the welded 
beryllium braze closure corrodes approximately twice as fast as the un- 
welded braze and 4-1/2 times as fast as the Zircaloy-2 cap. 
penetrations of 0.7 mil (three months, 360 C water) and 0.8 mil (six 
weeks, 400 C steam) were measured for the welded braze closure, as com- 
pared with 0.16 mil for the Zircaloy-2 caps. 
appeared to produce more white oxide on the welded braze area than the 
400 C steam test at similar weight gains. 

The copper bonded end closures are being tested in both 400 C steam and 
360 C water but have not received sufficient exposure to allow evalua- 
tion of the corrosion results. 

Corrosion 

The 360 C water test 

- 

In-Reactor Resistance-Measuremnt Capsule. 
shown that measurement of electrical resistance across a zircoEium oxide 

Laboratory experiments have 

film may serve as a monitoring system for detecting hydriding conditions. 
An in-reactor capsule is being prepared to examine irradiatiofi effects on 
film resistance. 
have been fabricated. 
another month. 
at 105 KE during the scheduled reactor outage in late February or early 
Mirch. 

The capsule has been designed and most of the parts 

The capsule will be charged in 2A side-to-side test hole 
Assembly and testing will be complete within 



2ircalo.r Comsr,erLts for ITPR FJel 

Clad thickness variation or "wande;-lzst" i.z 11 fdels ma;- resLit frosl areas 
s the Zircelo:- compcnents which Lave different extrsicii eliaracteristics . 
If oxx =-ea e::t:uZes aasier than anocher, tnen thick and t'zir cladding 
CpLd res-dz. Hmord has experienced this inconsistent rGspons@ 0; 

Zkcaloy LC c::tr;sic~ ,'orces on m.;- occasions. For e;:osple ti ZIxalo;' 
sl~z-.-c. mde :roc fr !ic::azonal f'orShj coextrcaed to a clad that vas I'cmd 
09 tlie cL.tsiae 5ut of hexagonal shape 01; the insfdz. From t;re prSerx3 
GJ-icnta';:on inrparted by forzing, t;ic mexal had a TJZIGC~J' of the pi-evio's 
VOl-k;5,r~. 





or of circumferential orientation of the fuel supports. Set*eral aadl- 
tional tests have been completed, and observations supponed by calcu- 
lations indicate that the 10 percent solution of A-60 soluble oil in 
the water lowers the coefficient of friction. 
also reduced the galling of the prdcess tube. 
tative data have beer compiled. - , 

The soluble oil solution 
Quantitative and quail- ., . 

Fuel Irradiations. 
!has continued in the 6x6-M3 Loop in the ETR. 
maintained at 270 C and the maximum cladding surface temperature was 
approximately 300 C. On January 2, 1962, the reactor was shut dm after 
the fuel elennt had accldated a total average exposure of 550 MUD/T. 
The fuel element was removed fromthe reactor, disassenbled and measued. 
The warp of both the inner and outer tubes had reversed itself during 
the last reactor cycle as was expected (the fuel element was rotated 
180 degrees about its longitudinal axis when it was reinserted at the 
beginning of the last cycle). 
50 mils warp in a direction away fromthe center of the reactor core to 
50 mils toward the center of the reactor core. 
25 mils away fromthe center of the reactor core to 40 mils toward the 
center of the reactor core. 
was no change in the CD of the outer tube. 
on the imer tube. 
the fuel element was disassembled, two from the mid-length and one from 
the lower end. 
while the fuel elelnent was in the reactor or during handling before or 
after the last reactor cycle. 
further and the spare inner tube is being used during the remainder of 
the test. 
current cycle, it was rotated 180 degrees to its original position to see 
if the warp would again reverse itself. 
satisfactorily and at the present time the total average exposure is 
630 MWD/T. 

The production brazed irradiation test at the KCR, GEH-4-63 and 64, is 
now in the ETR canal where periscope measurements and pictures are being 
taken. After sufficient 
cooling., the elements will be returned to Elanford for detailed radio- 
metallurgical examination. 

The variable braze thickness test, GEH-L-68, 69 and 70, has satisfactorily 
completed its second cycle of irradiation and is now in its third cycle. 
Five cycles of irradiation have been requested. 

Irradiation of the first full-sized NPR fuel element 
Outlet temperatures were 

The warp of the outer tube changed from 

The inner tube changed fro= 

Within the accuracy of the measurements, there 
No aD measurements were made 

Three supports were missing from the inner tube when 

It has not been determined whether the supports broke off 

The inner tube will not be irradiated 

When the fuel element was recharged into the reactor for the 

The irradiation is proceeding 

The over-all appearance of the fuel is good. 

Re-Irradiation Evaluation. Charts and file folders were made up showbg 
the progress of elements to be irrarfiated in the modified KER Loops 3 acd 
4. The file folders contain all the data which aas been collected on 
these elements to date. 
dimnsions, and chemical analyses; individual assembly, preheat., and ex- 

These data incluee: billet and component numbers, 

trusioa iflomation; 
tubes; dimensions of 

anmar orientations of coqonents and extryded 
elements before copper strip; warp measurements on 
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each element before and after heat treatment; special clad thickness 

measurements by eddy current showing the specific clad thickness at 60 
degree intervals around the element and at three positions along its 
length; and thermal expansion measurements on each of the elements to 
be used in the charges. 

The elements to be charged have been chosen on a basis of billet type 
and position in the extruded tube. Alternates have been selected for 
each charge in case of support or autoclave rejects. 
radiograph film is received on these elemnts, they will be autcclaved, 
and Sheffield warp and wall thickness measurements can begin. 
thermal expamion measurements were made by obtaining the change in 
length of the element between 25 C and 100 C in oil bath. The measi - 
ments gave an average coefficient of thermal expan ion of 13.0 x 10- 
per C on thirty-four inners tested, and 12.7 x lo-‘ per C on fifty-nine 
outers tested.. The coefficient for the outers seems to increase at the 
head end of the extruded tube, and the coefficient for both the outers 
and the inners seems to be at a minimum at the center of the extraded 
tube. These measurements show that the cladding restrains the expansion 
of the uranium, s’nce bare uranium has a coefficient of thermal expansion 
of about 18 x IC)-& per C. 

As soon as auto- 

The 

?? 

Pre-irradiation measurements of geometry, density and clad thickness 
were completed on the single tube element which is to be irradiated in 
the ETR, and the element was shipped to the reactor site. 
assembly which will hold the element in position in the loop was re- 
designed to provide radial support in the event the centering supports 
which are attached to the element fail during the test. 
was fabricated and shipped to the ETR. 
shape of the element were obtained with the Sheffield measuring machine. 
Processing of the data indicated negligible warp, ovality, wall variance., 
or departure from design diameters in the tubular shape. 

The basket 

The new assembly 
Measurements characterizing the 

Fuel Swelling. 
fuel temperatures in the range 400 - 470 C and an exposure range of 
1200 - 3600 MWD/T, indicates that fuel swelling from the theoretical 
minimum to the theoretical maximum at 1600 psi occurs in the temperature 
range 350 - 500 C. 
results from the gain of fission product atoms at the expense of fuel 
atoms and may be expressed, Theo.Mir,. $ AV = 2.5 (a/o B.U.). 
theoretical maximum swelling is that which results from the agglomera- 
tion of gaseous fission product atoms to form bubbles in the fuel 
material that are at pressure equilibrium with restraining forces. An 

expression for the theoretical maximum, considering KER loop coolant 
pressure of 1600 psi as the only restrainixg force, is 

An analysis of KSE fuel swelling data obtained for mean 

The theoretical minim swelling is that which 

The 

Theo.Max. $ AV = 2,5(a/o B,U, 1 + (a/. B.Ua)(4L0)(T~a)(14~7) 
(273 ) (1600 

= vol. mean fuel temp., absolute. 





to 1.8 - 2.0 ppm at 'midwall. 
reduced to within specification but that $he cycle time should be in- 
creased to reduce the concentration gradient. 

These data indicate that the hydrogen was 

Fuel Deformation Studies. Four cladding studies capsules were charged 
into DR reactor on January 7, 1962, and are performing satisfactorily. 
The temperatures at present are somwhat higher than those desired. 
Claddixq surface temperatures in three of the capsules is calc.J.ated 
at 330 C and in the fourth capsule at 400 C. 
equilibrium operating conditions, these temperatures will approach 
those called for in the test. 

When the reactor reaches 

Fabrication of components for a second irradiation test of fuel rods 
with non-uniform thickness Zircaloy-2 cladding is progressing. 
of the capsule parts is 90 percent complete. 
primary extrusion of the fuel is one-half complete. 

. 

Machining 
Preparation of billets for 

Six fuel rods clad with Zircaloy-2 were removed irom NaK capsules that 
were irradiated in the MCR. 
several cases to the point where uranium extr7idcd out of the split and 
came in contact with the capsule can wall. 
to have been ductile, but NaK residue prevented a close examination. 
Cladding surface teaperatures were in the range of 325-350 C. 

The cladding on all rods was split, in 

The cladding failures appear 

In order to formulate material models for reactor fuel elements, the 
mechanical behavior of both the fuel and cladding material must be known 
under the conditions encountered during reactor irradiation. Since the 
cladding is being strain-cycled due to the difference of the thermal 
expansion of the fuel and cladding materials, its resistance to in- 
creasing straining induced by the fuel material swelling must be deter- 
mined under incremental strain-cycling conditions. 
of an apparatus and an internal extensomter used to make such material 
measurements are completed. 
of the specimen during the compression portion of the straining cycle. 
In order to measure the resistance of the uranium to deformation and 
failure by strain-cycling, an in-reactor strain cycling capsule for 
uranium has been designed. Assembly of this capsule is completed. The 
analysis for shaped cylindrical fuel elements based on a fluid or 
viscous behavior of the uranium was described in HW-'70501. The results 
of this analysis indicated that minimal stress conditions occur in 
corrugated cylinders if the inner to outer arc radii of the corruga- 
tions are in ratios of 0.2 to 0.4. The values for these ratios de- 
crease when the arc length to base circle circumference and the number 
of corrugations decreased. 

Closure Development. 
of NPR inner tubes were hot headed on one end by the same heading tech- 
nique used for the hot headed projection welded closure. 
tubes will be used for the evaluation of other closure welding tec-hniques 
on the hot headed ends. These short tubes were contained in a full 
length heading container and the conLentiona1 heading dies were ased. 
The fuel elements were induction heated to 640 C for the heading 

The modifications 

An initial test was run without buckling 
, 

Approximately 100 short lengths (4-3/4 inches long) 

These headed 
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operation. 
thickened very satisfactorily. The ID Zircaloy-2 Shoulders, however. 
did not thicken above the ID cladding thiclaress. 
shoulders, while not desirable, may not be restrictive to the closure 
welding. 

Recent weld tests on NPR inner fuel with projection welded brazed 
closures are similar to results obtained on KER inner tubular fuel 
with the same joint configuration. 
weld shows the aD projection weld to have 100 percent fusion between 
the cap and cladding while the ID projection has small cracks on the 
inner Zircaloy surface. The difference in weld quality between the ID 
and CTD is caused by current distribution across the cap and may be a6- 
justed by contouring the movable electrode. 
obtained with a 30 to 36-inch radius electrode. The bond between the 
wedge shaped cap (75 degree included angle) and uranium is abetted by 
imersion plating copper on the Zircaloy-2 cap to form eutectic alloy 
with uranium. Formation of the copper-uranium alloy occurs early in 
the braze portion of the closure cycle which provides filler metal for 
voids caused by misalignment or machini. Non-uniformity of copper 
content and alloy thickness presents some question in regard to the 
physical characteristics of the bond, i.e., ductility, thermal shock 
resistance, strength and heat transfer. 
other characteristics have not yet been conducted. 
in the weld schedule and joint configurations have improved uniformit:.- 
of the eutectic alloy and thickness and further adjustment is also 
eqected to improve the bond. 

Continuing the work described in the last reporting period, the concept 
of forming self-brazed closures by passing heavj current longitudinally 
throuqh the assembled and end-welded fuel element was pursued further. 
To prevent distortion of the fuel element under axial load when it 
becomes plastic, a full length steel restraining die with a ceramic 
ixulathg liner was prepared, together with a pair of insulated copper 
electrodes to be attached to the heavy-duty Sciaky spot welder. An 
already welded and pressed fuel element with poor closure bonding was 
placed within the die and supported &xially between the two electrodes 
under about seven T pressure. Several pulses of high amperage currezt 
were passed through the element. 
indicated that the closure zones at 30th ends had been heated con- 
siderably more than the intervening body of the element, although 
neither end had attained a temperature quite sufficient to permit 
plastic flaw with diffusion bonding. 
with increased power applied. 

The Zircaloy-2 shoulders on the ClD of the hot headed end 

The thinner ID 

Micrographic examination of the 

Favorable results were 

Tests to determine these 3x16 
Slight alteration 

Subsequent examination of the elemexit 

The experiment will be repeated 

Fiber &tal Welding. Fiber metal welding techiques are being irvesti- 
gated for application to the fabrication of fuel element closures. 
Fiber =tal welding involves the use of thin mats made from small 
diameter fibers which may be placed between the fasing surfaces of 
parts to be joined. Although heat and pressure may be applied by 
several techniques to join the parts, resistance heating appears to 
have some advantages over other methods. These advantages accrue 
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generation which is a result of the in- 

2. 

herent multiplicity of high resistance contact surfaces. These mats 
may consist of one metal. or alloy, or they may contain combinations 
of metal or alloy fibers. Another variation may be a mat containing 
metal or alloy fibers which are impregnated with a lower melting alloy. 
The application of this process to the development of a fdly boxded 
end closure of the "hot-headed" type will be investigated. 

N Fuel Supports. Fatigue tests were started on vendor-produced N Reactor 
inner fuel tube supports to see if fatigue is a potential cause of 
support failure. These tests were started because of the occurrence of 
broken inner tube supports on an N Reactor assembly irradiated vertically 
in the EmJ disassembled and recharged into the reactor after the first 
irradiation period. Out of six supports tested through a cyc ic com- 
pression of 0.020 inch, four broke between 1 x 10 and 1 x 10 cycles. 5 k 

Demonstration of the inner support feeding mechanism for the magnetic 
force welders in 333 Building has been awaiting availability of inner 
supports in quantity. The supports have arrived. Tnese supports when 
welded with the weld schedule developed for ham? crafted sapports would 
not pass the shear test. The weld schedule has Seen modified and the 
sdpports are now showing an acceptable taagential shear strength mar 
800 pounds. 
uranium grain growth, or other undesirable properties resdting from 
the new weld schedule. 
strated. 
properly; howerer, the Jnit works well as a manually loaded single 
support feeder . 

Metallographic examination has shown no bond damage, 

The support feeding mechanism has been demon- 
The magazine section requires further work to function 

REACTOR PROGRAM 

Corrosion and Coolant Systems Development 

Diffusion of Water Vapor Through NPR CGre Graphite, 
rates were massed tflrough graphit? tliimoles of 5/8 and 5/16-inch thick- 
ness to s;lpplement earlier stzdies of a 1-1/8-ineh thick thimbleJ Mea- 
surements were made at several temperavmes and partial press'xes of 
water vapor. The effective diffusion coefficient for NPR core graphite 
was calculated TO oc between 0,l and 0,Ol cm2/sec, k&icatirLg f'aii.1;- 
high permeabiictjr of the graphite Tfie diffusion coeEiclerLt varied 
with i;o-ch graphite thicknesses and water .ra?cr conczntration ir, the hell-m 
indicating chemical reactions were sffectlnz <he uatzr traiisport rate. 

Fkperimental wcrk on this prcgram is cmcluded and will be s;u;lmariz?ci 
In a formal report, 

Water vapor -cranspzrt 

NPR Fuel bpture Testing A programer was installed OL TF-4 Loog to 
cai-r;. out rqt3.x-e tests at contrzlled moling rates. Che predzfectzd 
fuel elsxer-t, a coextmded KER inner tiA'xj was tesxd Lsinr; :he pi-o;rmer, 
The rupture was ini5iiatcd at 300 C &id zh start of the rnptur2 was de- 
temined with 9 :ij-drozen detector Aft2r 1J mrxtes a-c 300 ?, 'the %leiix%t 
was cooled using the NPR slaw cooidom ;-aTe. 
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by the alkaline permanganate still 
continues to be a problem, although the attack has been largely in- 
hibited by use of phenylthiourea. Since the principal action of the 
phenylthiourea appears to be as a chemical reducing agent, other re- 
ductants have been tested. Some compounds, such as sodium sulfite 
and formaldehyde, appear promising. 

Several chemical mixtures have been tested to evaluate their effec- 
tiveness for dissolving the uranium oxides in a reactor system after 
a rupture of a fuel element. 
for dissolution of reagent grade U% and dissolution of oxides from a 

Quite different rates have been obtained 

6 yses of the oxides from a rupture showed about 45-50$ U'+ 

50-554 U+ . 
Stress Corrosion Cracking of Brass Fittings on "C" Inlet Piping. Brass 
sleeves recently installed with Inconel front pigtails have shown a few 
failures. Samples of brass sleeves and nuts were tested in an ammonia 
atmosphere for 96 hours. 
were all cracked during this exposure, but neither the replacement nor 
the original brass samples from the reactor showed any cracking. 
new brass sleeves were found to be quite hard and "brittle". 
unexposed sleeves were broken by mechanical force, with less than 10 
percent deformation. 

Three reference samples of Admiralty brass 

The 
Several 

Structural Materials Development 

Pre- and Post-Irradiation Examination of Zircaloy-2 Pressure Tubes. The 
50 percent cold worked Zr-2 tube removed from KEII-3 after reactor service 
for-about two years has been examined and tested. A section of the tube 
subjected to an intermediate flux level exhibited a completely cold 
worked structure and no hydride platelets were visible. The miCi.0- 

structure duplicated that of the section fromthe high flux zone. 

Room temperature burst tests were performed on sections from various 
locations' along the tube. 

Internal Burst Hoop Stress, 
Locat ion PTessure, psi psi Fracture Type 

Unirradiated 16 700 108, ooo 90$ cleavage 

111 ., 000 Cleavage Rear Shield 17 ,900 
Low Flux 18,700 116? 000 Cleavage 
High Flux 18,300 114,000 Cleavage 

control 

Based upon visual comparison, the amount of bulging associated with the 

fracture of the irradiated tube sections was about the same as the un- 
irradiated sections; however, there was a difference in fracture appear- 
ance. The fracture of the control sample initially propagated through 
the wall by a cleavage mechanism and then progressed the length of the 
sample by a shear mechanism. 
the piece from the rear shield zone appeared to have propagated by a 
100 percent cleavage mechanism. 

Fracture of the irradiated tubes including 
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Room tenperature load-deflection curves for cmhiag r-s cut from 
various locations along the length of the t;iSe insicated an increase 
in strength for those rings subjected to neutron irradiation. When 
tested at 300 C, however, m significant difference was measured. 

Nonmetallic Materials Development 

Graphite Burnout Monitoring. 
since September 1960 were discharged recently from DR Reactor. 
results indicate that conditions have contributed to local high oxida- 
tion of the moderator, as shm by the data belar. 

Burnout monitoring samples in Channel 2577 
The 

Position of monitor from front 
of graphite stack, in. 

Measured burnout rate, $ per 
1000 operating days 

43 
47 
51 
55 
59 

160 
164 
168 
172 
176 

277 
281 
285 
289 
293 

0.46 
0.66 
1.42 
2.23 

3 -22 

16.91 
9.58 
8.25 
7 -05 
6.64 

0.43 
0.29 
0.22 

0.14 
0.06 

The data show that the oxidation profile has a sharp peak in the front 
half of the channel. 
latest monitoring samples from C, D, F, H and KE Reactors. 

Localized Oxidation of Full-Size Graphite Bars. 
visual inspection of the graphite in VSR Channel 47 at C Reactor duri.?g 
the early part of August 1961, it was noted that significant oxidation 
on some of the graphite blocks had taken place. 
this phenomenon are significant: 
on the ends of the bars rather than along the sides; (2) the oxidized 
area was usually circular and was most often located in the center of 
the ends of the bar; (3) the craters were estimated to range from 1/2- 
inch to 2-1/2 inches across and 1/4 inch to 1 inch deep; and (4) the 
sides of the craters were perpendicular, never concave or dished out. 

This same phenomenon has also been observed in the 

In the.course of a 

Several aspects of 
(1) the oxidation was substantial only 

The reasons for this type of localized corrosion have been investigated 
ia the laboratory, and it is concluded that impurities remaining in the 
graphite after manufacture were responsible for catalyzing the oxida- 
tion. A full-sized bar of F-purified graphite which had been used in 



an experinrent in the Thermal Test Reactor was obtained from the Reactor 
Lattice Physics Operation. 
crater about 1-1/4 inches across and 1/2 inch deep. After cutting the 
bar into 1/2 inch slabs perpendicular to the extrusion axis, the slabs 
were completely oxidized. The resulting ash patterns showed that: 
(1) relatively large amounts of a dark-red material, about 1-1/2 inches 
in diamter, were concentrated in the center of the slabs; (2) the 
intensity of the color and the quantity of the ash residue diminished 
progressively along the length of the bar to a distance of about 20 
inches from the end; (3) along the remaining length of the bar there 
was only a uniform deposit of the impurities. 
composition of the ash is not complete yet. 

NPR Graphite Irradiations. 
long-term irradiations for proof testing of NPR graphite has success- 
fully completed its first cycle of operation. It is being irradiated 
in a guide tube in the D-7 position of the General Electric Test Re- 
actor. The Number 4 thermocouple failed a few hours after startup of 
the second cycle of irradiation, but the other eight thermocouples are 
operating satisfactorily. 
along the length of the capsule. The capsule contains NPR graphite 
samples removed from three positions (center, midway, and edge) cut 
transverse to the extrusion axis of the bar to determine whether bar 
edge effects are present. 
NPR graphite; transverse samples of TSGBF graphite; and CSF graphite 
used as a reference material at each sample position. 

In the center of one end of the bar was a 

An analysis of the chemical 

The first capsule, H-4-1, in the series of 

Sample temperatures vary from 350 C to 750 C 

Also being tested are: parallel samples of 

The second capsule, H-5-1, containing NPR graphite was installed in the 
F-7 position of the GETR on January 8, 1962. 
are operating satisfactorily. Sample temperatures vary from 325 C to 
750 C and agree within 15 C with the corresponding sample position in 
the H-4-1 capsule. 

All nine thermocouples 

Several modifications were made to the H-5-1 capsule and its supporting 
in-core beryllium filler piece just prior to reactor installation. 
These modifications were necessitated when a wear pattern was observed on 
the prototype dUEpy capsule that had been in operation for one reactor 
cycle. 
capsule and the filler piece were replaced with 304 stainless steel 
surfaces. A collar was slipped onto the dunrmy capsule to eliminate 
further wear and the capsule was reinstalled in the GETR to serve as a 
prototype for the thermocouple leadout system of the H-5-1 capsule. 

To alleviate this problem the aluminum wear surfaces.on both the 

Surface areas and helium densities have been determined on four samples 
of TSX and two samples of CSF graphite to be exposed in capsule H-6-1, 
which is scheduled to be charged into the GETR on March 12. 

Irradiation Damage to Plastics. A complete equation for carbonyl for- 
mation in gamma irradiated polyethylene has now been achieved with the 
addition of an empirical relationship 
and the dose rate. The equation is: 

between the diffusion coefficient 



wnere A is the optical density of the carbonyl at /V 1720 cm-l, C, / 
and k are constants, r is the total gamma exposure, dis the dose rate, 
and L is the sample tkiclness. (3 is given by 

where the reaction probability factor, a is given by a = fd arid 

It has been shown that Do can be taken as the value of the diffusion co- 
efficient (for oxygen) in the unirradiated pol;mer. 

Thermal Hydraulic Studies 

Heat Transfer Conditions for Eccentric Annuli. 
tinued to determine the heat transfer conditions when fuel elements are 
not situated in a coaxial position within the process tube. 
applicable to I= fuel elements were obtained using two different test 
sections for the case of 755 eccentricity. 
the fraction of the normal annulus thickness that the fuel element is 
displaced from a coaxial position toward the wall of the process tube.) 

One of the test sections consisted of a 13.6-inch long electrically 
heated rod, 1.304 inches in diameter, placed within a 1. j&-inch glass 
tube. 
sulated so that heat was generated only in the rod. 
were observed and recorded with nigh speed motion pictures at several 
pressures and water flow rates. 

Boiling invariably started between the support strips and the rod where 
the water was relatively stagnant. The bubbles would be forced out into 
the annulus where they would be swept downstream where they condensed in 
the subcooled water. 
became more vigorous, the bubbles would collect together forming large 
areas of steam which would be swept downstream. 
flux was increased until boiling burnout conditions existed. 
case, film boiling began underneath a support strip and then spread to 
cover a region about four inches long and 1-1/2 inches wide before the 
power was reduced to prevent overheating the test section. 
cluded from the obsenations that should the supports on fuel elements 
become crushed so that the fuel element lies eccentrically within the 
process tube, considerable boiling will take place beneath the sapport 
piece. This would no doubt decrease the boiling burnout safety factor 
and would possibly influence the corrosion rate. 

Experixllents were con- 

Data 

(Percent eccentricity is 

Metal support strips fastened to the rod for spacing were in- 
Boiling conditions 

As the heat flu was increased and the boiling 

In one case the heat 
In this 

It was con- 



In a separate test section, boiling burnout was investigated with a 
model simulating four fuel pieces, 75 percent eccentric in a C overbore 
process tube. 
represents the annulus flow conditions in a central zone tube) boiling 
burnout was encountered when the heat flux was increased to 715,000 B/hr- 
sq ft at a bulk water temperature 122 F below the boiling temperature. 
In this case the boiling burnout conditions were not detected soon 
enough and a hole was melted in the test section. 

At a flow of 41 gpm and a pressure of 141 psig (which 

Beat Transfer Characteristics of NPR Fuel Elements. The studies to de- 
termine the boiling burnout conditions for the NPR tube and tube fuel 
elements were continued. The data obtained last month with a 46-inch 
long electrically heated test section simulating the outer heating 
surface was compared with previous data. 
showed close agreement with data from a test section of identical cross- 
section geometry but only 23 inches long. 
2,000,000 lb/hr-sq ft the burnout heat fluxes for these two test sections 
were lower than those obtained for test sections simulating the middle 
flaw annulus and the center flow channel. On the other hand, at flow 
rates below 500,000 lb/hr-sq ft the burnout heat flux for the outer flow 
annulus was slightly higher than that for the other two flaw channels. 
No reason for this difference was apparent. 

It was found that the data 

At mass flow rates above 

All of the boiling burnout data for the NPR have been obtained with the 
test sections in a horizontal position., 
these data with results of investigations at other sites, one of the NPR 
test sections was installed in a vertical position. Forty-one boiling 
burnout points were obtained for vertical flow through an electrically 
heated test section identical to one used in a horizontal position to 
obtain data for the center hole portion of the NPR fuel elements. 
data, obtained at 1500 psig and various flow rates, compared closely 
with the data from the horizontal test section. It was concluded that 
gravity has little effect on the steam-water flow patterns influencing 
boiling burnout for the conditions studied. 

In order to better compare 

These 

Hydraulic Work. Laboratory data were obtained which showed that a Van 
Stone seal insert could be modified to reduce flow in an empty BDF tube 
during chemical cleaning of the rear header fittings. 
placing some masking tape over the outlet ports of the Van Stone seal 
insert resulted in the desired flow rate, 
relatively high pressdres put on it previous to the chemical cleaning 
operation and would also permit about 754 of ordinary empty tube flow at 
full header pressure in case the device should be left in the tube in- 
advertently after the cleaning operation. 

It was.found that . 

The tape would withstand the 

Shielding Studies 

The neutron and gamma distributions through the lo5 DR bulk shielding 
facility using ferrophosphorus concrete (the composition used was that 
obtained after the concrete had been baked at 300 C for three weeks) 
as the biological shield was calculated using the shielding code. The 



thermal nextron fluxes compared with eqerimental res;llts within a 
factor of two. 
revealed tbe neutron spectrum to be dodnated by the "l/Z" energy 
rarqe due to the low hydrogen and high iron content. Because of this 
type of spectm the the- flux massed Yith gold foil is reall:.' c 
flx: between thermal and the cadmi-an cutoff (about 0.4 ev). 
vation of a bare gold foil is: 

A study of group fluxes (from10 mev to thernal) 

The ani- 

and the activation of a cadmium-covere6 gold foil is 

so that 

.4 ev 
When the cadmium ratio (I/Ia) is high, then the quantity#( 

LLl 

adds little to the thermal maxwellian activation. When the cadmi*m 
ratio is low, this same quantity adds a very significant amount to 
t!ie thermal activation. 
computer program. If the calculated mwellian flux (0 E .07 et.) 
is cornpared with the thermal flux determined experimentally, the calcu- 
lation is low by a5out a factor of ten. However, if the fluxes from 
0.4 e-; to tnermal are added to the maxwellian flu, there is less thzn 
a factor of 1.j diflerence in most cases. There remains a questioa as 
to now well the gold foil is calibrated when the cadmium ratio is lox. 
lrne gamm calc-dation agreed within a factor of two with the experimental 
results. A gamma calculation was also made for the iron-masonite con- 
figuration. 
very closely, to within a factor of two. 

This point was very nicely brought out by tbe 

Again, the calculations reproduced the experimental data 

B. wms - 3000 PROGRAM 

Research and development in t!ie field of platonium metallurgy continued in 
support of the Hanf'ord 234-5 Building 0pe:ations and weapons development 
prcgrams of the University of CaliTornia Lawrence Radiation Leboratory 
(Project Whitney). 
distribution lists appropriate to weapons ae\-elopnaen-l work. 

Details of these activities are reported separately via 
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C. REACTOR DEVELOPMENT - 4000 PROGRAM 
1. PL~IUMRECYCLEPROGW 

Component Testing and Equipment Development 

PRTR Components. A test to determine the reactioc. of aluminum in 
cadmium sulfate solution was conducted by Chemical Wtallurgy Operation. 
Aluminum coupons (Type 606~~6) were immersed in a strong cadmium 
sulfate solution having an initial pH of 3.6. 
at room temperature. 
made : 

Solution was maintained 
After a month? the following observations were 

a. 

b. 

c. Same cadmium metal was precipitated aut of solution. 
d. 

Coupon weight loss was equivalent to a corros-lon rate 
of one mil. 
Coupons appeared to be plated with a uniform thin layer 
of cadmium. 

Solution pH increased to about 4.5. 

A liquid poison shim rod system consisting of cadmium sulfate in 
aluminum housing tubes does not appear to be practical. Additional 
laboratory tests will be made, however, to determine possible means 
of inhibiting the platirg; and precipitating reactions. 

Design of the Environment Control Test Assembly for shim rod evaluation 
has continued. Design is approximately 50 percent complete. 

Plutonium Recycle Critical Facility Components. 
was encountered when aluminum threaded connections in the PRCF fuel 

Considerable difficulty 

element transfer thimble were backwelded. After many attempts and with 
the assistance of a welding consultant these connections were made leak 
tight. Two threaded connect.ions between stainless and aluminun pieces 
continued to leak. A new block die has been ordered and it is antici- 
pated that use of this new die will make a ieak-tight connection 
possible. The new block die is due for delivery in early February, 
1962 

Fabricaticr? and assembly of all three PRCF control rods is complete. 
Considerable difficulty was encountered with aluminum welds during 
the hcusing leak test. The control rods are now ready for reactor 
installat ion 

One PRCF safety rod is complete with cadmium plated tube. 
this assembly is being continued in ac effort to uncover and correct 
unforeseen problems pending receipt of the cadmium plated safety rod 
tubes for the remaining twc~ safety rods. The latest delivery promise 
for these two tubes is February 1, 1962. After receipt approximately 
one man-week of electrical work and one man-week of machhist work will 
be required to complete +,he safety rods. 

Testing of 
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The adJustaole veir has been returned i'rom the' reactor for the installa- 
tion oA an adJustalle mechanical stop to limit weir travel. 
justable stop is bein& designed and it is scheduled that the weir 
assembly be retunmi to the reactor by February 6, 1962. 

Gas Loop Cmponents. 
conrpleted. 
eighteen thermocouples attached to it. These thermocouples will give s 

temperature pattern from inlet to outlet of both the inner t-de and tie 
pressure tube. 
completes all Gas Loop work assigned to the Equipment Development 
Operation 

This ai- 

Assembly of the in-reactor inner tube has been 
This tuDe, which is to be used in the "B" cell mockup, has 

The assenibly has been delivered to the reactor. This 

Rupture Loop Components. 
in the Phase I Test Loop pressurizer disclosed three welds with pin 
holes and me ruptured calrod. 
and the pin holes repaired. 
be acceptable. 
but progress is impeded by the improper fitup oZ parts already made. 

304 Laboratory lbdificatians. To obtain additional testing and mockup 
space and to provide better access to the Phase I loop control and 
hstnrment panel, the F'hase I1 loop, which was used for testiag a full 
size PRTR priraary pump, was dismantled and removed. 

Pressure testiw of the calrod installation 

The ruptured calrod has been replaced 
The unit was pressure tested and found to 

Assembly of the in-reactor test section has been started 

To provide nore general and descriptive names for the laboratory 
facilities, the FPJ!R Single Tube Prototype Facility or Phase I Loop 
has been renamed Equipment Development Experimental Loop I (EDEL-I). 
Tne small Flexure Loop shall be designated EDEL-2. 

PRTR Technical Assistance 

The new and revised drawings for relocating the PRTR helium bottle 
manifolding (including dryers, filters, makeup control valves, etc.) 
were completed. 
gas bottle storage shed off the 309 W Building were completed. It 
is planned to issue two separate Dtsign Changes covering these modifi- 
cations. 

Also, the new and revised drawings for modifying the 

Continued assistance was given Technical Planning Operation, TRAO, 
during the month. 
sixth reactor refueling, providing operational physics information 
and planning experimental programs for 1962. 
critical test results was compl-ated except for some additional appendices 
and graphics work. 
with more accurate delayed neutron data. The final results now appear to 
be approximately twenty percent lower than tic preliminary reactivity 
values reported. 

Principal activities consisted of planning the 

The final report on PRTR 

All startup reactivity results were recalculated 
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Hazards Analysis 

PRlTR Process Specifications. 
and approved during the month. 

Two PKlTR Process Specifications were revised 

Plutonium Recycle Critical Facility. Procedures have been developed to 
limit the excess reactivity available at the PRCF console. A review of 
the experim?nts planned for the critical facility has shown that nearly 
all of the experiments can be performed with no more than one dollar of 
excess reactivity available at the console. 
greater excess reactivity, the maxim which will be needed is two dollars. 
In some of the planned core loadings the reactivity worth of a FRlX Pu-A1 
fuel element assembly can be relatively large, 1 to 10 dollars. There- 
fore, when loading to critical it may be necesssry to charge individual 
Pu-A1 rods to met the one dollar excess reactivity criterion. 

For those tests requiring 

The maxim height to which the moderator level can be raised fromthe 
console will be limited by an adjustable mechanical stap on the weir 
elevating mechanism. This mchanical stop will be adjusted in the re- 
actor cell before the moderator is raised and will be adjusted to limit 
the total available excess reactivity inserted by raising the moderator 
or withdrawing the control rods to one dollar. In addition to control- 
ling the amount of excess reactivity available, design and procedures 
will limit the maximum rate at which reactivity can be increased. 

Plutonium Fuels Development 

PR!L'R Aluminum-Plutonium me1 Elements. The six low exposure plutonium 
spike fuel elements for measuring radial and axial flux patterns within 
a cluster have been delivered to the PRTR. Six similar elements will be 
required with the high exposure plutonium loading; however, the fabri- 
cation is expected to be much less complicated in that special zirconium 
alloy (Zircaloy-2 - 1 w/o cobalt) spacing wires will be used for moni- 
toring purposes. 

The fuel element rods for the final six low exposure spike fuel elements 
are being prepared for cluster asszmbly. 
Mark I-H aluminum-plutonium elements fabricated for the PRTR: 

This will make a total of 67 

Fabrication has begun on the aluminum-plutonium spike fuel elements con- 
taining high exposure piutonium (16.5 a/o Pu-240). 
the same reactivity as the low exposure spikes the enrichment has been 
increased as follows : 

In order to furnish 

222% $ 240 Grams of Plutonium/Cluster 

Low exposure spike 6,o 
High exposure spike 16.5 

263 
378 

Tubing for approximately forty 19-rod clusters has been received from 

machining, and welding of the first end cap is in process. 
' inspectLon and normal preparation of identifying, cleaning, gaging, 
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One hundret! thirty-four Al - 2.6 w/o Pu - 2.0 w/o Ni billets were cast 
from the Al-Pu nester alloys previously made. The plutonium contained 
16.46 w/o Pu-240. 
clusters; remelting the scrap generated in subsequent fabrication will 
yield an aciditionai three clusters. 
was 96 percent, 4 percent of the plutonium was lost to crucible skulls 
and flux. !%e usual loss to crucible skulls is 3 percent so that the 
incremental loss in going through the Pu@-cryolite reduction process 
was 1 percent. 
covered by chemical reprocessing. 

The 134 billets are sufficient material for 14 

From Pu% to cast billet the yield 

The plutonium content in the crucible skulls is re- 

Irradiated hrel Element Inspection. 
elements were inspected in the PRTR storage basin during the last re- 
actor outage. 
seem to indicate that the rod shortening is a function of at least three 
things : 

Four aluminUm-plutonium spike fuel 

The results of all the data taken to date (Table I) 

1. Thermal cycles 
2. 

3. 

Minimum diametrical gap between core and cladding at 
roam temperature 
The effectiveness of the cluster banding in maintaining 
a straight-line movement of the rods during thermal 
cycling 0 

In the upcoming high exposure plutonium spike fuel elentent fabrication 
the di-trical gap will be increased one or two mils and the number of 
strip type bands will be varied between six and eighteen. An improve- 
ment was made in the gage for measuring rod length under eight feet of 
water. 
dimensions whereas the previous method required reading the scale under- 
water; accuracy is * l/&-Fnch now versus ? 1/16-inch before. 
the elements (5061. and 5070) were clusters which have operated since the 
first core loading and were rebanded underwater following the corrosion 
incident. The other two elemnts (5086 and 5087 were charged in 
Septeniber 8s experiments to eliminate the wire’ loosening problem. 
Cluster 5086 had an increased cold gap between core and cladding and 
5087 used graphite coated cores.. 

The new gage can be brought above the water for reading the 

Two of 
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TABLE I 

m. Avg . 
wire Rod 

Gap D L 

3/16" - (e 19) 

Esrposure 
and 

26.4 WD 

Fuel 
ElePlent 

NO 

5061 

Type 
Bands 

Inspect ion 
Date General Observations 

9/27/61 Wire Maximum gap between wire 
and rod 3/16" at center of 
cluster. Some wires show 
'no gap tarard ends of 
cluster. 

314 

Wire wraps loose 1/16'' at 
ends of cluster and in- 
creasing to 1/4" in the 
center. All scratches on 
element show white corro- 
Si00 product. 

1/ 16/ 62 58.7 MUD 

76 

1/4" -(02) - 5061 Wire 

3/16" - ( 1 ) 

1/4" -(-16) 

9/27/61 

1/16/62 

Gap varies from 0 at ends 
to 3/16" in the center. 

Wire gap maxirmun of 1/4" 
in center of cluster and 
decreasing to no gap in 
the first 2' from each end. 

5070 

5070 

25.2 m 
36 

Wire 

Wire 55 rn 

65 % 

12/ 6/ 61 

1/17/62 

None +(.04) Strip 

Strip 

Over-all cluster appear- 
ance excellent. All wires 
tight 

1/64" +( 03 ) 5086 Same appearance as above. 
All wires appear tight 
except for one wire in the 
center of cluster which 
has 1/64" gap. 

5087 12/6/61 22.9 MWD 1/64" +( .O3) Strip All wires' tight except .in 
the center where thae is 
1/32" gap in two wires. 
General cluster a-ppear- 
ance very good. 

274 

5087 1/16/62 28.3 MWD 1/32" Strip All wires loose in the 
center of the element with 
1/32" gap; toward ends 
only 1/64" gap, Corrosion 
appearing in scratches 
and where nuts were staked. 
Rod leraths varied with 
some shortenirg and some 
lengthening 

335 
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Phoenix Experiment. The Phoenix czpsule (GER-21-1) containing piutonium 
wi*& 6.25 W/G Pu-240 has now completed its third cycle of irradiation in 
the KCR and reactivity measureaents Will be made follar-ing an adequate 
cooling period. The capsille containing plutonium with 10.33 w/o Pu-240 
(m-21-5) has successfully coxuplezed its seccnd cycle oi' irradiatLcn. 
Sone difficulty was encountered in removing capsule GEX-21-9 (27.17 w/o 
Pu-240) from its holder iollowing the second cycle of irradiation and 8 

hole was inadvertently cut tbrough tne ciaddin& rrith tke underwater hack- 
saw. A spare capsule containing identic& sample material was sent to 
the as a replaceEnt and pre-irradiation reactivity measurements were 
made. The irradiation scheduling of Lhis sample will be such that the 
total exposure of each sample in the group of three will be about the 
same. It was planned to make a fourth irradiation sanrple using plutonium 
containing about 40 percent Pu-240 wnen such material became available. 
The shipment in which this material was to have been included has arrived 
and no plutoniumwith this high a Pu-240 content was received. 
of this material is being investigated. 

The status 

Altm;inum-plutonium-boron alloys have been made for use as ARMF poison 
standarcis in connection with the Phoenix experimnt. 
chemical analysis difficulties have been encountered t*hrou@out this 
effort. 
problems have been alleviated. 
content of this material be accurately determined for use as ARMF 
standarcis. 
in an attempt to accurately determine the boron content and homogeneity 
of the material. The reactivity effect of the boron vi11 be determined 
by comparing measurenients made on aluminum-plutonium ad alunirm-plutoai 
boron alloys. 

Alloying and 

By the use of aluminum-boron master alloys, many of the allom 
It is essential, however, that the boron 

Reactivity measurements of the alloy will be made in the PCTR 

Irraciiation Testing. 
has completed its irradiation of 23 full power days in the bi3 3x3 loop. 
This amounts to an average exposure of about 440 MWD/T or a maximum of 
about 800 MWD/T. Tne element which is 42 inches lo= was enriched witk 
plutonium which contained 16 w/o Pu-240. The U@-Pu@ he1 rods were cold 
swaged to 89 percent of theoretical density using swageable type end caps, 
therefore, there was no end clearance between the end cap and the ?del 
material. The maxirun heat flux was about 345,000 Btu/hrLft2 and tne 
maximum calculated core temperature was 1850 C. 
Hanford for examination. 

A U%-Pu@ PKllR prototype seven-rod cluster (GEH-11-7) 

It will be returnea to 

An injection-cast .set-en-rod cluster (GEH-11-6) contabing Al - 2.53 w/o Pu - 
2.0 w/o Ni allcy core material is being irradiated in the ETR 3x3 loop. 
Because of difficulties with the loop, it has acc-aulated only one full 
power day of irradiation time. 
thermocouples on the experiment were destroyed and no parer generation 
determinations were made. 

As a result of the loop difficulties, the 

The U@-Pu@ cosine enriched seven-rod cluster elemeat (GEH-11-8) has 
been cmleted and sent to the ETR for irradiation. 
was varied in such a way that the element will generate about 84 hw/ft 
along its entire length. 

The Pu@ enrichneat 

Irradiation is scheduled to commence abot the 
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third week of February. 
and MgO-Puo;! have been sent to the MTR/ETR for irradiation. 
is scheduled to commence during cycle 169 on January 29. 

Sixteen irradiation capsules containing Zr%-Pu% 
Irradiation 

Radimtallurgical examination continued on the UOpPuQ seven-rod 
cluster (GEE-11-3) which had sintered and ground pellets as the core 
material. 
which permitted an examination of the core material. The U@-Pu@ core 
in all of the rods was cracked. The cracking was general and random in 
direction. Most of the fie1 rods showed very little, if any, recrystalized 
grains while the core material in one of the rods, which was presumably 
closest to the center of the reactor, had recrystalized and fomd large, 
equiaxed grains in the center. This phenomenon was predicted for high- 
density sintered pellets operating in the 1600 to 1800 C temperature 
range. 
predictions for this material were good. 

The irradiated Zircaloy-clad capsule (GEH-14-27) containing an Al - 
2.1 w/o Fu - 2.0 w/o Ni alloy core and fabricated by injection casting 
was rechsrged into the MCR. 
four requested additianal reactor cycles on January 29, 1962. 
posure for the capsule is a minimum of 50 percent burnup of the plu'ionium 
atoms. 

All seven rods were sectioned at the center of the element 

These observations indicated that the calculated core temperature 

The specimen will complete the last of the 
Goal ex- 

The eleven discharged high and low density UCQ-PuQ capsules are cur- 
rently being examined radiometallurgically. 
tions made to date are shown in Table 11. If it is assurned that the 
physics calculations and flux measurements are correct, then there is 
some indication that the thermal conductivity of the U@-Pu@ improves 
with increasing Pu@ concentrations. 
specimens were shaped as follows: 
(approx. 1/4 inch diameter) over specimen length; (2) GEH-14-21, smooth 
teardrop contour and located near one end; (3) GEH-14-66, smooth teardrop 
contour and located near one end; (4) GEH-14-65, highly irregular surface 
with teardrop contour and located near one end, and (5) GEH-14-82, small 
void (details unlmown). 

The four specimens (GEH-21-13, 14, 15 and 16) each containing'UOp0.154 a/o 
Pu% and U% (1.00 a/o U-235) pellets, for the tests in the VH-4 Hydraulic 
Rabbit Facility at the m, will be charged during the present MlTR Cycle 
168. 
for the VH-4 Facility. The final test proposal (IIW-72287-RD) was com- 
pleted and is being prepared for issuance, It appears now that during 
irradiation, the capsules will have a specific power of 20 kw/ft and a 
core center temperature of about 3600 F (2000 C). 
texperature will be increased by about 90 F (50 C). 
continued on ICARUS (high specific power Rabbit Test), HELIOS (in-reactor 
temperature measurements), and ARGUS (in-reactor fuel element property 
measurements ). 
Experiment is currently in progress. 
were completed and delivered. 

The results of the stamina- 

Tile central toid formations in the 
(1) GEX-14-22, smooth and unii'om 

The delay was caused by modifications in the reactor safety circuit 

During discharge the 
Preparatory work 

Fabrication of two complete assemblies for the ICARUS 
The flow tube mockup coqonents 

The design wcrk on the HELIOS Ekperircent is 
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continuing. 
feasibility of proposed thermocouple assembly. 
interest in preparing the initial. model. The exploratory work on the 
ARGUS Experiment is continuing. Of the replies received from a number 
of vendors with respect to the proposed off-site development work, it 
appears at present that only one is fully capable of accomplishing the 
req-&red equipment development. 

Oxide Fuel Development. 
cosine enriched irradiation cluster. 
given a fluorescent penetrant examination prior to assembly. 

High exposure Pu@, to be used in the fabrication of 19-rod PRTR clusters, 
was calcined at 950 C for two and one-half hours. 
loss for the oxide follmine; this calcination was 2.70 w/o. 
oxide was screened; the +325 mesh particles and agglomerated material were 
ball-milled and recalcined. 
and Pu analysis. 
normal fused Uo;! for use in the incremental loacing procedure. This 
blend contains 4.05 w/o Puo;! which will give a fuel core content of 
0.45 w/o Pu@ when diluted with the coarse U@ increment. Variations in 
finished length of swaged compacted fuel elements are caused by variations 
in the Zircaloy tubing in which the wall thickness may vary ten percent. 
Close control of the weight per unit length of individual Zircaloy will 
permit greater control of the fuel rod length after swaging. The tubing 
has been weighed and classified into weight classes for further processing. 

Contacts were made wit'n vendors to determine construction 
One vendor indicated m 

Fabrication was completed on the seven-rod 
The fuel rods will be x-rayed and 

The resultant weight 
The calcined 

Samples were taken to determine O/h ratio 
The Pu@ (-325 mesh) is beix blended with -325 mesh 

Development of oxide fuel elements by vibrational compaction continued. 
Adequate fuel densities have been obtained with U@ rods and methods 
were developed for safely handling %@-bearing fuel rods. 
periments indicated a non-unir'orm distribution of fines (-325 mesh UO;) 
along the length of fuel element. Current fabrication procedures yield 
Uo;! rods in which the distribution of fines shows a variation of f 154 
of the mean for a six-inch sample length. If %o;? is added in a physical 
mixture with -325 wsh Uo;?, it would be expected to follow a similar dis- 
tribution pattern. 
bution in vibrationally compacted rods is continuing. 

However, ex- 

. 

Further evaluation of the expected plutonium distri- 

UCQ Fuels Development 

PRTR Fuel Elements. 
had been accidentally damaged during discharge, were inspected during 3 

reactor outage. 
of wire wrap loosening or surface damage. The damaged element, No. 1051, 
showed severe surface abrasion on six rods, approximately 32 inches from 
the bottom end. The abraded section was approximately six inches long and 
it is estimated that the Zircaloy had been removed to a depth of 0.010 to 
0.020 inch. The outer wire wrap was also broken. 
be recharged into the reactor. 

Three special test fuel elements (-Jijiationally coqacted 19-rod clustey , 
hot swaged 19-rod cluster, and vibrationally conrpacted nested tubular 

Two PRTR 19-rod cluster fuel elements, one of which 

The undamaged element, No, 1054, revealed no e7:idence 

This element will not 
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t;iDular asseniDly) opergted satisfactorily zt full pmer in the PRTB. 
Tae nested tubular fuel element was mved into a different rezctor 
tube, to increase the heat generation rate by d5O percent. 
generation of this element was 1,OU KW during opxation of the reactor 

Tne heat 

at 70 w. 

Remote Fabrication Studies. 
element remote fabrication studies was cocrplezed an6 vibrational com- 
paction equipment installed. 
(161 lbs) suspended from a vibrating resonant beam sustained no ex- 
ternally visible damage (except failure of one shear pin) during vibra- 
tion between 200 and 3600 cps at accelerations to 60 g. 
continue to determine the feasibility of remotely conpacting recycled 
fuel into pre-assembled and tested cladding assemblies. 

Hot Swa~ ing. 
rods for fundamental studies by hot-swaging fused U@ in heavy wall 
stainless steel sheathing. 
0.750 inch (BD, 0.035 inch wall Zircaloy or 1.25 inch aD, 0.035 inch wall 
steel tubing. After cold-swaging to approximately 0.67 inch OD, the =-- A ,el 
rods were inserted in 1.00 inch a, 0.140 inch wall stainless steel 
tubing, cold swaged (one pass) and hot-swaged (5 passes) to 0.563 inch a 
at-900 C. 
elongation normally encountered in hot swaging. 
this hot-swaged U+ revealed an extremely hard core having the appearance 
of a sintered pellet. 
drill through the fuel core. A series of spiral fractures throughout the 
Uo;! probably indicate that the 

with further redxction simply causing the bonded Uo;1 to fracture. Fuel 
rocis with thin wall cladding (0.008 inch stainless steel) also were hot 
swaged. No appreciable damage to the cladding occurred. The major 
problem involved loading of tae U@ into the tube. 

Vijrational Coxqaction Studies. POrous, fused U@ (95 percent bulk 
density) was vibrationally compacted to 88 percent TD. 
to a compaction efficieacy of 93 percent, which is the highest thus far 
reproducibly achieved. 
high intensity vibration is believed to be a possible explanation for 
this improved vibrational compaction result. 

metic Force SAP Welding. Elevated temperature Tensile tests were 
per2ormed on fuel element end closures completed uith SAP material. 
Ultimate stresses were 38,200 psi at room temperature, 29,200 psi at 
200 C, and 12,700 psi at 400 C. 
material and at the welded joint, indicating approximately equal strength 
in the base material and in the weld. 

Construction of the enclosure for fuel 

An assembled bkrk 11-C fuel element 

This study will 

Fuel densities of 96-97 percent TD were obtained in fuel 

The fuel rods initially were clad in 

The heavy wall cladding drastically reduced the amount of 
Visual examination of 

The hardness of the U@ made it very difficult to 

swageable density was achieved, 

This corresponds 

Shattering of porous agglomrates during The 

Failure occurred both in the tube 
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Corrosion and Wterials Studies 

PIiTR Activity Monitoring Program. 
mine the behavior of radionuclides in the PRTR. 
the program early to obtain infomation concerning changes in film, crud 
and activities as functions of pRTR operation. 
program, consisting of a complete measurement of activities in different 
parts of the system, has been outlined. The preliminary description of 
a mockup tube, necessary for these studies, was given to PR'J3 personnel 
for comments. 

Secondary System Coolant Quality Control. A study showed that the present 
raethod of operation of the secondary system coolant quality control equip- 
ment is unsatisfactory because possible stress corrosion conditions exist 
in the heat exchanger and possible caustic embrittlement conditions exist 
in the boiler. 
would make it practical to eliminate caustic embrittlement conditions in 
the boiler but would not significantly redxe the possibility of stress 
corrosion in the heat exchanger. Possible methods of eliminating - boYn 
undesirable conditions include (1) split-stream soltening with hydrogen 
and sodium zeolites followed by degasification, and (2) acid injection, 
degasification and neutralization with caustic soda. 
the former is the most attractive from a technical aspect while the latter 
is somewhat more economical. 

Inspection of the PRTR Steam enerator. The secondary side of the main 
steam generator (HX-1) was entered the last of December and a sample of 
Scale from the tubes was collected. 
generator was not made because-of a field of 200 mr/hr emanating from the 
primary side, some pitting of the carbon steel components was noted, The 
corrosion coupons were not removed. 

A program is being developed to deter- 
It is necessary to start 

The first part of the 

Conversion from 300 Area water to Columbia River water 

Of these methods 

Although detailed exmnation of the 

The scale 5ample was analyzed by x-ray diffraction and emission spec- 
troscopy. The major constituents found, in th2 order of decreasiq con- 
centration, were Si, Mg, P,.Fe, Cu, and Al. Interpretation of the x-ray 
analysis is incomplete bat indicates silicon dioxide and complex calcium 
and magnesium phosphates. 
but an inner dark laTyer was firmly attached. 
was not determined. 

Heat Treating of Zirconium Oxide Films. 
for 28 days in 400 C water vapor. 
then carried out at 510 C for 5, 20 and 60 minutes and at 600 C for 5 and 
60 minutes. 
noticeably lighter in color dud to considerable dissolution Oi' The oxide 
under these conditions. 
differences in sample appearance. 
additional five days following heat treatment. 
at 600 C for 60 minutes showed abnormally high weight gains. 
for all other heat treated specimns were similar to or smaller than weight 
gains of nonheat-treated control samples. 
vestigators (WAPD-lO-T-lO78) heat treated Zr-2 specimens Tor 40 end 60 

The bulk scale was easily scraped from the tubes 
The thickness of these layers 

Zirconium coupons were autoclaved 
Vacuuu heat treating of the coupons was 

Films on samples heat treated for 60 minutes at 600 C were 

The other heat treatments did not produce cbvious 
The samples were a1J;toclaved ;'or an 

Qnly the samples treated 
Weight gains 

For comparison, o;'l-site in- 
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.. 
&Utes at 590 C and oSserv2d z'onoi-mlly high weight gains in subsequznt 
corrosion testing. 

Corrosion of Stainless Steel and Nick1 Sese Alloys. 
eqosure in 550 C 300 psi steam the corrosion rates for stainless steels 
and nickel base alloys teste& appear to fall into Tour separate groups. 
An experimental Fe-Cr-Al alloy (5.6$ Al, 24$ Cr), Hastelloy "X", Incoloy, 
Inconel "X", PDKL-102, and 4.46 stainless steel corrode most slowly, pene- 
trations ranging from 0.01 to 0.04 mil. 
Fe-Cr-Al-Y alloy (35b Al, 25$ Cr, 1$ Y) are slightly higher than the first 
group at 0.07 mil. 
steel exhibited similar corrosion penetrations of 0.2 mil. The remaining 
two heats of 406 stainless steel (Allegheny Ludlum and Weldrawn Tubing), 
and 430 stainless steel corroded the most, 0.3 mil. 

A comparison with previous results obtained for some of these alloys in 
500 C, 1000 psi steam suggests a slight reduction in corrosion at the 
higher (3000 psi) pressure. 

Stress Corrosion Susceptibility Tests. 
tests were continued. 
earlier tests, especially in regard to the behavior of the 200 series 
stainless steels. AISI 201SS and 202SS being austenitic steels, cracked 
like all other austenitic alloys within the first few hours of immersion 
in boiling 42 w/o MgC12. 
wnicii contains up to 0.35 Al in addition to 12 to 14$ Cr, nor the AISI 
43C ad 446SS ferritic and the 5O2SS martensitic type stainless steels 
di8 crack. 
Fe-Cr-Al alloys are attacked by general or preferential edge corrosion 
in t.arYing degrees after 168 hours of immersion. 
AIS1 406SS, and Incoloy seem to be the most resistant 02 tne alloys 
tested. 

After 30 days of 

Hastelloy "N" and experimental 

Carpenter 406 stainless steel and 304-L s-cainless 

Stress corrosion susceptibility 
The results are in good agreement with those of 

On the otber hand, neither the AISI 4OSSS, 

However, these stainless steels and some of the experimental 

Hastelloy X, PDm-102, 

Re- and Post-irradiation Evaluation or" pKllR Pressure Tubes. 
corrosion marks on the inner surface 0:' the Zircdoy-2 pressure tube 

me wear- 

removed from PRTR channel 1756 were replicated. 
weeks of reactor power operation wnen an exc;rrsion in water. quality 
occurred, this process tube was charged with a i'uel elenent with 
standard 1/16-inch wide support ribs. 
corrosion penetration Illeasured at one of thesa areas of contact was 6.5 
mils. 
special Pu-A1 element with l/4-inch wide support ribs. The penetration 
of the wider ribs was less than one mil. 
areas of locelized atzack underwent normal corrosion with the formation 
of very thin oxide films as indicated by interference colors on the 
surfaces of the wear-corrosion areas. 

During the first two 

The m~irxum depth of wear- 

The next month of actual operation, the tube was charged with a 

During this period the originel 

Creep rupture tests are being performed on sections of annealed PRTR 
pressure tubes at 550 F. 
strength produced 3 percent strain in 100 hours and a stress of 80 per- 
cent of the ultimate produced one percent deformation in 140 hours. 

A stress of 90 percent of the ultimate bust 
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These stresses are twice thosr? required to produce equivalent deforma- 
tions in tensile specimens machined from strip, 
failed 

Neither specimen has 

A third sample containing a seamlike defect that caused the rejection 
02 the tube during manufacture was beicg heated to the test temperature 
when localized failure occurred. During the initial. three hours in the 
furnace and just prior to failure the specimen had reached 480 F at a 
stress equal to 80 perceat of the expected burst strength for a defect- 
free specimn. Three surface blisters formed along the seam on the inner 
surface and these skin-blisters burst. The langest crack in the group, 
about 1/2-inch long on the ID surface, propagated through the wall of the 
tube but did not extend beycnd 1/4 inch long at the outer surface of the 
tube. With the loss of water through this very small crack the tempera- 
ture dropped to 300 F3 but the pressure remabed constant for 19 hours 
giving a stress of 75 percent of ultimate at the lower temperature. 
There was no apparent further propagatian of the crack length during 
this period. 

In-Reactor Wnitoring. 
during the month, three of which were last inspected in December 1960, 
and the other three in November 1961. 
diameters was noted. 
tion on all tubes but none have gaps less than 115 mils. 
tion disclosed a few nev wear-corrosion marks at the points of contact 
with the upper and lover fuel element support ribs. 
several spiral wire-wrap wear-corrosion marks in addition to the top and 
bottom fuel-support marks, and this tube was removed from the reactor 
for dest.ructive testing. 

Six PRTR process tubes were examined in-reactor 

No general increase in inside 
Cas gaps changed slightly in magnitude and direc- . 

Visual exanina- 

Tube 1659 had 

me .Mark I11 PRTR tube-monitoring Frobe-insertion equipment was received 
frcm the vendor. 
easier maintenance. 
was constructed ir, the 314 Bnildirg. 
ceived and is being calibrated. 
has been delayed two weeks because of scheduling difficulties encountered 
by the vendor. Optical difficulties experienced on the Qrmiscope for the 
Mrk 111 monitoring equipmect have been overcome, and shipment is 
scheduled for the last week in Jacuary, 

The nozzle extension drive unit is being modified for 

The Mark I11 ID-gage has been re- 
A mockup test facility to check out the equipment 

Delivery on the bkrk I11 gas-gap gage 

04 Progran Radimetallurgy Studies 

The first full-size irradiated l?EITR fuel element was received and success- 
fully seckioned during the month. 
she center rod is being examined (RM 750 & 673). 

No evidence of hydrogen piCk-Up was seen in the 2-2 cladding ol the 
pqosely defected Uo;! element, HD-5. 
Zr-2 tubing whick: had bust from internal pressure (RM 640). 

Burnup samples are being dissolved and 

The metallography was typical Gi' 

12501 Ib 
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An enriched U@ capsule, GEH-14-177, irradiated at high suzi'ace neat flax 
to 37,000 MWD/T was examined metallographically. 
sections examined erhibit different microstructures (RM 641). The Zr-2 
cladding of U@ capsule GEH-3-52, eqosed to about 50,000 MWD/T in the 
MIIR, had burst during the irradiation testing, but the aluminum shield 
contained the gas. 
of large, radial, columnar grains with the exception of a thin layer 
adjacent to the cladding (RM 642). 

The two transverse 

The Uo;! was completely recrystallized in the forn 

Localized recrystallization of the Uo;! was observed at the site of enrich- 
ment in Rod #&' from =-4-62. 
was made at 75~ (RM 643). Metallographic examination 02 a stainless steel 
thermocouple sheath which failed in the PFUR revealed failure was caused 
by intergranular corrosion that penetrated one-half of the sheath wall 

A composite of the entire cross section 

(RM 646). 

Ccmplete recrystallization of the U@-Pu@ fuel in capsules GEX-14-22 and 
m-14-66 occurred during their irradiation in thd 
Four high-density Ue-Puo;! capsules were examined and measured to deter- 
mine d-nsional changes which occurred during irradiation. Capsules 82 
and 91 showed significant dimensional chanzes an2 are being examined 
metallographically whereas capsules 85 and 86 will be sent back for ad- 
ditional irradiation (RM 655). Metallographic examination of all seven 
rods r'romthe U@-Pu@ element, GEH-11-3 was completed. All of the cores 
exhibited a compact uniform small grain structure, although there is an 
indication that same segregation of the Puo;! had occurred. 
fraction exhibited only UQ lines, the Pu concentration being too low to 
be detected (RM 668). 
saction of a PRTX process tube. 
shallow, one was found to be 0.4 inch long by 0.1 inch wide by 6 mils 
deep (REI 356). 

(RM 653 8: 654). 

X-ray dif- 

Wear-corrosion marks were examined in the bo1;ton 
Although most of the marks were quite 

A two-inch long fuel rod was successfully imprepazed with an epoky resin 
over its entire length (RM 639). After annealing GB-14-281 at 650 C for 
100 hours, little cliange was ivisible in this Basic Swelling Studies 
sample. 
recrystallization was noted (RM 513). 

The total of 17 samples were dissolved for burnup analysis, five semples 
were dissolved for iron analysis, and 15 fission product gas samples were 
collected for measurement. 

Two microcracks were observed in the enriched uranium but no 

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

125011; 
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2. PLU'IWIUM 'JTILXZATICN STUDIES 

Plutonium Carbides 

Three Pu-C alloys in the 36-hi a/o C region which had given the anoma- 
lously hi& lattice parameters previously repcrted Ixi this region, were 
re-melted fcur times each under argonm 
the lattice pararceter horizontal in this region, which had been attributed 
to influence by the zeta reaction, was not absent md that the lattice 
constant varied uniformly with carbon content. 
lower limit of the noxiequilibrium PUC phase field is 39.7 a/o C with an 
associated lattice parameter of 4,9580 A. This appareritly is the limit 
of the metastable phase which can be quenched fromthe melt. 
reasonable explanation for lack Df a horizontal or, these samples is coolirig 
rate, Previous sqles were on tlr-e order of 8 grams and apparently the 
interior of this quantity cools slowly enough to follow the composition 
changes predicted by the PuC Fhase diagrazn, 
specimens, which were repeatedly mlted and which showed no horizontal, 
were on the order of 4 grams. 
probably great enough to qt;er,ch in the high temperature carbon deficient 
structure e 

X-ray exarnication showed that 

Eased on these data, the 

The most 

The sample size of the 

The cooling rate of these specimens is 

Arc-melted samples coritaining between 30 md 52 a/o C were annealed in 
vacuum just bebw the e+ PuC phase field (575 C). A 30 kw resistance 
furnace was used without a controller, so line voltage fluctuations 
caused a variation in temperature with time. 
from 400 to 550 C over 91 hours. 
analyzed, but preliminary data show that the PuC phase field after this 
anneal, extended from about L3 a/o C to L7 a/o C. 

A least squares fit was applied to 26 data points resulting in an equation 

This variation extended 
Deby-e patterns are presently being 

which can be used to determine the amount of carbon lost during arc- 
melting alpha Pu + C. 

cf = 0.995 Ci - 2.36L (304 a/o C (57) 

Cf = a/o C ir the final aLloy 

Ci = a/o C in the initial charge. 

The eque ion fits 
of melts is used. 

ir f9ur melts cd may vary sligh+ly if a gre ter nu& 

Kilogram quantities of Pc.C have beer. =de by arc-melfrxig plutoniun and 

r 

graphize in a converted welding bax, 
and prJrous graphite it 1s ~~cssibie to ca>Ysrt about 3GO gram of material 
per hour with an efficier,cy :f greater tlsn 99%. 
buttons made by this technique has shown all but two of these ta be in the 
r'ange of 112 C,o ?L8 a10 C. 
@bviously arc-blc-m duririg tkse ne1t;Lr-g as Spalied-Off graphite was found 
cutside the hearzh. A ~~ew kear?h 3esiEr has corrected this troGble. It 

By usirrg 5 specxL1y desised hearth 

Analysis or" somf 60 

The two bu+trJnS vkich were low Lrl carbon were 
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has beec found that onz to zwc atm-percent cafaon is usually iost duriq 
the melting process. With apprcpriate ccrrections and cerefdly con- 
trolled melting conditions it is possible tz hold the material in the 
46-48 a/o C conposition rqe with greater than 96 efficiency. 

The arc-melted material shows surprisingly good machinability. X-ray 
results show only PuC lines with one or two of the stronger Pu2C3 lines 
sometunes detectea. hktallographic examination conflrms the fact that 
the material is essentially single-phase. 

The arc-melted material has been crushed to -325 mesh, mixed with 1/24 
carbowax plus 1/2$ Ni, pressed at 13 tsi,, and sintered in vacum at 
1500 C. 
with the additiocal nickel additive. 

The. experiment was repeated with I$ Ni. No difference was noted 

Plutonium Nitrides 

Plutonium monorzitride was synthesized by arc-melting alpha plutonium 
under one atmosphere of nitrogen. 
95 percent PUN and 5 percect alpha plutaium. 
were derived from x-ra diffractior: data. Density determinations yielded 
a vaiile of 15.b2 g cxn-5, 9 percent higher than the calculated theoretical 
value of 14.20 g cm-3. 
in a platinum crucible in oxygen. Ignitim of the specimen occurred at 
350 C, then the temperature was increased to 800 C and he16 for one hour. 
Even though same material was lost iL a reaction with the platinum cru- 
cible, an apparent weight gain of 11.7 percent was seen. 
only 7.L weight percent if the specimeo were pure PUN. Preliminary data 
incicate a melting point greater than 2400 Cy and some evidence of a de- 
composition or volatilization was &served at 1800 C. 
elbinate the residual alpha plutonium, a smail specimen was remelted 
several times 1zi nitrogen. 
lines. Tae 6ensity as determhed by immersion in tztrabromoethane is 
14.13 g cm-2, 99.5 percent of the theoreticai value. 

The material corisisted of two phases, 
Wtitative estimates 

A 1.h gram sample of the above material was heated 

One would expect 

In order to 

X-ray dlffractometer anaiysis shows only PUN 

Fuel kraluation 

Irradiation Test-, 
'to a relatively Ugh exposure (37,030 MWD/Tu) revealed characteristics 
which have not beeri observed m U0;l irradiated to low exposures under 
similar conditions: 
core were very lorig asrd extremely thk; (2) no distinct band of void-free 
material was evident in the cross-sectioL; (3) small, angular inclusions 
were present in the recrystallized porti3ns of the fuel. 
capsule coztained sintered and crushed U@ enriched to 2.42 w/o U-235 in 
U and swaged to a bulk density of -85 percent TD. 
was approximately 95 percent TD.) 
surface heat ?lux of 

Ceramographic ex-ation of swaged Us irradiated 

(1) large cclumnar grams surroundhg a small central 

This 0.5 ID 

(The particle density 
The capsule was irradiated at a maximum 

600,000 Btu/hr-ft2. 
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A vibrationally compacted, thin-wall stainless steel clad Uw fuel 
element (-2) was discharged frDm the VBWR. The nine-rod cluster, 
clad in 0.008 inch, 0.010 inch, and 0.015 inch wall stainless steel, 
accumulated an estimated exposure of 1200 WD/W at peak surface heat 
flux of 280,000 Btu/hr-ft. 
bowing of any of the rods; (2) scratches on the outer rods, due to 
handling; and (3) several wrinkles and dimples near the tops of four 
rods. 
irradiation. ) 

Preliminary examination revealed (1) no 

(So= minor deformations were visible on some rods before 

A single crystal of UO2 was irradiated to approximately one a/o burnup 
at an ambient temperature less than 300 C. 
macroscopically unchanged by irradiation. 
examinations are being conducted. 

Surfaces appeared to be 
Extensive microscopic 

Photomosaics (75X) were constructed to display entire fuel cross- 
sections of two 0.5 inch diameter irradisted fuel rods: (1) sintered 
U02 pellets containing 0.1 w/o Ti@ irradiated at a surface heat flu 
of approximately 1,000,000 Btu/hr-ft2; (2) swaged Uo;! irradiated to 
37,000 MWD/% at a surface heat flux of 600,000 Btu/hr-ft2., 

Fission Product Redistribution. An irradiated, sintered Uo;? fuel core 
(GEE-14-189) which showed evidence of fission product migration on auto- 
radiographs is being examined by radiocnemical microanalyses. It is 
anticipated that the data will help to confirm and define the extent 
of plutonium and fission fragmnt redistribution. 

Wterials 

Impact Formed Us. A tungsten carbide punch was used for high energy 
impaction of U@ at impact pressures twice as great as those which 
cause failure of the best tool steel punches. Impact conditions pre- 
viously produced only on a small sample using a "Bridgman anvil" 
technique and expendable steel sample holders, can now be applied to a 
much larger sample in a die of conventional design. 

. 

UO2 Rutriation. An elutriation method for separating impurities ar,d 
relatively porous material from fused or electrodeposited UQ was in- 

. 
vestigated. Water, passing through a fluidized bed of Uo;! particles 
with a narrow size distribution, removed the lighter particies. Porous 
agglomerates were separated from a sample of -64 mesh fused U02 by this 
techniqEe. 
and 4.5 g/cc, respectively. 
a high content of pcrous particles is being upgraded by the elutriation 
Ethod and used in vibrationally Zompacted fuel elemects. 

The bulk densities of the two resulting fracticns were 5.8 
F'used UCQ previously rejected because of 

Vibratory Milling. Vibratcry milling of IT@2 wa5 investigated, Rapid 
attrition of the particles occurs with relatively little gross fracturing. 
Consequently, the product is compcsed of rounded, large particles and a 
relatively large quantity af fines. 

UNcLAssIFm 
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Replicazim techniques for electroll micr3scope emninetion of irradiated 
U+ fuel cress-sections were evzluatedc Eqerbnts vitn several repli- 
cathg methods demnstrated that rhe mst aseful ,"or sm11 irrediated 
pieces are the Fax-film - PVA - carbon, and Fax-film-carbon methocis 
preiiously used at Haafcrd. 
known areas of polished irradiated U@ cross sections. Data now being 
ojtaioed by electrori microscopy of triese areas will be correlated with 

existing optical mzrographs of the same sample. To examine the de- 
tailed styxture of irradiated single crystals, specid methotis of nand- 
ling;, fracturing, replicating and examir;inG the crystals are =der de- 
velopment. Both transmissior, and reflection electron dcrosccpy vlll be 
applied to examine polished, etched an6 fractured surfaces. 

The fcrmer technique was used to replicate 

High Temperature Studies 

Resistance Heating of Uo;?. 
assenSleri with a layer of insulaticrn brazed between the fuel rod cladding 
and the ecd closure caps, A tungsten electrode was imbedded intc each 
end of tie UQ fuel core. The insulators and fuel cladding were vater 
cooled. 
Tfae czrrent was gradually increased to 500 amperes, at which point over- 
heating of the fuel cladding occured. 
vealed that sintering had occurred over a large section of the core. 
Tile heating pattern is being determined. 
performed io an atteqt tc simulate fue; heating that voula occur under 
various reactor cmditions. 

A short length of a swaged fgel rod was 

Current was passed thrcugh the Uo;! fuel section to neat the U@. 

Sectioning of the element re- 

Additional experiments will be 

Irra2iation Frogram 

'bm c3xrolled tenperature general swelling capsules, #13 and iL, were 
charged in tandem into a reactor. 
consTar,t teqerature cf 575 C ud capsule 14 is being operated at a 
coaatmt temperature of 625 C. 
beiag fixxished with rhe new instrumematioc and heater supply facili-cy 
recemly activated at the reactor.. It is planned to charge capsllles 11 
and 12 at the next resctor shutdown. They, too, are connected in tandem 
fcr chargkig ixito the same test hole, Capsules 7 and 8 are cooling in 
the reactor discharge basic before shipment to Ra&iometallur~ for post- 
irradiation examination. 
hollow. sFlit cylinders cf aranium, 

Capsule 13 is being operated at a 

Teqerature cmtrol and monitor- are 

Each of t;ze daove capsulss contain three, 

TWO urrmor,itored NaK-filled capsdes containing U-U diffusion couples ?or 
fiseicn product mobility studies by psst-irradiation annealing received 
ac additicnal irradiation cycle in the MllR. They Ere schedaed for re- 
moval after oae more cycie, 
already irradiated to Radiometallurgy for specimen recovery and examina- 
tior;. 

They will then be shipped along vith the two 
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Post- Irradiation Examination 

Except for one spec-n, 4-2, the radiometallurgical examination of the 
specimns from capsules 4, 5 and 6 is complete. 
annealed at 650 C for 100 hours in order to determine how the pore size 
distribution changes when the specimen is exposed to a temgerature higher 
than the irradiation temperature. The burnup analyses were completed and 
are as follaws: 

Specimen 4-2 is being 

Specimen 4- 3 - 4-4 - 5-2 - 6-1 & 3 

Calculated burnup percent 0.28 0.28 0.05 0.16 0.03 
Analyzed burnup percent 1.66 0.33 0.06 0.18 0.04 

The analyzed value for specimen 4-3 appears mch too high. 
is being rerun. 
higher than the calculated, but the discrepancies are not large enough 
to be of concern. 

The analysis 
All of the other analyzed values appear to be slightly 

Uranium specimens identical to those that were irradiated in capsules 5 
and 6 were examined after being annealed in a NaK environment in labora- 
tory capsules. 
their in-reactor counterparts. No microstructural changes were observed 
in specimens annealed in the laboratory capsules. Simulated capsule 6 
specimens (thin, split, hollow cylinders) shared a very slight density 
increase, while simulated capsule 5 specimens (spheres) showed a very 
slight density decrease. Both changes were small and of questionable 
significance. The microhardness of the laboratory capsule 5 specimen 
was the same as that of the spheres irradiated in capsules 4 and 5. 
Electron microscopy on these specimens is not yet complete. 
capsules duplicating the thermal histories of in-reactor capsules 7 and 
8 are also being annealed. 
month. 

These samples were given the same thermal history as 

Two other 

These tests will be completed in about a 

Second Rrase Distribution Fn Dilute Alloys of Uranium 

A study of the characteristics end thermal stability of the "delta" phase 
in uranium has been initiated. These data will serve as a basis for de- 
signing swelling experiments to determine the role of second phase 
particles on the mechanism of swelling in uranium. Specimens from each 
of three uranium alloys have been heat treated and are now being examined 
by light and electron microscopy to study the "delta" phase in uranium. 
Ten conditions are being examined for each composition. 
(1) as-received (alpha-rolled), (2) high alpha solution treated (643 C 
for seven hours and water quenched), (3) beta solution treated (730 C 
for five hours end water quenched), (4) gamma solution treated (800 for 
two hours and water quenched), (5) treated as in (2), (3), and/or (4) 
plus low alpha precipitation treated (538 C for two hours and water 

These are: 

quenched), &d (6) treated 
precipitation treated (590 
the thirty samples will be 

and the grain size will be 

as in (2),.(3) and/or (4) plus medium alpha 
C for one hour and water quenched). Each of 
examined for the presence of a second phase, 
recorded 



Tne spectrochezical asralyses are completed end tab-dated below: 

High miTy Dlngct Alioy Dingo t Alloy 

Top Bottom 
(c) Dingot (a> (b 1 

Elemert Tap Bottom Top Bottom 

Al 5@+ 
Cr 5 5 50 50 

Fe h5 
Ni 5 5 
Si 10 16 32 36 58 

50 20 20 50 20 

2 1 
kb 110 105 180 190 

1 1 10 10 
60 

*All values in ppm by weight. 

These analyses are to be cowred with the nomirial compositions which for 
alloy (B) was 86 ppm Fe and 69 ppm Si and for alloy (C) was 150 ppr. Fe 
and 100 ppn Si. 

5. DJ-HEACTOR MEAsL?IEMENT OF MECHAl?ICAL PRoPEKllIEs 

In-Reactcr Creep Meascrements 

The in-reactor creep test of 20 percent cold worked Zircaloy-2 at 31s C 
and 30,000 psi has been terminated after 1500 hours of successful cpratia?. 
The test was terminated because specimen strain was approaching one percent, 
which Is believed tc be near the strain at which third stage creep will 
begin. 
20: fracture and preclude the masurement of specimen lengtin upon removzl 
of tie capsule from tie reactor. 
conventional apparatus after the test is desirable to verify the vali2ity 
of the strain measiu-ing sTystem 0; the capsule. Before the capsule is re- 
amed from the reactor, a determinatioL of the activation energies for 
creep will be conducted ir~ the 280 C to h5O C range with the reactor opera- 

The onset of third stage creep was avoided so the specimen woule 

Bkasurement of specimen length wit;? 

ting. 

!Exree shutdowns occurred during the course of the creep test. In-reactor 
creep behavior before the first siutdom has been reported in previous 
monthly reports. After the first and second shutdown, the creep rate in- 
reactor was in the range of 1 x 10-7 tc 2 x 10'7/hr, while the e3-reactor 
rate, determined in a standard creep apparatus, was from 1 x lO'O/hr to 
9 x lO-7/&. 
was terminated just after the next startup. 
snutduwn was found to account for more than seventy-five percent of the 
total observed creep strain. Detailed analysis of creep data during shut- 
downs has shown that immediately after shutdown the creep rate is very 
nearly the sa as that before shutdown and increases to a greater value 
only after sufficient time has elapsed to initiate removal of radiation 
induced defects which interfere with the creep process. 

No data were obtained after the third shutdown as the test 
The strain occurring during 
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Pre-Irradiation hterial Characterization 

Additional analysis of creep activation energy data has shown that the 
temperature at which the activation energy peak occurs is stress de- 
pendent. This behavior is a contradiction to some existing theories 
which have been proposed to explain the activation energy peak. The 
shift of the peak with stress does, however, partially explain the stress 
dependency of strain aging effects observed in the creep of Zircaloy-2. 

6. GAS-GRApHmTESTUDIES 

EGCR Graphite Irradiation 

The H-3-4 irradiation capsule containing EGCR graphite is being modified 
at Vallecitos in preparation for insertion into the E-7 position of the 
General Electric Test Reactor during the next shutdown. 
for supporting and protecting the capsule is being fabricated. 
fications and new guide tube were made necessary due to the wear pattern 
observed on the prototype duxny capsule which had been irradiated for 
one reactor cycle. Fourteen of the samples in the H-3-4 capsule have 
been previously irradiated to varying exposures, the highest of which is 
8.7 x l& nvt, E 7 0.18 bkv. 

A new guide tube 
The modi- 

Heat Treatment of Graphite 

A series of samples were heated to 3150 C at the General Electric Research 
Laboratory to determine whether the crystallinity could be significantly 
increased. The c and a crystal lattice spacings and the apparent crystal- 
lite size in thec disction (L,) and in the a direction (La) were mea- 
sured on lampblacE carbons. The results are zhown below: 

3000 6.798 2.458 1% 165 
3150 6.789 2.460 15 5 289 

The changes in the a and c spacing and La from heating to 3150 C are sta- 
tistically siguifich ad are indicative of an increase in crystallinity. 
The increase in La is the most Significant change and indicates an in- 
crease in the degree of order in the carbon layer planes. 
TSGBF, CSF and WSF graphite were also heated to 3150 C. 
spacing changes were observed, although the 
cent. Measurements of a and La are in progress. 

' 

Samples of 
No significant c 

increased by 30 to 50 pel 

- 
CreeD of GraDhit e 

Work on the creep of graphite at 1100 F under a tensile load of 1000 psi 
has continued. 
The extension measured, in excess of the short time elastic change, indi- 
cates a deformation rate on the order of 

Cbe sample of NC-8 graphite was tested for 2300 hours. 

in/in/sec. This was 
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A second sample of NC-8 was tested under %he same conditions except that 
ar, optical extensometer was subs2irutec for the dial gage. Tne purpose 
cf the test was to check the stability and sensitivity of tke qtical 
device. A variatioxi in temperature of the steei mts for L!e optical 
e,xtensometer caused enogh differeatial thermal expansion to affect $he 
readings. 
tanium alloy to rvnimize this ecfect. 

w1 parts are now beiq I'acriczted from molybdenum - 1/2$ ti- 

Graphite-Water Vapor Reaction under Garma Irradiation 

A final series of measurement.s in the Cooo gamma facility on the rate of 
oxidation cf a solid cylinder cf TSX graphite weigning about 8.3 grans 
by heli-mi containing a small partiel pressure of vater vapor was coxqleted. 
The water vapor concentration employed for these Easurements was about 
50 ppm. The net oxidation rates obtained are compared in the foilowlhg 
table with those found previously at differellt water vapor concentrations. 

r 

Water Vapor Oxidation Rate. lo7 g/g/hr 
Concentrat ion. ppm T = 600 C T = 700 C 

At a given temperature the pre- ssure 
serited by an equatioli of the form 

R = RL (1 

2.18 6.17 
-- 'i .12 

5 029 8. go 
5.42 10 13 

depenaence of the rate can be repre- 

wnere I$, is the limiting value of The rate, g is the partial pressure of 
water vapcr, an3. k is a ccnstant. The limit- values of the oxidation 
rate at 600 and 700 C are about 5 - 5 x 10- 1 g/g/hr arid 10.5 x 10-7 g/g/hr, 
respectively.. Future vork on this reactioL will be coccerned vith the 
effects of sample geometry, dose-rate dependence 

c 

and inhibitors. 

Heater for PRTR Gas Loop 

One of the proposed designs for the Prrrx Gas Loop utilizes a ceramic 
cxide as an electrical insulator becveen silicon car-aide heating elements 
aad Hantelloy-X heat transfer surfaces. The compatibility of silicon 
carbide with Al~q, Si02. an3 Zrrq! at 1050 C was investigated. A silicon 
carbide rod was placed aside a Hasteiioy-X tube and the 0.15 inch 
annulu was Tilled with oxide. A silicon carbide rod suzrmnded Sy A1203 
failed after three hours of operatian. 
been eroded leaving the larger silicoc carbide particles loosely bound to 
escfi other, A silicor carbide rod packed with silica puwder failed after 
66 haus of operaTim. 

' 

It appeared that the surface ha2 

Silica had diffused throughout the silicon carbide 
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7. 

8. 

rod. 
contact with zirconia stabilized with 4% CaO indicated that this com- 
bination of materials will not be compatible for operation over an ex- 
tended period of time. 
insulating material in contact with silicon carbide is under consideration 
in order to eliminate the materials compatibility problem. 

The surface appearance of the silicon carbide heated 168 hours in 

An alternate heater design containing no ceramic 

GRAPHITE IRRADIATION DAMAGE STUDIES 

Electron Mlcroscopy of Graphite 

Examination in the electron microscope of replicas taken from polished 
and cathodically etched graphite which had been impregnated with liquid 
bismuth has suggested a method by which the surface of pores in graphite 
may be examined. 
cathodic vacuum etching leaving a step at the interface between graphite 
and bismuth in the pores. 
features of the cathodically etched pore boundary can be distinguished 
fromthose of the sectioned and polished surface. 
surface is characterized by a pitted appearance. 
along grooves which, in some cases, are an extension of grooves on the 
polished and cathodically etched surface. 
are a result of cathodic etching, the bismuth will be further etched in 
HCl and the additional step surface exposed will be compared with that 
exposed by cathodic etching. 

Bismuth is removed more rapidly than graphite during 

The step is approximately 3 p in height, and 

The pore boundary 
Pits are often aligned 

To determine whether the pits 

ALuIaNuM c0RRos1m AND ALLOY r)EmLopMENT 

New Aluminum Alloy Testing 

The dynamic corrosion behavior of some new aluminum alloys (1.2% Ni, 
1.9$ Fe, in high purity, 99.995, Al) is being investigated in deionized 
water. Present tests are conducted at 340 C at flow rates of 25 fps in 
a refreshed system. Comparisons will be made with x-8001 aluminum in 
the same test and also with static data already available for the new 
alloys (HW-68253). 

In-Reactor Corrosion Test 

The aluminum coupons containing silver foils were autoclaved, and many 
swelled. This is believed to have resulted from entry of water and pro- 
duction of hydrogen due to corrosion. 
weld to be only a few mils deep. 
reactor in H-1 Loop would create a danger of release of Ag-110 activity, 
new coupons with silver foils are being made with a new design providing 
a deep filler weld. 
fore starting the first test, are awaiting approval. 

Destructive testing showed tire 
Since the use of these coupons in- 

A hazards review and production test, required be- 

&-Reactor Corrosion Testing 

The test in TF-6 continued during the month using chromic acid to control 
the pH at 4.5. After 960 hours at 300 C, the corrosion of the x-8001 was 
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Xeet Trar,sfer CorrcEicxj TestiEg 

Corrosior: testing of X-8001 cladding at a heat fbu. c? 228,000 3tu/-.r-i't2 
cmtinued &,,ring Yae mocth at a bU water temperature of 600 F, us-ni; 
high purlty deionized water. 
and crd films is now 50 F, compared with the orighzl 43 F value. 
texperatae-drop cuthues to build up gradwy between loop ou-cc-z and 
L-op vhen the loop is restarted af'ter an outage. 
A-288 e-qosed to 600 F water show corrosioa rates of 2.25 and 1.75 5ls/ 
nanth, respectively, after 1800 hours of exposure. 
characteristics of the A-286 alloy began tc show marked improvement over 
the x-8001 alloy after abcut 1000 hours. 
started to show significant dicferences for tile ttro 
the peretration of the X-8001 alloy vas 7.4 mils, compared with 5 .: d1s 

;'or tie A-288 alloy. 

The temperature-drop acrcms the water, oxiiie, 
TkLe 

Coupons of X-8031 and 

!Fhe film retentLm 

Penetrations c'ter this time 
alloys; at lc?; hours 

9; USAEC-AES COOPERATIVE PROGRAM 

Ultresoriic Testing of Sheath Tubing 

Two sets 02 no-cches, 30 mils long by 3 mils deep, irere successfill1:- 
electrojet-machined on both imide and outside surfaces of 0.680 ID 
skieazh tubes. The rmalles?; notches made previously by tiis netnod were 
62.5 mils long. 
set of oucside and inside surface ;lotc:ies was machined parallel anC tne 
other perpendicular to the axis of the tube. 

The electrode material used was tugsten ribbon. be 

Using the transverse 30-mil long Eotches and a cylindrically fccused 
cransdllcer, the ultrasorric response was measured as a function of e3try 
arizle 02 the ultrascud intc the tube wall. ln var;rirY: the .angle c-' 
enmy iron 16 tc 30 degrees from vertical, peak responses were o-ctzirred 
at 17.5, 21 and 26 degrees. Under actual test conditions, whether a 
defect will Trip the refect circuit will be dependent l~pa the magnitude 
or the reflected peak response at the ~ime the defect rotates ad 'eras- 

lates kto ard out cf the preset gate in the altrasonic ins%rumenz. 
Attenuatim of the peal; respmse with 1eI;gth of metal path froa pcint of 
er.try of tiie ultrasoud to the defect will be a major factor ixi deter- 
mining the magnitude of this resparse.. Measurements of attezuatioz LOT 

each peak revealed a sharply decreasing aqlitude with increasi- iength 
of path for the peaks at 17.5 and 26 degrees and a more gradual decrease 
Tor the peals at 21 degrees. !ELUS, a more effective test would res-At 
from setting the crystal at 21 degrees. Both the emission uld receiving 
properties of an ultrasoxiic transducer vary over tne fact of tne crystel 
and from transducer to transducer. For example, rotating the transducer 
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used in the above measurements 180 degrees about the axis normal to its 
face caused a general shift in the location of the peak responses. The 
optimum angle under these conditions would be 19.5 degrees which corres- 
ponds to the location of a valley in the response curve for the origi-1 
orientation of the transducer. 
will be essentiai in achieving a reproducible test. 

Apparently calibration of each transducer 

Two other variables were studied; the length of water path, to which the 
amplitude of the peak response is quite insensitive and the amount of 
misalignment between the centerline of the tube and the centerline of tne 
transducer. 
response by 10 percent. 

Mving the transducer 7.5 mils off-center decreased the 

19-Rod Bundle Boiling Burnout Studies 

The installation of the l9-rod boiling burnout test section with 0.015- 
inch spacing between rods for boiling burnout tests was delayed pending 
the receipt of electrical insulators which will be used to prevent 
shorting of the bundle to the coolant tube. 
installation will be complete and the testing started in three weeks. 

The experimental plans for use of the O.Ol5-inch spaced l9-rod bundle 
were made. 
0.074-inch spaced bundle was accompanied by increasing the rod size from 
0.564 to 0.629 inch 0. The larger rods have a larger cross-sectional 
area and, hencd, have a smaller flow area when installed in the same 
coolant tube. The larger tubes also have a larger heat transfer area. 
The net result of these is that the O.Ol5-inch spaced test section has 
about a 6546 greater increase in coolant enthalpy than had the 0.074-inch 
test section for the same heat flu and mass flow rate, Ekperimental 
plans were devised so that the outlet enthalpy of the O.Ol5-inch bundle 
will be apprcximately the same as those found for the 0.074-inch spaced 
test section. 

It is expected that the 

The reduction in rod spacing of this bundle from the previous 

Fabrication of the test secticn with 0.050-icch spacing between rcds was 
started, This test section is quite similar to those with the 0.074 and 
O.Ol5-inch rod spacing except the rod diameter will be 0.587 inch. This 
test section will have a new method of installation of thermocouples to 
detect the accurrence of boiling burnout. 

' 

The met'nod of thermocouple hstallation used OT; the 0.07L and the 0,015- 
inch spaced test sections was to place a thermocouple mar the mside 
surface near the end of the electrically heated tubes used to simulate 
the rods of the bundle. 
bundle showed that such a thermocougle was quite responsive to the oc- 
currence of bciling bumcut on the surface at the thermocouple iocation 
but was inadequate in detec5ing the occurrence cf boiling burnol;t at a 
point as little as 50 degrees around fromthe thermocouple position. 
provide a means of detecting boiling burnout at any circumi'erential 
location at the erd of the tube, the thermocouple will be installed in 
the center of a copper plug which will fit into the end of the heater 
tube. The cqper plug will be coated with a 5 to 10-mil coat of flame 

The experiments with the 0.074-incl; spaced 

To 
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sprayel. aimimxii cx;de t~; provide electzical iasulatioL betweec -t mci tix 
heater +-.ice. Sxii a themcmple trill rea6 some scrt of a~ averqe cir- 
cuml'erenTl&l I-CB slr.-Pace teqerevare 
that thermcccup;es ixistalle3 k this mner should hayre ac dequate res- 
ponse ~po~; the OcrurreDce of bciling =?urrrout cri -,he sarface 05 the hea-cer 
tube e 

Tests were made which izhcated 

The purpose c.f this program is to irvestigate the combined effects 31 
radiatioL azd reactcr enviromect CL tns mechanical prcpe,rties of struc- 
tural Illaterials 
of mec-ical grqerty chmgea ZrahceB iz metals by irrarliatla at ele- 
vated temperatures 111 contact with water. Thrty-six Zlrcalcy-2 teuile 
specinens, irradiare2 to ab3ut 2 x 1$9 LK (fast) u the G7 hst water 
loop of the ETR, were shipped to tiAP0 for testiiig. Tnese specinens were 
exposed tG water at 280 C (536 F) fcr 8L hours over a period of 29 effec- 
tive days 02 reactor operatioc. 

Seclal atteL7ioL ;E being given to the dete-tim 

Sections cut from tested Zfrcslay-2 tensile spcirnens TJero, examined 
metallograpnicaliy. It was aczed +at she transverse specimens ex- 
hibited sl;bstantial tvbn3g with* she greks; whereas, LC twinzing 
was obserTed h the long:',tudinal specimen. 
tkat Ircier a tensile stress, slip is the major deformatioL mec;?anism i'or 
the longitudinal direczion and twinning is the major deformatLon mech- 
anism for the transverse directfa of rolled plate. 
i3cused cn voids &&Et formed WithiL %he necked region of the sanple. 

Eiese voids are initiated shonJy beyoLd the maxlp~m load poinz 02' tile 
stress-strain curve, and reduce the density of the specien. It was 
noted thas the cumber and size gradient cf the voids varied like 
speciEns teszed at differex;t strain rates 

This coxifirms other reports 

AtterGion was also 

11. REACTOR STUDIES PROGRAM 

A.5varxed Reactor Coccepts 

ConsidcratiGz of reactor types dxbg this report perioa was lW-ced to 
Zast reactor concept5 with ccqact ewes Detentially suita'ale fa: remoxe 
lCCatioc or space appiizatiaL. Both solid fuel cd mitea fuel Systems 
are beicg studied. 
was retiewed. 
apglication. sum as czr3idcs , nitrides, borides, silicides, et c ,y is 
very limited. 
materials is insdficie~t to SU~F:'IT more ",hac rather preliaxery design 
concept studies. 
also reviewed. Mxh e-erfence has been obtalned vith tar;t.alum and plu- 
tonium alloy systems at Lx Alams, but (5eveiopment problems &re still 
formidable md alterr.aSe s:ructwa.l materials a?pear tc have limted 
promise 

Tae current statu cf sclid plutonium fuel technoloa 
Reported kfomticc or? materials of interest for advanced 

The amount of hfrmtkm availade at present CL these 

Materials an3 corrosicn problems vith mltexl fxels were 
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Both thermal and direct energy conversion systems are being studied. 
feasibility of incorporating thermionic conversion in fast reactor fuel 
elemnts is being investigated. 

It is expected that three general reactor concepts will be compared during 
this fiscal year: 
conversion, (2) a solid fuel fast reactor with thermionic power conversion, 
possibly in combination with a Rankine cycle converter, and (3) a molten 
fuel fast reactor with Rankine cycle conversion. 

The 

(1) a solid fuel fast reactor with Rankine cycle power 

Work associated with the preparation of molybdenum specimns for irradiation 
has continued. Single-crystal tensile specimens and x-ray specimens of con- 
trolled impurity levels, and polycrystalline specimens, are being prepared. 
Forty single crystal rods, intended for tensile specimens, have been oriented 
and mounted for grinding. Shorter sections have been similarly oriented for 
x-ray study and have been ground and polished. A 90-second electropolish in 
the HCl-H2S04-alcohol solution at 15 volts appears to remove most if not all 
of the worked layer. 
the effectiveness of this surface treatment. 

Diffraction experiments are being performed to emlate 

CUSTOMER WORK 

Radiometallurgy Service 

Core drill samples from the bottom of a Purex waste storage tank were rexo-Jed 
and selected samples were shipped to Cpp for further analysis and st.Jdy. The 
material was found to be partially soluble in water and alcohol but dried to 
an extremely brittle mass. A five-gram sample of the sludge was found to have 
a density of 2.2 2 0.1 gq/ml. An x-ray diffraction pattern was run on samples 
of the sludge but not enough definitive lines were obtained to identify any 0;' 

the compounds present (RM 347). 

The closures on both ends of two transversely cracked dingot production 
elements were in excellent condition, 
one element was examined, and evidence of cracking in the surface of the fuel 
was observed. The results from an x-ray diffraction sample indicate that the 
grairi structure in this production fuel element has a preferred orientation 

The uranium adjacent to the spire of 

(RM L37). 

Metallograpny Laboratories 

Feel element assemblies with copper plated Zircaloy caps are being examined 
for FPD. The copper plated caps are placed inside the end of a coextrcded 
fuel element with the can wall extending to the top of the cap, l3e entire 
assembly is then vacuum welded and pressure bonded. 
bonds have been of good quality. 
copper is alloyed with both the uranium acd Zircaloy as intermetallics. 
Shortened bonding cycles produced specimens in vnich some free copper was 
present, ;et even those specimms were well bonded. 

The resulting diffusion 
With a proper bonding cycle all of the 



Arb exa~~natirr vas Ne of Fz2:fiin replizas 0;’ tbe cere of a coextrudet U-Zr 
KER element whch had recci-,reci a 3600 IMD/T exposure and res-dted in L.1; 
svellirg - 
analyses of vsid fraczim, density, ar.5 ,cue distribuxor, of pores.. 

Electror. microscopy service also iizluded tke exambatla si’ the nicrc- 
strxt-.e at the -teeace ~f coFxtxae2 
ad enriched peripherally) urax.~m reds is 3ctk tfie as-e>rtr&e3. and beca 
heat treated canditions , and the exea5ics of replicas “om U% - G. 5 w/o 

PdO-, elements which had received about 2300 W/T m the ZiR 

Other ucrk &cing the month will be repcrter? 12 zornection with the respec- 
ti-:e research and develcpxrient program oervec?. 

Replicas vere shadowed 8zd pnst=grarhed ts enable stztisticcl 

dx -enriched (deplezea cexitrslly 

N Reactor C3mgi~p l4schir.e 

bbdificatims h3dLficatloz; CZ the electrical system is estimated 85; 
c2q;etc. hirthzr mdi;’i~atiac wmk GL the electricai sgaten nas beer, pcst- 
p.med pendiAi; cocrplerior: cf mrc testlzg work which night req7xh-e additriGnal 
iesri-aPle electrical modiflC.ctixAS , 

Ail rnechr-ical &if icatia: wkirn ax cirreritiy reqdred have beer coz;ple.l;ed 
with The exceytix.. cf repiaclng .gEsrs 
Gears have bees received erid work has Ftar:.ei DL their replaceme~t. 

Tl?atir.g. 
cause deflectiozs are still much larger Than tolerablec 
is co~xinuing TO deternir,e the case of the excess dellection so that It can 
‘ce renedied. 

the -,c=tical lift four-vay dter box. 

Testing cf the new azd thrsz stabilzzers has been tero;irLazee ‘ce-. 

Analysis oi tile data 
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I Ten magazines have been loaded vith fuel elements and/or dummy i'ud eiements. 
These are now available for load testing of the machine. 
which supplies the high pressure (350 psig) water used in charging fual 
elements izas been installed and connected. 
wear using prototypical fuel element feet and parts of an actual outlet 
nozzle is estimated 856 complete. 
is concerned, have appeared in this test. 
hzs been reassembled and is ready for testing. 

The :rater pump 

The test of fuel elercent foot 

No difficulties, so far as abnormal wear 
The "C" elevator magazine suyport 

Plutonium Samples for Phillips Petroleum Company 

Further development for the fabrication of 72 fission product transient 
samples is continuing. 
a nominal 0.8 inch 0. 
thick and the Al-U and Al-Fu cores are 0.020 inch thick. 
extrusions have been made using aluminum and aluminum-uranium alloy cores 
to determine core configurations for minimizing extruded end effects. 
10 degree compensation angle machined on the 0.4 inch long billet cores 
res-dted in an extruded core length of 4-1/8 inches with z 1/2 inch end 
effect. 
a shorter end effect, but the extrusion blistered oad1;- md a re-evaluation 
will be necessary. 

The tubular elements are to be 5 inches long with 

The inner and outer cladding is aluminum 0.020 inch 
Wtiple-core co- 

A 

An extrusion with a 15 degree core configuation appeared to have 

Special Fuels - Critical Mass Physics 

The electroless coating of FuO;?-polystyrene matrix fuel cubes was started 
this month. 
in the coating bath. 

tude of veined, unwetted Pu@ particles on the fractured sixface, These 
layers of fine sized PuQ particles have large amounts of adsorbed gases 
tending to fracture the cube when heated in the nickel redaction bath. 

The PuO;?-polystyrene cubes were coated in three successive nickel batris to 
decrease the carryover of alpha contamination to a level less than j00 d/n. 
After a week's storage of coated cubes it was observed that some small 
blistering was propagating in a work-like fashion. 
examination indicated that the surface under a blister has an mea of Pu02 
agglomerate. 
solution during the electroless reduction process. Wnen this area is costad 
over with 3 layer of nickel the reduction process will still contime in 
the entrapped solution with the evolution of hydrogen gas ana the s;ibs:quent 
formation of blisters, A thorough microscopic examinztion is planned by 
sectioning 3 cube around a blister and polishing the szmple in small incre- 
ments through the blistered area with close observation dming the incre- 
mental polishing. 

Initial attempts were plagued with the splitting of fuel cubes 
Macroscopic examination of the crack revealed a multi- 

Cursory macroscopic 

"his pocket of oxide is probably filled with nic!rel.coating 
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Breeder- Type Neutron Detect or 

Coa%ing rates of pyrolytic carbon upon stainless steel from acetylene gas 
=e being determined by metallographic examination of coated specimens. 

The surface porosity of the carbon coating is being determined by the 
relative absorbtivity of uranium nitrate and/or plutonium nitrate solution 
compared to an uncoated specimen. 
the standard or background alpha radioactivity counting. 

A nonradioactive specimen is used for 

Minager, Reactor and Fuels Research 
and Development 

Fw Albaugh:kb 
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REACTOR 

+React or =anent ial Exper ant s 

The process tubes used for the flooding study 
lene to simulate l5O$ flooding in the arunrlus 
urements are in progress for the pile without 

. 
have been wrapped with polyethy- 
around the process tubes. Meas- 
control rods. 

Optimizatian of C-Pile Retubed Lattices 

The buckling of the wet C pile has been remeasured with the central safety rod 
void plugged. 
Thua the unusually mall wet-to-dry difference reported last month for C-Pile 
can be explained by the effect of the void on the vertical traverse which is 
taken only 4" away frm the void. 
hole plugged. 

The result was 20 pB lower than the result with the void present. 

The dry case will be remeasured with the 

Data Correlation and Analysis 

A talk was given to a Nuclear Engineering Seminar at the University of Washing- 
ton. The title was "Lattice Parameter Meaauremerrks in Graphite-Ur&um Systems". 

A Quarterly report was submitted on methods of reducing hanaonic corrections 
for exponential piles. 
the correction below 1s. 
nique . 

Careful placement of sources and counter can reduce 
A special traverse was taken to illustrate the tech- 

The fast suurce harmonic theory has been extended (HW-71747) to include the 
effects of pile boundaries on fast neutrons. 
the results of the present method for the cadmium shutter technique. 
correction might be needed for experiments without the shutter, but the present 
analysis is good if the shutter is used. 

~ The results are within O.l$ of 
The new 

The Modified Heavy Gas Model and Neutron Spectra 

Although BUwitt-type spectra compare well with British fast chopper data at 
high tqeratures, discrepancies becaane apparent near room temperature. These 
discrepancies are undoubtedly due to crystal binding effects and suggest modi- 
fylng the heavy gas model. 
allowing a varying slowing dam parer. 
tion should be obtainable fromthe scattering kernel of the material in question. 
However, since the model only approximates the actual scattering behavior of 
the material, only certain features of the scattering kernel can be retained. 
Analyses of rethermalization experiments indicate that the average energy loss 

The French have suggested such a modification by 
The Functional form of this modifica- 



per cclli5bn ia the Important q+a?ity in a sludhg dvm process. 
fore, chccse fc mcqdfy the hea-ry g~ m3el 6c that the &vera@ energy loss 
rer collision frat a Mtixlweilim Epectrun is scrrectly repro5Lced. 
uiqUely der.p,&jes the variatiosl 1c sicwing 3- pcwer frcm the scattering 
kernel. 
and generated by tb ncdified hea-v ga~ mo3el are planned. 

We, there- 

This 

Ccmparisom cf spectra generated directly from scattering kernels 

Lattice Parameter Cal&&tim Met.b& 

A premising method fsr 
fusion themy is being tried on sclid lsranium rod experimentsl data. 
mcdel., which at present i.6 Feu- eqiricd, assunes that resoaagce energy 
neutrons fall bit0 two grmps. 
low absorption cross s5stion ad changes relatively slowly across a fuel rod. 
Group two, the "surface" graup, has a high absorption rate and rapidly goes 
to zerc as a -&io3 cf rod penetration. 
using the least squares code GLEX tc an&lyze Hellstrand's data on the spatial 
distribution cf resmance a?xorption, indicates that the diffusion lengths in 
the two grmps are abmt 1.5 an a& .003 an. 
failed to yield results, because of round-off problems. 
being elimillkred. 

1238 reEmance a5sorptim using graup dif- 
The 

Grmp ones the "volume" group, has a relatively 

A semi-quantitative analysis, 

A quantitative analysis has 
These problems are 

A Recipe for Lattice Calcdations 

the interest of providing a =tho9 fcr ccanputing the quantities which are 
measued ir, a PCTR lattice experiment, nnmcly, k& 6, CR cf 238 capture, CR of 
235 fissicn, and l/v traverses., uing locally available machine codes and 
pending develqment of more scphisticated methods, a brute force approach has 
bee= used ta caqnite the condensed NPR lattice experiment. Although the cal- 
culatim of zll of the above mentione6 -tities has ntic been completed, the 
vallre of l&, is within 1C mk cf the mesue5 yak@. 

The msthrrl consists cf the fs;ici- szqs: 

Ccmpte a paramezer set cf moaoecergetic flu desression factors, g, to 
~CE sse5 in prcgra C-Flne far &t&inia,g self-e?zielding factors for 
resomzce absorbers. 

where me integratian is mer %he hterval associated with each level of 
the 19-ievel =clear 5a2& taFe. 

Rm Frcgrsm +2 fcr tSe la-ct~ce, -.sing C-Fine dlgitalized cross sections 
alrearly sa the 19-ievei tape. 

Defbe 5% = g%anr& . 

Shze these cross sections have been 

I250 135 



ccPnputed as 

from the C-Flne 

absorbers as &1 

J ad* un f 

s 
tage, define gn for use in program G-2 for resonance 

The basic assumptiom on which the method depends are that a 19-level slaw- 
ing dawn diffusion calculation with a Maxwellian thermal grmp is adequate 
when cross sections are slowly varying, that spatial self-shielding of shaq 
resonances can be obtained froan monoenergetic calculations, that in complex 
cells Wing fuel regions of different isotopic concentrations sharp resonances 
in one isotope do not overlap those of any other isotope present, and do not 
appreciably reduce the absorption integra3 of any other isotope present, and 
that the effect of Doppler broadening can be ignored. 

In the present calculation, program S-X was used to obt- S4 monoenergetic 
fluxes in each region of the lattice, using & of the fuel as a parameter and 
setting all other cross sections to a nauinal value characteristic of the more 
important resonance region (about 8 ev). 
Ca must span the entire range frm the minlnnnn in the resonance region to the 
maxiwM at the peak of the largest resonance, only about five values are 
required to span the range froan white to black. The flux in non-fuel regions 
reinains constant once the fuel is black and Zd of the Are1 region is a cons- 
tant. 
about 15 minutes of ccaaputer time apiece to achieve solid convergence, a great 
reduction in the cost of this method could be achieved by using some other 
means of ccmrputing monoenergetic flux depression factors. 

Although the parameter values of 

Since the S4 calculations with consistent albedo calculation averaged 

In the C-Fine calculation of gn for U-235 and U-238, about eight minutes is 
required because the program reads all 2756 energy levels frm the C-Flne 
tape. It would be faster to recompute sufficient cross sections directly 
from the Breit-Wigner fonrmla for the resonance region g-factor weighting. 
It would be possible, for about ten more minutes of machine time, to Dcppler 
broaden the cross sections in the resonance region before applying the g 
fact or weighting 

The 02 calculation itself takes between two and four minutesp depending on 
how much output is requested, for a typical lattice of 100 mesh points. 

- 

Caput at ional ~G~CEIX~I~~ Service 

The reactor kinetics code TRIPO&, incorpcrating all desirable features of 
previous versions of TRIP:, is nm in cperating cadition, and a copy of the 
program deck has been delivered to the customer. 
ments described earlier: an optional procedue for better peak: delineation 
has been added. 

In addition to improve- 



Fast saarce theory - cadmium shutter harmonic corrections for VTQCL, the 
exponential pile data reduction program, havekeen checked out. 
li8e produces results varying only slightly froan those in the present version 
of VTeCL, the m corrections .will not be incorporated into the production 
deck at this time. They xla; however, be available should cases be encoun- 
tered where the effect of the new corrections might be greater. 

Since their 

An iprpravrrent to C0FIZ2, the horizontal traverse cosine-fitting code, has 
been written. 
fied for each case, making it simpler for the users to determine the dif- 
ference in iaput conditions for severs sets of similar output. 
ponds to a parallel improvement in VTXL reported earlier. 

All input and output options will now be printed and identi- 

This corres- 

Instrumentation 

Fabrication was completed, including all trausistorized preamplifiers and 

purity tests. 
camplete probe assembly with satisfactory results. 
proportional counters were tested and four were selected as being equal in 
Quality to the original tube. Six more tubes were ordered on a returnable 
basis to select at least two more satisfactory units. 
the vendor permits such ex-e to secure seven Quality and identicel units. 
The source holder was completed esd tested. 
fast scalers were obtained on loa to be used for the tests at 19-reactor. 
General electronics system testing progressed satisfactorily. 

tube shroud housings, for all five probes to be used for the NPR graphlte 
Tests were caupleted in the 326 Building standard pile of one 

Seven camncrcial 

Rrior agreunexrt with 

RLve linear amplifiers and two 

proportioaal counters were also tested during the month Several other 
in efforts to o sin f’ully satisfactory units for later experimental work. 
Of the units tested, only one, fabricated on site, showed a reasonably ade- 
quate pulse height distributian. Further stability tests are planned with 
this particular tube. 

3 

The PIRDO effort cancerniag instrumentation for the lQpR graphite purity 
tests is now nearly ccmplete. 
two or three more quality BE”r, tubes and final probe assembly. TWO minor 
items, completion of a scaler-timer and fabrication of some deley lines, 
also remain, 
with advice and assistance from PIRDO. 

mor items remaking are the selection of 

IFD personnel will perform the actual graphite purity tests 

The Slow-Scan portion of the mpR Fuel Failure Monitoring System, fabricated 
to HAP0 desim by GE-APED, has not yet been shipped. Performance tests are 
being done at GE-APID. 
PIXDO after equipnark arrival. 

A new radiation monitor instnrmRnt desim was developed to meet the recently 
revised IpD f’unctional specifications for updating reactor building monitor- 
ing eqplpment. Based on two previous developmental models, the new design 
provides a six-decade logarithmic response with scintillation detector and 
transistorized circuits. All detailed HAP0 drawings were completed and fab- 
rication was started. 
sections were changed from the original development prototypes which have 
both logarithmic and multi-decade linear response ranges. 

mans were established for c-lete testing by 

Only the switching, high voltage, and alarm relay 



vendors' "approval" circuitry prints on NPR nuclear instrumentation were 
reviewed and returned to the NPR Project Section with pertinent comments. 
Cunments were also prepared on a review of bids for supplying fission 
chambers for the NPR. 

Meetings were held at Information Systems, Inc., on January 16 to discuss 
the proposed design of the Integrated Data and Temperature Monitoring =stem 
for I?PRu and to review newly prepazed approval drawings. The proceedings 
of the meetings were sunnnarized in a letter to NPR Project Section. 
date, sixty-five vendor drawings have been reviewed. 

The Mark I11 or =-inch horizontal-vertical (Hv) process tube distortion 
traversing mechanism was tested on a 40-foot long process tube at 189-F 
Area. 
Similar tests of the Mark I1 or 6-inch model give contours that are in error 
as much as 0.6 inch. The Mark I11 model was also tested in 105-F reactor. 
Measurements had to be discontinued because the tube was distorted so much 
that the readings went off scale. 
reduce its sensitivity and increase its range. 
calibrated on the 189-F tube and is now ready for use during the 105-H shut- 
down. 
the process tube distortion calculations. 

To 

The unit gave the contour of the tube with errors less than 3/16 inch. 

The Ma.rk I11 has now been modified to 
This 12-6 HV model has been 

Satisfactory programs were devel.oped for using the IBM-7090 to make 

Systems Studies 

A series of analog caaputer tests to determine equivalent reactor structure 
on a simulated distributed reactor was concluded with what appears to be very 
qcod results. 
ships and responses as functions of flux distribution, tenperature effects, 
and locations of flux detectors and control rods in the reactor. 

The tests were designed to provide information on interrelation- 

Equipment was installed at 100-Kw Area to obtain magnetic tape recordings of 
statistical fluctuations in reactor flux (reactor "noise" ), using the neutron 
in-core flux monitors install'ed recently. One attempt to make the recordings 
was cmsuccessf'ul because of a tape recorder,malf'unction. 

An intensive study of the caaplete NPR process was initiated in preparation 
for the scoping of an NPR simulation facility. 
of the NPR processes and control system to be included in the simulator was 
made as a first step in outlining; the prDposed simulator functions. 
primary locp and the water-to-water to water-to-steam conversion simulation 
requirements were outlined. A detailed list of the control, indicating and 
recordips instrumentation was then prepazed for cost estimating purposes a 

Sketches of the contrcd consoles were made tc show the proposed amount and 
arrangement of control roan detail which is to be included in the sintulator. 
mical. procedures for startup, equilibrium and normal shutdown were prepared. 

A simplified block diagram 

The 

The reactor instrumentation simulation studies have been canpleted and results 
fomarded to SpD. 

peratljres and power at each of six top-to-bottom nodes in the reactor for 
flux ctfszortion studies. Also studied were effects at each node due to a 
high parer level scram at a single node, and effects due to scram initiated 
by high coolant outlet tqeratures. It is planned to sFmulate the problem 

The simulation provided computation of fuel and water tem- 
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again in the near Future with an Il-node nodel. 
not presently available; the U-node model will be programmed on the EASE 
and GEDA cmters as soon as the necessary equipment has been received. 

This will require ewipxent 

=-node kinetics impraved simulator for reactor instrumentation studies is 
being designed. 
will take four to five weeks of computer time. 

This problem will use up all available analog equipment and 

Criticality Studies With Plutonium Solutions 

Critical mass experiments were continued with plutonium nitrate soltztions 
in a ILinch diameter stainless steel sphere reflected with a four-inch-thick 
spherical shell of concrete. Eleven experiments were performed, Criticality 
was studied as a function of the plutonium Concentration and acid molarity 
of the solutions. Some data were also obtained for evaluating the effect. of 
the stainless steel shell of the criticality vessel (the thin SS shell 
slightly reduces the effect of the cancrete reflector). Several experiments 
were run to check the consistency of the measured results. 

The plutonium concentration and acid molarity were varied so as to obtain 
criticality in the nearly full sphere for acid molarities of 5.6, 2.9, and 
i.2. From the data obtained, the critical mass for a Pu-water mixture is 
then estimated to be e633 g Pu. If -her corr ctions are made for the 
effect of the SS shell, and for the effect of PU~~, the critical mass 
becames -.550 g Fu2s. This due is in general agreement with the early 
Hanford experiments in the case of a 14-inch sphere fully reflected with 
wates. A comparison of these data shows the four inch concrete reflector 
to be essentially equivalent (within the experimental uncertainties) to an 
effectively infinite water reflector. Further, the critical mass of 550 g 
Pu239 in the four-inch concrete reflected sphere does not differ appreciably 
from the minhum water reflected value of 510 g Pu239 which is reported for' 
an aqueous plutonium solution1. 
layer of concrete will be used to increase the reflector thickness to ten 
inches . 

In subsequent experiments an additional 

Misceilaneaus Experiments for Nuclear Safety Specifications 
'(Measureznent of & in the PCTR for Aqueous UL32 Solution) 

Irrailiations were completed in the PCTR for determining the limiting criti- 
cal concentration of M aqueous $35 solution. 
ment is to re-evaluate and check the maxinun concentration of $32 for which 
& is 2 unity in an aqueous solution--this concentration is a usem 
quantity for nuclear safety applications. 
ments will be compared with those reported by ORNL and will serve as a 
further cross check between the two laboratories. me measurement will 
also provide another "imam value" for checking the PCTR method. 

The purpose of th? experi- 

The results of these neasure- 



This measurement was originally undertaken in February of 1961, but a reac- 
tion between the solution ttnd the aluminum tank walls occurred during the 
experiment, invalidating the results. 
ment were treated with Glyptol, since tests had shown this would eliminate 
the previous trouble. 

The tanks used in the current experi- 

For the experiment, the buffer tanks were filled with solution at a concen- 
tration of 13 cpns of U/S and the three core tanks with solutions at U, 13, 
and 15 gm of U/B, respectively. 
ccnaparisons of the three core tanks with an identical tank filled with 
helium. Preliminary results indicate the limiting concentration of the 93$ 
enriched U@F2 solution to be =: 12.95 epls of U/B (12.0 gms of $35/&), which 
is in good agreement with the value obtained at ORmL. 

The measurement consists of reactivity 

In addition to the reactivity measurements, gold foils were irradiated in 
later& traverse tubes through the buffer and core tanks to give values of 
the cadmium ratios through the system. Preliminary results of these irradia- 
tions indicate the cadmium ratios in the core tanks to be about nine. 

Ccaputational Program in Support of Plutonium Critical Mass EXperiments 

Wfect of Pu240 on the Criticality of Plutonium Nitrate Systems 

me effect of pu2b on the criticslit 

of 2.5$. 
terly Report for October, November, December 1961. 

of plutonium nitrate systems hs~ 
been computed as a function of the Pu h.0 content for incremental changes 

The results are reported in detail in the Physics Research &uar- 

ffect of the nitrate ion concentration, apart from the effect of the 2" poisoning, was also evaluated. In this case it was observed that the 
incremental effects of the nitrate concentration we such that added incre- 
ments of nitrate concentration had larger effects. This can be expected 
from the decrease in H/Pu ratio when large mounts of nitrate are intro- 
duced into the solution. 
increase in critical volume at 30 @/$ to dl.5 liter/mole at 700 gm/Z. 

The computed effect ranged from l~12 liters/mole 

A Model for the Fast Fission Parameter 6 

A.quantity of importance in the calculation of critical volumes for slightly 
enriched-water moderated lattices is the ratio of fast fissions in $38 
to fissions in U235. 
culated for isolated rods of uranium. However, for closely packed lattices, 
a fission neutron has a finite probability of suffering its first collision 
in a neighboring fuel rod. A model for the calculation of 6, which includes 
the interaction effect, has been developed. The results obtained using the 
mdel are in excellent agreement with experimental values for hollow and 
internally moderated fuel elements . 

The ratio, 6> has previously been successfully cal- 

Interactions of Subcritical Systems 

Criticality data for ten reflected cylindrical assemblies from ORNL was used 
%a evaluate the approximations made in the subcritical interaction program. 

*e experiments were calculated to be 0 to 4 percent low by the albedo and 

'-) f 7 t PI I L ,j k, i 1; Li 
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leakage method. 
made. 
data (that is, between no interaction and total interaction). 
angle appraximation also presents a difficulty. 

The critical matrix for interacting camponents has been fonmtlated with the 
solid angle as a parameter. 
not been cqletely successful, but simple revisions in the form of the bound- 
ary condition equations may give better numerical results. 

Consulting Services on Nuclear Safety 

Nuclear safety in HLO 

Specification K-1 covering fuel element storage and handling in the PRTR 
Operation was revised to include U02-0.47 w/o PU@ fuel e~ements.l,2,3 

Specification B-2 was issued to cover the handling o 934 $35 enriched 
uranium foils in the EKperimental Reactor Operation.E There are 263 foils 

At the request of the Radiometallurgy Laboratory5, an estimate was made of 
the fraction of a critical mass represe ted by the fissile materials cur- 

gemetry, water moderation, and water reflection, the December inventory 
represents 0.85 of one critical mass. The largest fraction is 163 lb. of 
1.6% $35 enriched uranim (0.24) and the next largest is U.2 g of plutonium 

An attempt to extend the method to interacting slabs was 
This attempt was hindered by a lack of medium-range experimental 

The solid 

Machine iteration for solution of the matrix has 

(3.8 Kg U). 

rently on inventory in the 327 Buil ding!. Assuming optimum conditions of 

(0.22). 

HLO Safety Specification No. K-1 (REV), Rules for the Storage Eind Transport- 
ing of Mark I Pu-A1 Fuel Elements (Al-2.8 w/o Pu Alloy) and Mcnctyl Fuel 
Elements (U@-.47 w/o PUO;, Mlxed Oxide), January 29, 1962. 

HLO Nuclear Safety Specification No. B-2, Rules for the storage and H&- 
ing of 9% $35 Enriched uranium Metal mils, ~anuary 15, 1962. 

Letter from R. E. Olsen to C. L. Brown, Critical Mass C-tation,  an. 8, 

Letter fran C. L. Brown to R. E. Olsen, Critical Mass Canputation on 327 
Building Inventory, January 15, 1962. 

1962 



Nuclear Safety in FPD 

The nuclear safety of a proposed storage facility for NPR fie1 element samples 
was reviewed and approved for the mineering Operation.lJ2 The new facility 
will consist of two groups of three cabinets, spaced ten feet apart; the loca- 
tion will be the 3706 9uuding.3 
16,000 lb. of uranium in the form of rings, cut from NPR inner and outer tubes. 
The cabinets are of sturdy construction and are securely anchored to the 

The total capacity of the six cabinets is 

Wall. 

1) 

3) 

4) 

Tbe nuclear safety of this array is assured by the following: 

The gemetry of the array is safe--the horizontal depth of the cabi- 
nets is 12 inches, which is 68s less than the minimum critical slab 
thickness for 0.954 $35 enriched uranium. 

The array is dry and there is a very low probability of flooding with 
water . 
If the fully loaded cabinets were to collapse and becme flooded, 
the 8000 lb. of uranium in the collapsed geometry would represent 
less than a critical mass. 

The two groups of three cabinets are ten feet apart, and therefore 
isolated from the standpoint of neutron interaction. 

Nuclear Safety in Transportation 

Cements concerning the nuclear safety of transporting 1.5s $35 enriched 
fcrel elements cross-corn 
and Utilities Operation. '3 This information was needed for a long range 

were submitted to the Construction Engineering 

that is being made to estimate the cost of supplying NPR with 1.5s 
enriched, 11-rod cluster fuel elements from an off-site vendor. It 

was pointed aut that nuclear safety in transporting unirradiated fuel elements 
depends primarily on two factors: 
container, and the degree of control that can be exercised Over the trans- 
porting vehicle. For example, if the fuel elements are in ordinary baxes 
and shipped by comnon carrier, the shipment wuuld be limited to about 0.1 

the design and integrity of the shipping 

Letter from C. L. Brown to W. G. €ludson, Comments on the Nuclear Safety 
of the Proposed Storage Cabinets for NPR Fuel Tube Samples, Janv 19, 
1962. 

Nuclear Safety Specifications for Fuel Element Manufacturing Processes., 
MJ- 47013 

Letter from W. G. Budson to L. L. Samford, Nucletxr Safety - 3706 Sample 
Storage, Januaxy 25, 1962. 

Persoa request from D. A. mpp to C. L. Brown, ~an~ary 3, 1962. 

Letter from C. L. Brown to D. A. fcnapp, Comments on the Nuclear Safety of 
Transporting le5$ $35 Fuel Elements, January 5, 1962. 



of a miaimam criticd mass. If, however, the fuel elements are in approved 
birdcages and these are shipped in an escorted or especiUy built railway 
car, then the quantity in the shipment would not be limited. Various load 
limits between these two extremes were quoted for 1.5% $35 enriched Are1 
elements. 

Mass Spectmtry 

The mass spectraneter for this program provided isotopic analyses of ten 
plutonium samples for CPD during the month. 
has continued to be satisfactory since replacement of the magnet sweep coils 
in December. 
revealed that heavy element sanqle sizes of the order of 10 nanograas were 
sufficiently large to provide isotopic analyses on most samples. 
were also made to attempt to find a background ion spectrum of thallium which 
had apparently been found on occasion in the other mass spectraneter. 
evidence could be faund for the existence of thallium ions or complexes in 
the background of this spectrometer. 

Operation of the spectraneter 

Sbudies which were made of ion source operating conditions 

Measurements 

No 

Instmnentation 

The “C” Column Simulation consists of an attempt to develop a satisfactory 
mathematical model of a pulse column used in chemical separations. 
possible models of varying ccarplexity have been derived and the asalog cam- 
puter is being used to determine the chemical constants necessary to give 
the best fit of each of the models to given experimental data. Same test 
cases were run this month. These were performed in an attempt to analyze 
some digital ccmputer runs. 

Faur 

Work on this study will continue in Febnrary. 

Maintenance continues to be a problem at the Critical Mass Laboratory. 
During the month, a routine maintenance procedure was written (SR Memo 
62-2). 
the routine procedures. 
instrument craftsman to perform this fUction. 
problems seems to be excessive heat in some of the instment cubicles. 
effort is being made by the landlord to increase the ventilation air flaw 
in the control roam and thraugh the instrument cubicles. Present tempera- 
ture in the control room is from 85 to 90 F. Most of this heat is produced 
by the electronic equipment; consequently, temperatures within some of the 
cubicles mn considerably in excess of 100 F. A scintillation monitor has 
been installed and is now being used in rod drop tests. The tests are 
being run to determine control rod worth. 
drop and immediately after the drop are used to calculate the negative 
reactivity of the rod. 

in dollars and R is the ratio of the flux after, to the flwc before the 
drop. 
photomultiplier tube anode current. 
trometer uutput which is an indication of neutron flux. 

Iack of funds prevented hiring an instrument craftsman to perform 
The present work load does not permit the regular 

One cause of the maintenance 
An 

The neutron levels before the 

The equation = - 1-R is used where K is rod reactivity 
R 

A fairly fast electraaaeter is used to measure the scintillation probe 
A fast recorder then records the elec- 

61 250 i ir3 
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NEUTRON CROSS SECTION PROGRAM F' 

Slm Neutron Cross Sections 

A foil of electrodeposited Am243 was received for fission measurements. 
functions of electronic eqpipment which were encountered during the month 
have caused measurements which were made to be unreliable. Nevertheless, it 
appears froan these preliminary measurements that the neutron-induced fission 
rates will be too low to obtain useful fission cross sections. In addition, 
the spontaneous fission rate seems to be lmer than has been predicted by 
phenomenological theory. 

Mal- 

Inelastic Neutron Scattering from Water 

The series of measurements to determine the correction due to half-order 
contaminant reflections in the monochromating crystals used in the inelastic 
scattering measurements has been completed. Analysis of the results has 
not been completed, but an appreciable correction to the inelastic scat- 
tering data appears to be necessary only for the scattering of 0.4 ev neu- 
trons. 
progress. These measurements are necessary to put the measured scattering 
cross section of water on an absolute scale. 
drive system of the second arm of the three-exis spectrometer has completely 
failed. Atemporary replacement is being procured. 

A series of measurements on a water sampie of known thickness is in 

A bronze worm gear in the 

Elastic Scattering of Neutrons fran Water 

Analysis of the previously obtained data on the quasi-elastic scattering of 
slaw neutrons from water has been continued. 
according to a new least-swes fitting program being written at Hanford. 
The results of fitting to the data of the scattering of 0.147 ev neutrons 
are essentially complete. The interpretation of the fitted functions is 
in progress. 

Data have been re-analyzed 

Fast Neutron Cross Sections 

The analysis of the neutron total cross section data previously obtained on 
Li, Na, K, Al, Fer and Cu frm 3 to 15 MeV is in progress. particular atten- 
tion has been paid to the effects of instabilities of the time-of-flight 
system during the measurements. Preliminary consideration has been given 
tc the design of a data-reduction program for the computer including the use 
of a punched-tape output from the data storage analyzer. 
locating system for the Van de Graaff is being modified to permit use at 
hiaer beam currents. 
plates to suppress alternate cycles of the swept beam has been fabricated. 

The precision beam- 

Also a new RF deflection system which uses quadrature 

REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM RECYCLE 

Fuel CYclinR in Fast-Thermal Reactor Cmlexes 

Work on a fast-thermal reactor complex, briefly alluded to in the previous 
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consists of an APWR-type thermal machhe coupled to a fast mide breeder. 

Chaages in the Pu isotopic canposition of the APWR are being examined, by 
means of the MELEAGER code, for a yariety of initial Pu enrichments. The 
thermal reactor input plutonium is derived fran a fast reactor breeding 
blanket. 

A simplified model of the Pu buildup in the fast reactor blanket, assuming 

canstant flux, constancy of $8 and &(O) = @(O) = 0 yields the approxi- 

mate relation, I$/& N 1/2 ( uc*/Uc28) &/$8. For a typical fast mide 

( uc 49 /uc 28 ) - 1, so that is approximately the geometric mean 
and 9. One might note parenthetically here, that for a thermal 

reactor, the ratio 1/2 (Uc4/ac28) is of the order of a hundred. 
much lower burnup in the thermal reactor, for ccanparable plutonium quality. 

This hplies 

An improved matrix diagonalization routine was also used to examine the fast 
blanket pu buildup. 
clearly the great potential of the fast reactor breeding blanket as a pro- 
ducer of high quality plutonium, which can be used as thermal reactor fuel. 

Plutonium Values in Fht Spectrum Reactors 

For constant flux operation, the results show very 

The first phase of the plutonium value investigation in fast spectrum reactors 
has been concluded. 
the study has been prepared for publication. 

An informal report (aW-72304) describing the results of 

PRTR "Phoenix" Ne1 Brperiment 

A set of preliminary cases was run on the SWAP code to study the effect on the 
spectral hardening of varying the plutonium concentration and changing the 
absorption cross section of the process tube in the central cell of the PRTR. 
Initial results look encouraging in that the required hardening of the spec- 
trurt possibly can be obtained with plutonium concentrations and process tube 
cross sections that are within realm of reality. 

At present more cases are being run to acquire data for a greater range of the 
variables. 
of performing a "Phoenix" fuel burnup experiment in the PRTR. 

This study is being perfonned in order to determine the feasibility 

The Critical Facility of the PRP 

Specifications and restrictions which will be used when the m-CF is being 
operated are being established. 
used when fuel elements are loaded and unloaded fram the reactor and those 
for core changes other than fuel element changes are being prepared for presen- 
tation to the GE Technological Safeguards Coubcil. 

In particular, the procedures which will be 

The description6 of the Physics experiments which will be conducted at the 
startup of the Critical Facility are being reproduced (m-71214). 
of the experiments will be used to determine basic loadings, evaluate the 
hazards involved in operation, and to assure the mer-all operability of the 
f acuity. 

The results 

qrr t sir 
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Two modified IBM 704 codes (RE126 and RE2.35) from Argonne Mational Labora- 
tory are ready for calculations which involve the kinetics of the FRP-CF. 
The modifications include an increase in the maximum number of delayed neu- 
tron groups fram 30 to 50 (because of the photoneutron groups required for 
the PRPCF) and the removal of the requirements that all of the input be 
repeated when more than one case is m. 
behavior of the flux in a reactor following a step change in reactivity by 
solving the space-independent kinetics equations for one thermal group of 
neutrons. 

Both programs calculate the 

It is assumed for ~~26 that the reactor is running at a constant power level 
before any reactivity change is made at either critical or subcritical condi- 
tions. 
equilibrium at the time of the change. 

In addition, all delayed neutron precursors are assumed to be in 

The same assumptions hold for Rn35 except cases in which the precursors 
are not in equilibrium can be calculated. 

Code Development 

Several attempts to resolve the discrepancy between empirical and analytic re- 
sults of the uranyl-nitrate critical mass experiments have had same success. 
The neutron spectra obtained frcm the Monte Carlo portion of RBU appears satis- 
factory in all respects. The previously observed excessive particle leakage 
was at least partially corrected by a correction in the atom density of bydro- 
gen in the reacting solution. Other improvements were made in the description 
of the critical assembly as seen by both the Monte Carlo and Diffusion programs. 
Currently, the reactivity value calculated by the Diffusion code is 0.954 as 
compazed to the empirical value of l.OOll, which indicates errors still exist- 
ing. 

Several portions of the Monte Carlo have been flow-charted, and numerical 
evaluation of input data, values calculated during the Monte Carlo, and output 
data continues. 

I3nther cmmnication with J. P. Burr of Atunics International indicates the 
random number generating techniques used are satisfactory as are the neutron 
ages in the Monte Carlo. 

Fmgran SHUSH - Sphericai Il&rmonics Using the Standard HFN--was coded and 50 
percent debwed. 
cards which, when read by HFN, cause HFN to run multi-energy spherical 
harmonics calculations in slab geometry. 

or double P-3 appraximations to the transport equation, with arbitrary iso- 
tropic transfer from group to group. 
in each group SHUSH is limited to from five to twenty energy divisions, and 
uses the same logic as the FLIS code within each group. 

r-2 
c-? 
c.2 

SHUSH reads basic neutron diffusion parameters and punches 

-- 
9 .- 
t- analyzed using diffusion theory on the P-3, P-5, P-7, double P-1, double P-2, 

Depending upon the angular detail used 

Different energy groups may be 

(. **, 

-rscn, B. L., et al., "FLIP-An IBM-704 Code to Solve the pr. and Double- 



Lattice Parameters for Low Exposure Pu-A1 nels 

A sumnary report on the experiments using low exposure Pu-A1 fie1 ln graphite 
lattices is in preparation. 
lattice canponents, the masses of copper required to poison the lattices to 
unit multiplication and tabulations of foil activation data. 

Included in this report are descriptions of the 

Doppler Coefficient of Plutonium Fuels 

A report has been prepared which describes the PCTR experiments to measure 
the fuel temperature coefficient of Pu-A1 fuel. 
change in the reactivity of the PCTR was measured as a section of Pu-A1 fuel 
in the center of the core was heated frm roam temperature to -4000 C. 
wasurements were made with aluminum dummies, with 1.8 w/o low exposure Pu-U 
8nd with 2.1 w/o high exposure Pu-AI. in the test cell. 
etudes of the fuel teqperature coefficients of reactivity were obtained 
frun the data. 

EPfectiye Resonance Integral of Pu240 

s he experiment to measure the effective resonance int 
to the dilute resonance integral as a function of Pu 
been caupleted. 
results and are probably satisfactory. 
reactivity change as a Arnction of Pu2b addition because of self-shielding 
effects in the one volt resonance region. 
experimental data has been started. 

The abstract follows: The 

The signs and the 

al of ~~240 relative 
concentration has 2w 

The data collected are not inconsistent with the expected 
There is a marked non-linearity of 

Detailed interpretation of the 

Neutron Spectrum Studies 

Neutron Rethenaalization 

An abstract of a paper entitled "Meutron Rethenaalization in GraDhite and 
Water" was submitted to Dr. Corngold of BNI, for approval for inclusion in 
the proceedings of a conference on Neutron Thermalization to be held at BNL 
frun qprU 30 through ~ay 2, 1962. 

An aaalysis of the differential neutron spectra measured by Coates and 
-her (AERE-R-3839) was caupleted this month. 
fair agreement with their observed spectra for graphite temperatures of 160, 
244, and 321°C. The disagreement at 2OoC, reported last month, has not been 
resolved. The fair agreement found here had led to a new analysis of the 
graphite thermalization experiments using "Burwitz Spectra" in place of 
Westcott Spectra". The sets of rethexmalization cross sections obtained 
with the two spectra differ by appracimately 2%. 
sidered a measure of the absolute uncertainty in the cross sections since 
the respective spectra represent extremes of the possible choices of spectra. 
The results are ccanpared in Tables I and 11. 

"Burwitz Spectra" are in 

This difference is con- 



TABU I 

-ION CROSS SECTIONS OF 300% GRAPHITE FOR Tn NEUTRONS 

mit z West cott Average 

*n 

144 

Geth 

cm-1 

Creth Creth 

cm-1 

0.018 0.016 0.017 

523 0.037 0.044 0.040 

690 

828 

0.034 

0.031 

TABLE I1 

0.045 

0.041 

0 039 

0 .os 

mZATION CROSS SECTION OF Tm GRAPHITE FOR NEUTRONS AT 

Eurwitz We st cot t Average 

TEl Creth Creth Ereth 

cm-1 

144 .0071 

cm-1 

.ow2 .000 

523 .036 .Ob7 .Ob1 

690 *053 .066 .C60 

828 .056 -069 .062 



Absorption Rod Bperiments 

Traverses of the activities of 
1961) in and near a 5.31 inch diameter copper rod imbedded in the graphite 
core of the pcIlR. 

to compute the theoretical traverses rather than numerical methods. 
multithermal grarp model with an "absorption spectrum" is being used to des- 
cribe the space-energy distributions of neutrons . 

Eu'P and Luln were measured (in Cy 

A partial aaalytic solution of the problem is being used 
The 

Critical  ass Studies for 1.8 w/o pu-fi Fuel 

Experiments to determine nuclear parameters for 1.8 w/o Pu-AI. fuel are being 
conducted in the tank in the TTR reactor room. The experiments consist of 
approach to critical and exponential measurements with lattice spacings of 
0.75, 0.85, 0.90, 0.95, and 1.05 inches. 

The approach to critical using the 0.75 inch lattice spacing has been cmp- 
leted. A critical loading of 
4009 gms Pu was indicated by extrapolation of the inverse multiplication 
curve which included a loading of 95% of the critical mass. 

The fuel rods were half-length PRTR rods. 

These measurements will help establish nuclear safety specifications for 
PRTR fie1 processing and will supplement similsr measurements which are part 
of the PRP-CF program. 

Anomalous Disadvantane Factors 

At the request of Programming Operation an apparent anomaly in the thermal dis- 
advantage factor (&&ael), obtained from 9 calculations in the IDIOT 
code for a small. f'uel rod in a water annulus, was investigated. The rod has 

cm-1. The moderator has Ca = 0.01.1946 a-1, CSO = 2.2111 m-i, cS~ = 0.9389 
cn-l;cS2 = 0.1891 cm-1. 
96.054 was assigned to the moderator region and a corresponding value of 0.103 
in the rod. 
S-X transport S4 calculations are shawn?elow: 

radius 0.3065 ~m, Ca = 0.12038 a-1, Cso 0.34493 a-1, Cs 8.517 x 

A slowing dawn source uniform in space and angle of 

A comparison of the IDIcVr , the ANP Program I2 9, and the 

Cell Radius Disadvantage Factors Rod Blackness 

Source in Rod rent/Flux Rati 
I2 12 'With No S-X. from S-X Cur- cm IDIOT I2 

C s2=0 - 
0.416 1.0510 1.0517 1.0481 1.04a2 1.637 0.06859 

0.577 1.0351 1.0352 1.0334 1.0335 1.0418 0.07002 

0.701 1.0332 1.0333 1.0321 1.0321 1.0389 0.07027 

The reason for the decreasing disadvantage factor with increasing moderator 
thickness, an anomaly in diffusion theory but consistently displayed in the 
higher harmonic approximations, can be explained in terms of the change in 
blackness of the rod which occurs with the change in angular distribution of 
&&& incident on the rod. 
as well as optically, the neutron suurce+.*bc,yfwsee due to uncollided 

When the moderator annulus is thin geometrically 

1 j2kb- :L;'.~,..-~~ 

.A*.?%&- k. t b' II a m i Pi,.r r..\ nkp Lr ~ r.' 
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plus collided flux in the moderator is smaller normal to the surface than for 
glancing angles. 
at the rod surface which is bulged in the tangential directions, as evidenced 
by the S4 vector flux printouts (not shown). 

The effect of this smce anisotropy is to produce a flux 

Bulging in the longitudinal direction tends to increase the blackness by mak- 
ing longer longitudinal rays in the rod more probable, while bulging in the 
circumferential direction tends to reduce the blackness by making shorter 
path lengths more probable. 
had only a smR'L1 effect on the longitudinal bulge in S4, and was small to begin 
with, probably because exponential attenuation of long longitudinal rays in the 
moderator is limiting on the source strength at the rod Surface for large polar 
angles, The azimuthal rays are short, however, and are proportional to 

vcod - rgod , while the rays normal to the rod surface increase as 

The change in thickness of the moderator annulus 

rmod-rrd. Thus, the ratio of azbuthal to radial source strength goes as 

and is changing very rapidly with moderator radius when the 

drmod - rrod 
annulus .is thin. 

The rod blackness, as a result of the fact that fewer paths go through the 
thicker regions because of the flux anisotropy associated with thin moderator 
annuli, tends to increase with increasing moderator thickness and approach a 
limiting value, as indicated by the S4 results. 
duces the anomalous behavior of the disadvantage factor, since a smaller black- 
rAess forces a larger moderator flux in order to produce the same absorption 
rate in the rod. 
when the moderator is about 1 mpP thick. 
constant blackness and the usual trends of increasing moderator flux with 
increasing moderator thickness until the moderator absorption rate at large 
radii equals the source strength. 

This change in blackness pro- 

JUdging from the case in point here, the anamaly disappears 
For thicker annuli, one would expect 

Homogeneity and Nondestructive Testing of Pu@-UCpPRTR me1 Rods 

A brief review has been made of the problem of PuQ-UQ homogeneity and non- 
destructive testing of PRTR fuel rods. Attention was given to the heat flux 
specification for PRTR fuel and the flux distributions for the PRn. 
appears that a tolerance of ?r 5% on the homogeneity of PUQ is needed only 
in the vicinity of flux peaks. 
greatly reduced. 

It 

Hence the fuel rod testing problem can be 

L?s t nunent at ion 

The feasibility of using a microwave resonant cavity as a sensitive linear 
displacement transducer for in-reactor metallurgy creep measurements was fur- 
ther investigated. 
approach; one as the measurement cavity and the other for reference. 
reference cavity is tuned so that the resonances of the two coincide as ob- 
served on an oscillosccpe. With this arrmgement, the reference cavity can 
be reset with reproducibility of two microinches. A conceptual design has 
been developed for an automatic servo drive on the reference cavity. 

Two identical microwave cavities were used in a new 
The 



The microsecond scalhg system for the PRCF has been coqleted and placed 01: 

test. 

Documentation regarding the economic and scientific justifications for the 
proposed experimental digital control canputer was prepared at the request 
of the E. 

The general design was caapleted for a scintillation transistorized PR!CR 
liquid effluent monitoring system to be used for containment trip purposes 
in place of the presently used, unstable ion chamber plus ccrmmercial log elec- 
traneter system. In addition, an added design was completed, similar to the 
foregoing except 100 times more sensitive, for a parallel sensitive system 
to be used for very low-level contamination monitoring of the PRTR effluent. 
The two parallel systems, including scale overlap, will monitor the effluent 
for fission product contamination levels froan about lom6 pc/cc to 1 pc/cc. 
Double selectable level trip alarms are included in both basic units. 
the prototypes perform satisfactorily, two more parallel containment level 
trip instruments will be fabricated to provide two-out-of-three redundancy. 

If 

The study of ways to minbize the tauperatwe coefficient of reactivity of 
the proposed ETUR has continued. The problem is to determine a design such 
that changes in the leakage rate of neutrons from the reactor and the change 
in thermal utilization nearly cancel. The effect of varying the size of the 
reactor is being investigated to see if the taperature coefficient can be 
reduced by this means without a significant loss of sensitivity of the reactor 
to changes in the core. 

PHOENM FUEL 

ARMF-HI% EXperiments with Plutonium Fuel 

Samples of Pu-A1 which contain boron have been fabricated. 
these samples is to calibrate the ARMF. 
factorily by using an aluminum-boron master alloy. 

Chemical analyses to determine the boron content and uniformity is very d.iffi- 
ctilt to accomplish because of the nmn'll content of boron. 

A method of using reactivity measurements tc check the amount of boron which 
was introduced into the melt cmpared to the amount actually in a s-le is 
being considered. 

The purpose of 
The samples have been cast satis- 

mEuTRON Fulx MONITORS 

Plans were formulated to coordinate the activities of the various groups to 
be involved in the test irradiation of the experimental breeder foils now 
being prepared. 
trates was achieved experimentally. 
stainless steel holders; however, a special commercial alloy will be used for 
the actual test samples. 
tions sintered in carbon. 

Successf'ul deposition of uranium solutions onto carbon sub- 
The substrates are currently applied to 

Similar work was accomplished with plutonium solu- 
The foil structures are to be analyzed using photo- 



il 

A revised draft of the interim report on In-Core Neutron Flux Monitors was 
written and submitted for typing. This report summarizes all theoretical 
and experimental work to date for various plutonium and plutonium-uranium 
ccmposition breeder detectors. 
constancy of response, and useful lifetime are discussed in terms of the 
effects of flux level, flux changes and distribution, and irradiation time. 

The detector parameters of sensitivity, 

INrther analyses were canpleted regarding microwave techniques for in-core 
flux monitoring which would be feasible for use at 600~~ in a flux of 1013 
m or greater. 
produced in a cavity appear most attractive for detailed investigation during 
the next several months. 
microwave spectroscopy methods for detecting neutron-induced nuclear trans- 
mutations will be deferred until more suitable equipment is available. 

Microwave noise measurement methods for measuring ionization 

More extensive experimental investigations of 

NONDESC'RUCTIVE TESTING mEARCH 

Electrmagnetic Testing 

The mktiple parameter eddy current test equipment used with a simulated 
multi-layered test specimen was modified to increase sensitivity and to 
imprave stability. 
by a factor of fifty, and resolution of the most sensitive bridge null 
adjust control was increased by two orders of magnitude. Stability of the 
input circuits was increased by providing additional shielding and by 
installation of rigid wiring to reduce variations in stray coupling. Test 
coil driving current waveform was improved by use of additional filtering 
in the drive circuits. Measurements of the signal descriptors, or Fourier 
series coefficients, can now be determined with one percent precision, and 
can be repeated to this same precision Over a period of several days. 

Avsilable drive current for the test coils was increased 

The stability and linearity of the amplifiers in the transformation section 
of the equipment are now being checked. 
this section the evaluation of the method for separation of parameters in 
the three and four parameter cases will be resumed. 

The four parameter summing network fabricated for use with the okbhogonal 
exponential expander and sampling circuits was checked for operation. It 

was found that individual bias controls must be added in the sampling cir- 
cuits to reduce undesired transmission of signals through the sampler at 
times other than during the sampling period. The remainder of the circuit 
is operational, and detailed stability and linearity checks will next be 
made. 

Following any needed changes in 

Heat Transfer Testing 

The compact radiometer installed last month was found to perform more satis- 
factorily than the original radiometer used in these tests. Sensitivity to 
small heat transfer defects in bonds of aluminum clad uranium fuel elements 
was improved by moving the radiameter around the fuel element closer to the 
heated region; the area viewed by the radiometer is now 1/4 revolution away 
from the plasma flame. 



mssi-rity differ~nccs are still thc mjcr limitation in test sensitivity. 
pertid ccmpezlsatxz fer emiasilrity differexes WB~ made by using reflected 
mared aperiqcsed cr! that eLitte6 from the hat fuel element surface. 
msI colehined with the &her irol;rovanents*. resated b the definite detection 
cf a l/Linch-diameter bo& aefect iri m aluminum clad fuel element. Hmever, 
still greater sensitivity will be rewed t? permit hetectim of slight dif- 
ferences u1 bd CondLcti-Jity ~LUE tc metallurgical camposition irariations. 

Initial teste hsve estatlisbed design parameters for s new type of emissivity- 
-pede& Eysta. 
system using relstively &@e ewpent 

Savh River LabcrGtcry has supped seven nickel bonded, 6lumixn.m clad, 
uranium hel elemects, a& Fuels Freparaticn DeFartmentp HAW. has furnished 
130 AlSi bonded. dxnunum clad, ur8~uillz fuel elements for heat transfer test- *. 

I-c shculd be possible tc test the concept of this new 

Zirconiun mlde Detectim 

Swec Lyclrided Zircaloy-2 samples contdzinn ?ram less than 50 to 500 ppm, 
&tad last mmth, were rnet&llographic& analyzed and ameared to be 
within the expemed conzentratisn rauges. Six sections of Zircalay pipe 
cmtsking -1, nigbly byi.ridei ,qrts were als9 obtained. 
made 3y Testing Metho=ls9 FPD. have shx that no strong reflections from the 
iserfacc between the hwiaed ax5 non-hydrided rnetal occurs ir the pipes at 
frqiencies of 2.5, 5; ad 10 mc. 
samples for dtra lat energy llrlrtron raography has been received fram 
mold Berger, Arg3nne NaticmiL Ubcrarory. 
ferer,ces 
gen cmxentraticns bel= 1000 ppn. 

Ultrasor;ic tests, 

A reqest to Msh hydrided Z~rcdoy-2 

It may be possible tc see dif- 
l0;t energy neutrzrr abscrptim by samples having different hydro- 

Thecry Micates that under certairr circmtaxes: it may be possible to 
detect differenazc 1=; 12.trsmi.c Trelocity aad sttenistion ir, Zircaloy 
ssmples zataiziing iiffererrt Bmcnints cf hydrogen. The feasibility of using 
speclal cltrascnic effects tc dstect wxde in Wrcaloy wili be determined 
when the recexitiy cr&ereci ultramu: qerimeEtatim systa arrives a 

k 83i effort to detest loccil hydriding in Zircaloy-2! 
technips we being apglied tc masure the Hsll coefficient d resistivity 
of a ssmple with s sxngie tes? prC5e. Ycrk h&ts contbued on the preliminary 
stages of the prc3lem ~z~ing ti bi,w&l: semple and a cne-kilogauss magnetic 
fid.8 F31 an effcn to cptlmize test sensitivity tc the pclnt where Hall cur- 
rents in hydride& Zircalcy WE detsx&lee FresentLv, signal-to-ntill ratios 
of better than 100-tc-cxie 8se being o%tainej.. 
by et least a factcr of 10 befcre tests with mcaloy samples can be attempted. 
Some diffimlty has been experlenced 111 obt- an oscillator with the re- 
@red purity cf 100 KC mtput signal for driver coil excitation. A crystal- 
controlled cscillator is being fabricated in an effort t.0 improve the quality 
of the driving signal. Comparative tests using several different test coil 
geometries =e also k progress. 

current testing 

This ratio xm!.st be increased 



X-Ray Stress Analysis 

X-ray diffraction can be used to nondestructively measure elastic residual 
stress in metals. However, it cannot be used to measure aver-all residual 
stress after plastic deformation of the region being measured. 
to non-isotropic straining of the individual crystsls seen by the X-rays; 
some crystah yield and leave their neighbors in a highly elastically stressed 
condition, regadless of over-all stress levels. 
mine engineering stresses from X-ray measurements assume a hanogeneous, 
perfectly elastic medium. 

Ecperiments were conducted with the assistance of Chemical Research with 
available laboratory X-ray diffraction equipment. 
steel bar in tension were within 2oqd of the actual stress values at 12,000 
and 25,000 PSI. 
in pipes due to welding. 

-test to determine whether stress relief after welding had been adequate. 
Initial data indicated plastic deformation of the pipes occurred in the 
region of the weld, and accurate measurement of the stresses before stress 
relief is not possible. 
then heat treated so that one was believed to be fully stress relieved and 
the other was not. 
broadness of the diffraction lines fram the vapor blasted surface of these 
two pipes. Analysis of the data in an attempt to quantitatively determine 
the stress levels in the heat treated pipes is underway. 

This is due 

Theories applied to deter- 

Measurements on a mild 

This result encouraged an attempt to measure residual stresses 
Such measurements would be a useful nondestructive 

However, two welded pipes were vapor blasted aJld 

Initial data has shown a striking difference between the 

It may be possible to use a sand blasted surface on the pipes as a sensitive 
qualitative indicator of whether or not the pipe has received adequate stress 
relief. 
extending about 0.005 inch into the metal. X-ray diffraction lines from such 
material are greatly broadened and resolution is very poor. 
returns the line character to that of the original metal. 
would have to be done before heat treatment and not be repeated until after 
X-ray testing. 

Sand blasted surface consists of highly plastically deformed metal 

Stress relief 
Sand blasting 

The method being attempted for the quantitative stress measurements was des- 
cribed in a paper by Eckard Macherauch, "Modern Techniques in the Determina- 
tion of Stresses by Means of X-Rays", Proceedings of the Third International 
Conference on Nondestructive Testing, pp. 720-'(2(, March 1960. It .is neces- 
sary to remove the sand blasted surface by grinding and etching before such 
measurements are made. A number of etch baths were tested, and the one which 
finally gave a reasonably smooth surface was comprised of 12$ HI?, 4$ HN3, 
and water. A smooth surface is necessary since pitting can leave sha;rp points 
of unconstrained metal which are not representative of the actual residual 
stresses in the metal. 

. 

Uaging Methods for Ultrasaund 

Ultrasonic beam image contrast was improved greatly this month by addition 
of a special optical stop at the focal plane of the light source. 
stcp permits observation of a~ly diffracted order and sFmultaneously removes 
light from the other diffracted orders and most of the stray light which is 
scattered into the field of view. 

This 

Diffracted orders higher than zero have 



Either half of the symmetrical pattern can be viewed independently, which 
further improves image contrast. 

Following these improvements, some initial observations of Lamb wave propa- 
gation in flat Zircaloy plates and small diameter tubing were made. Several. 

modes were observed. Photographs of mode propagation and mode conversion 
at the end of 0.Okinch-thick plates were obtained froia vhat are thought to 
be the fifth symmetrical, sixth symmetrical, ad sixth asymmetrical modes. 
The modes which were generated due to conversion at the plate edge have not 
been identified. 

Mode propagation in 0.680-inch I.D., 0.035-inch wall Zircaloy tubing and 
mode conversions due to a 0.010-inch-deep notch machined in the O.D. were 
also observed and photographed. 
though perhaps not to the extent of that which was observed at plate edges. 

By careful optical. system adjustment, a single portion of the energy con- 
verted at the tubing notch defect was independently observed. 
trast was obtained., indicating a supplemental method for ultrasonic defect 
detection may be feasible. 

Mode conversion at the notch was complex, 

Good image con- 

USAEC-AECL COOPEmTIVE PROGRAM 

Nondestructive Testing of Sheath Tubing 

Studies of ccanparative ultrasonic signal strengths for various test angles 
continued:. For each ultrasonic mode, a phase velocity exists which is equal 
to the longitudinal velocity. 
.predominantly horizontal particle motion at the tubing surface should result 
in a larger signal than at other angles. Studies are in progress to examine 
these relationships at various frequency-depth (fa) products for plates and 
tubing. 

At the corresponding incident angle, the 

Before the different modes can be predicted, the incident angle, thickness 
of plate, and frequency must be known. 
are readily established but the frequency may not be precisely known, 
since transducers vary considerably in their central frequency. 
cf estimating the frequency is to messure the group velocity and mathemati- 
cally appraximate the fd product and subsequently the frequency. 
cal expression has been derived for approximating the fd product by use of 
the graup velocity equation and the freqpency equation. 
group velocity are in progress. 

The incident angle and thickness 

'One way 

A mathemati- 

Measurements of 

The ultrasonic responses frm three supposedly identical reference notches 
were measured. 
2.25 f 0.25 mils wide by 250 mils long and was located in the center of a 
6-inch diameter ~ircaloy-2 plate. 
mils with a grain size of 15 microns and a surface finish less than 32 rms. 
A lO-mc, 3/8-inch, spot-focused transducer was set at the angle for maximum 
response and each notch examined from one side. The plate was then rotated 
180 degrees and the notch examined from the other side. 
arbitrarily established by adjusting the response from Side #I, Plate #1 as 
80 percent of full scd.e. The follaring results demonstrate the difficulty 

Each notch was electro-machined 2.0 k 0.2 mils deep by 

The plate thickness in each case was 38.5 

The initial gain was 
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of obtaining uniform ultrasonic response from supposedly identical fabricated 
notches: 

Side #1 

side fi 

mate #l Plate #2 Plate #3 

80 .O$ 78 *O$ 70.8 

74.* 100 .of$ 80 5s 

Desiption of Side #l and Side #2 was arbitrary. 
are uncorrected for possible system non-linearities. 

The above measurements 

The transducer response measurements using the small ball-bearing technique 
axe about 75s cqlete. 
and a polaroid camera was developed to expedite this work. This system can 
also be used for measurements using small diameter transducers as the beam 
sampling element. 
taken using the schlieren system. One of these was scanned with a commercial 
densitometer to obtain a plot of beam response which could be coxupared to the 
ball-bearing method. 

The repetition rate of the Immerscope has been increasedto 2000 pulses per 
second by specid circuit changes. 
faster and more reliable tube testing. 

A servo system consisting of an x-y oscilloscope 

Several transparent photographs of a transducer beam were 

The results of the comparison are not yet cqlete. 

Faster repetition rates should allow 

By tuning the transducer and cable, a signal gain of 50 to 60 times the 
normal response was achieved with a UR600 Reflectoscope. 
gain increase of 20 to 30 obtained by tuning the lbunerscope. 

This compares to a 

PHYSICAL RESEARCH - 05 PROGRAM 

Mechanism of Graphite Damage 

Apparatus was designed and fabricated that will be used in the measurement 
of %herma3 conductivity of graphite. 

BIOLOGY AND =KINE: - 06 PROGRAM 

AtmosFheric Physics 

Field experiments in atmospheric diffusion and transport were resumed at 
Cape Canaverd9Flcrida, 3n January 11, 1962, under the direction of Atmos- 
pheric Physics' personnel. We fully trained Pan American Wcrld Airways' 
field perscnnel, and by month end, twenty-two experiments were completed 
Sespite preerqticn of considerable suit.able range time by other programs 
82; the mssile Test Center. 
and assayed for tracer dosages by month end. 
data indicated that all seven of the experiments were successful. 

Samples from seven tests were received at HAP0 
Preliminary examination of the 

Preparations were made for startup of the second series of experiments at 
Vandenberg Air Force Base, California, by February 5, 1962, 
and essential material to be supplied by Hanford were on-site by month end. 

AU. personnel 

1250i5b 



Additional data collected thruughout 1961 to confirm earlier 
errors in field dosage measurements due to anisokinetic sampling were analyzed. 
During fifteen experiments, identical sampler assemblies were placed adjacent 
to each other at various field positions with one sampler drawing air at the 
ncrmal rate, and the other drawing no air, in order to determine the amount 
of zinc sulfide impacted on the sampler. The amount macted was relazed to 
the wind speed and the measured dosages corrected for the impaction effect. 
Duhg neutral and stable atmospheres, a consistent relationship was found 
Over the wind speed range 0.5 to 4.0 meters per second. 
coditions, the results were more scattered and the results less definitive 
due to the higher turbulence levels. 
duing stable conditions, the excess dosage due to izpaction was determined 
to be 15, 10 and 4 percent for sampler volumetric flm rates of .25, .5 
and 1 cfm, respectively, with a standard error of about 25 percent of the 
value. 

estimates of 

During unstable 

At k.0 meters per second wind speed 

These impaction errors were less than expected. 

In OUT rain scavenging work, 200 minutes of good Quality records for determ- 

was much below nomal this winter. 
light rain of Novenber 30, 1961. 
for such law rainfall rates and small droplets as found in that ?%in. 

raindrop spectra have been obtained to date, even though the rainfall 
Several spectra were computed for the 

There are apparently no published spectra 

A protozype particle detector developed by NIO was field tested. 
ment continuously monitors ana records the concentration of fluorescent tracer 
in the atmosphere. 
:he iastment wdd detect a tracer concentration of L x 10-8 grams per 
ccbic foot. 
ling capabilities during atmospheric diffusion studies, particularly in 
detedrdng the effect of wind speed and direction shear with height, the 
peak to average ratios of concentration and the eddy-flux of material trans- 
pone& thrmigh a vertical suface. 

The instru- 

On the basis of the field tests, it was e tinated that 

This device promises to fill a much needed anomaly in our sanp- 

Dcs me= ry 

A new standard source was cuunted with the 1-131 counter. The counting rate 
did not agree with that predicted from the calibrction. 
facaor of 2.5. 
in errcr or if same change has taken place in the counter. 

They differed by a 
We do not yet how if the standardization of the source was 

A study of the background of the P-32 counter showed that about half of it 
vas originating in the lucite light pipe--probably from Cerenkov radiation. 
Operation with an air light pipe was tried. Backgraund was reduced by one- 
third and the pulse height was slightly increased. 
be still further reduced by replacing the glass in the crystal mount with 
Quartz. 

Apparently background can 

Two subjects known to have eaten Columbia River whitefish were counted with 
the P-32 counter. 
Quantitative evaluation was hindered by increases in their zn-65 burdens 
which also took place. 

The positive ion accelerator operated satisfactorily during the month. 
helium flushing system was completed for the gas target. 

Increases in their counting rates were easily o5served. 

A 
Preliminary tests 



with the target show good operation with high emission and negligible contami- 
nation. 

Tests were made of the LiI scintillation neutron spectrometer, The expected 
improved resolution at low temperatures was found. 
however, did not survive the temperature cycling and they have been returned 
to the dacturer for repair. 
ture and found to give improved resolution. 
ture cycling; however, this does not seem to have affected the resolution. 
Pre1imina;ry studies indicate that pulse shape discr-tion may be profitably 
applied with both LiI and KT. 

The crystal mountings, 

KI crystals were &so tested at low tempera- 
The KI cracked due to the tempera- 

Development is proceeding of apparatus and techniques for high counting rate 
experiments with the Van de Graaff. The purpose is to permit some precision 
long counter experiments to be carried out during a normal working day. 
ficant deadtime corrections are needed in such work. 
ing to obtain Bq tubes with siaficantly better resolution, stability, and 
insensitivity to gamma ray effects together with conformity to the Hanford re- 
quired design. 

As part of the measurement of neutron fluxes at near-background levels, back- 
ground studies were made of the Bq tubes. 
ing rates are low enough that statistically significant measurements can be 
made at background neutron flux levels. 

, counting rate is decreased only slightly by placing them inside the large 
neutron moderator. 

Signi- 
Attempts are continu- 

When wrapped in cadmium, the count- 

For tubes wrapped in cadmium, the 

A least squares fit by IBM to the calorimetric data for Sb-124 gave a half- 
life of 60.24 f 0.02 days. Checks of the cdibration and drift rate of the 
calorimeter shared good stability during the half-life measurements. 

Radiation Instruments 

The laboratory coincidence-count alpha air particulate monitor continued to 
perform correctly, and detailed design was completed for fabrication of a 
field-demonstration instrument. A number of lmproved circuits will be used 
in the new instrument to further improve reliability. 

Several off-site manufacturers indicated interest in bidding on the fabrica- 
%ion of a number of modified pencil dosimeters. These will be used with the 
iliminated fiber pre-selectable alarm level personnel dosimeters. Drawings 
also are being prepared for the modified pencil which is used with the develop- 
mental personnel dosimeter with a miniature register readout. It is planned 
to have six of each of the two types of mdified pencil dosimeters fabricated 
off-site. These will be used in fabrication of personnel dosimeters of the 
two basic types for field tests. Circuitry fabrication and packaging will be 
done on-site to meet various plant requirements and to include adaptability 
to telemetry. 

Experiments continued concerning thermoluminescent dosimeters. 
LiF2 was examined at various photon energies from 16 kev to 170 kev with 
results indicating a marked energy dependence which was more severe than 
previously noted with CaF2:Mn. 
is due to attenuation by the glass capsule. 

Commercial 

part of this effect at the lower energies 
The LiF2 readout method used 



only a one-step heating; whereas, the USNRDL have used a two-step method to 
first move low-energy trappei! electrons into higher-energy traps before 
finnly heating for readoGt. It was determined, in a series of tests, that 
the LiQ sensitivity is only about 246 that of the CaQ:Mn. 

meriments continued with the experimental field-type continuous airborne 
luminescent (ZnS) particle monitor being developed for Atmospheric Physics 
air diffusion studie . Fleld tests indicate a detection sensitivity of 
about 4 x 10-8 &fig; thi s concentration is obtained at the ARC-4 (two 
miles) distance about 7% of the time during normal. experiments. 
3O-ninute integrated counting methods, as used with the present fixed-filter 
system, pruvide a sensitivity of about 2 x 10-9 gn/f%3. Sensitivity to dust 
and pollens was found to be negligible. 

Tedious 

Develupment was started on a new type of automatic sample changer to be used 
with bottles of liqpid low-level radionuclides. The samples are to be counted 
with a well-type NaI detector. The indexing system, consisting of a hysteresis 
clxtch, two special gears, a ball-beesing lead screw, and a servo system, will 
be assembled for laboratory tests. 
dered. 
400-cha1~nel analyzer. 

All necessary conrmercial ports were or- 
The ccunpleted prototype will be programmed to work directly with a 

Weriinents with the developed miniature alpha monitor, which uses a solid 
state silicon diode detector and transistorized circuitry, detected Pu239 with 
12f0 geometry in a 7.8 r/hr Ra gamma field. 
above the normal 1 c/m rate. 
mrem/br produced similar results with no increase in background. 
draft report on the instrument was completed. 

There was no increase in background 

A rough- 
A similar test in a neutron field of about 400 

An experimental, portable, compact, transistorized G.M. instrument was fab- 
ricated. The instrument has a pre-amplifier, count-rate-meter, aurally- 
indicating tone generator and speaker circuit, and a high voltage supply. 
IC initial laboratory tests, satisfactory operation was obtained for tempera- 
tures f’rm 0 F to +l3O F. It is being developed as a replacement for the 
obsolesent HAPO vacuum-tube G.M. portable instruments. 
can also be used for alpha monitoring with the HAPO cast-plastic scintilla- 
tion probes; thus, only one instrument and two cable-connected detectors will 
be necesssry for dual-purpose alpha and beta-gamma general monitoring. 

The new instrument 

Ac invention report was drafted on a single-transistor emitter-follower cir- 
cuit developed to operate from the current through the mode resistor divider 
netwcrk used with a multiplier phototube. 
cutput necessary for driving coaxial cables. 
the detector probe assembly to the main instrument and successful tests were 
performed with 1000 feet of standard RG%A/U cable. 
qyite encouraging. 
effluent monitor system. 

The circuit provides a low impedance 
Only one cable is required frm 

Initial tests were 
The first application planned is for the PRm liqGid 

The general conceptual design and performance characteristics were detem- 
ined for electronic instrumentation to be used with the Atmospheric Physics 
pcrtable mast system. 
direction, and six temperature sensors. 
was started for all portions of the required instrumentation. 

The system incorporates six wind-speed, six wind- 
Specific detailed circuit design 
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Shop fabrication was nearly completed on a developmental transistorized 
alpha monitor specially designed to work with obsolescent air proportional 
type alpha detectors which me used in large numbers in certain plant loca- 
tions. 
telemetry System continued. 
maintenance attention and records. One cmplete remote data station was 
remuved from service for redesign and rebuilding as necessary. 

er units operated correctly during tests at temperatures from -30 F 
to spa% +1 0 F. Attenuators were designed to be used in experiments with the 
station to simulate poor radio-link reception and transmission. Circuit 
changes were incorporated to elhinate the present two-volt tap on the battery 
to permit use of better-quality main power batteries for the data stations. 
The data station backup time-out circuit was tested and found to be useless 
below fm volts battery voltage. 
since its failure can cause complete discharge of the main power battery. 

Engineering work towards improving the Atmospheric Physics Radio- 
Plans and agreements were reached to improve 

The Vibra- 

This circuit is scheduled for redesign, 

Bperiments continued with a special transistor circuit to be used with an 
instrument for measuring particle sizes greater than 0.1 micron. 
tests were completed on one circuit which converts the large, slow (10 to 
20 millisecond) pulses from the coanmercial detection instrument to rela- 
tively sharp (20 microsecond) pulses suitable for driving a multi-channel 
analyzer. 
pulse-height linear relationship. 

Bench 

The converted pulses retained the required particle-size to 
nulther work is scheduled. 

Work is proceeding on a 400-channel analyzer to be used in the Positive 
Ion Generator Facility. 
lete and the necessary additional equipment and parts are being ordered. 

Design of the digital logic is essentially cap- 

WASHINGTON DESIGMMED PROGRAM 

Isotopic Analysis Program 

Isotopic analyses were provided on program samples according to schedule 
during the month. 
effects of the acid concentration level of sample solutions on sample sensi- 
tivity and ion background spectra. 
a wide range of acid concentrations. Studies were also de of the operat- 
ing characteristics of several different ion source filament configurations 
and types of carbonization of the filaments. 
date has been the apparent success of using a carbonized single trough- 
shaped filament instead of the triple filament structure for which the 
ior, source of this spectrometer was designed. This type of single fila- 
ment has operated at least as efficiently with regard to sample size and 
sample life as any multiple filament type of operation which has been 
studied, In addition, the background ion spectrum usually encountered with 
uncarbonized multiple filament operation is reduced to a near unmeasurable 
level. Comparisons have been made of the operation of this mass spectrom- 
eter with that of the other (single filament) spectrometer under nearly 
identical conditions. These cmparisons indicate that the sample sensiti- 
vity of the Program spectrometer may be a factor of ten worse than that of 
the single filament spectrometer. 
need for an accelerated effort in the studies of ion-optical properties of 
ion source configurations. The assembly of the Ion-Optic Test Facility to 

Studies were carried out to determine the possible 

No significant effects were found over 

The most striking result to 

This apparent result demonstrates the 
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Operation of the PCllR continued routinely on a one-shift basis. 
two unscheduled shutdams due to electronic failure. 

There were 

s he experiments to determine the effective resonance integral for ~11240 
and to determine the nuclearly safe concentration of uranyl fluoride were 
cqleted during the month. 

The 
available to the University of Washington Graduate Center. 

The critical approach experiment with a Pu-A1 and light water system was con- 
tinued in the critical approach and exponential tank during the month. 

CUsTom WORK 

Weather Forecasting and Meteorological Service 

Consultation service was rendered on meteorological and clFmstological aspects 
of NpR safeguards analysis, CPD hazards appraisal, shipment of radioactive 
cerium and an axides of nitrogen problem in 300 Area. 
was given to APED on VAL meteorological problems. 
and river data were prepared for 1961. 
weather forecasts, observations and climatological services were provided 
to plant operations and management personnel on s. routine basis. 

was not operated during the month except for four nights when it was 

Off-site consultation 
Annual summaries of weather 

Meteorological services, viz.) 

Type of Forecast 

8-Hm Production 
24-Hour General 
Special 

Number Made 

93 
62 
166 

$ Reliabilitv 

82.2 
88.1 
92.8 

Although taperatures during January varied frm a high of 63 to a low of 
-2, the mer-all monthly average of 29.8 was practically equal to nom. 
Precipitation totaling only 0.13 inch equaled the lowest amuunt eyer recorded 
for January. 

Instrument at ion 

Bcrth the beta-gamma control chassis and the alpha control chassis were fab- 
ricated, and system tests were started for the Autcmnstic Conveyor 'Type 
Laundry Monitor System. 
be incorporated in the operation asd maintenance manual. 
cation and corrective effort had to be done to many of the transistorized 
circuit boards fabricated on site to our schematics. 
tion probes remain to be assembled and tested. 

A step-by-step "Alignment Procedure" was written to 
Considerable modifi- 

Four more alpha detec- 

Specifications were written for scalers, a ratemeter, and a recorder to be 
used for a neutron counting system at 234-5. 
Products Chemical Technology, CPD. 
rendered. 

The work was done for Mnished 
Further assistance on the system will be 
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Fabrication was started on the new transistorized scintillation Columbia 
River Monitor for RPO, IM). The new system, to cwer the dose-rate range 
from 0 to 50 micro r/hr, will be of the pulse counting type to eliminate 
or severely limit the drift problems which made the original dc system 
unreliable. 

The fuel element dimension readout system recently developed was improved 
by the &clition of power supply delay and azc-suppression circuits. 
prevent spurious punching when the program unit and recorder chart drive 
synchros aze turned on. 

These 

Calibration of micro-displacement readout systems, to be used by Physical 
Metallurgy Operation for in-reactor creep measurements, continued. The 
reference system was set up in the 200-W Metrology Lab and a routine cali- 
bration performed. 
cision of the basic reference system has remained about constant during the 
past year of operation. The recently installed Boeckler micrometer readout 
did not perform as anticipated, however, and this readout device will require 
re-calibration in order to isolate the cause of its extremely poor reproduci- 
bility. A rough draft evaluation report for the three-range, second genera- 
tion transducers has been written, but cannot be completed until Operations 
Synthesis and Research completes the data analysis. Transducer system cali- 
brations have been temporarily suspended due to a curtailment of the operat- 
ing funds for this program. 

A cursory inspection of the data indicates that the pre- 

optics 

The groove depth microscope built several months ago for Finished Products 
Technology was mounted on a manipulator made by them and calibrated. Cali- 
bration tests indicated that the microscope would repeat readings to within 
100 microinches or less. 
hood where it is being used for measuring product dimensions. The unit has 
been demonstrated to visitors from two other laboratories where work of the 
same type is done. They have indicated a desire to have similar units made 
for them. 

The microscope has since been installed in its 

Shop sketches have been prepared for a new corner radius microscope to be 
used by Finished Products Technology. 

Another application for the tube distortion Traverse Mechanism has been dis- 
cussed with several people. A series of four-inch diameter pipes are to be 
placed under the waste storage tanks in the 200 Areas. 
feet long. Their position must be knuwn over the full length to with f one 
foot. 
redout can do the job if survey equipment is used to esta7slish the contour 
far the near end of the pipe. 

The pipes are 100 

We believe that a ten foot long Traverse Mechanism with a TV camera 

During the four week period (December 31 to January 28), 344 man-hours of 
shop work was done. The work load has decreased so that one craStsman has 
been tanporarily released to the 306 Shops. 

The work includes: 
.* 

.- - - . ... 
. 



1. 
2. 

3. 
L. 
5. 
6. 
7. 

9 *- 
10. 

a. 

Repair of five borescopes. 
Repair of two crane periscope heads. 
Fabrication of two lead glass cylinders. 
Fabrication and assembly of several shrink fitted ceramic iiies. 
Fabrication cf two microwave cavities. 
Repolishing two lead glass windows. 
Fabrication of two pyrex brackets for Ceramic Fuels. 
Repair of film viewer. 
Servicing of Tech Shops projection comparator. 
Fabrication of two Quartz cylinders for Fuel Testing Operation. 

Physical Testing 

Service testing work retmed to more normal levels as work neared completion 
on NPR pressure tubes and sane of the preliminary problems on NPR primsry 
piping have been resolved. 
representing some 50,028 feet of material, mostly tubular components. Test 
work included: autoclaving; borescoping; dimensional measurements (micrmet- 
ric); eddy current; heat transfer (Infrared); magnetic particle; mechanical 
tests (bend., flare, flattening, hardness, impact, and tensile); metallography 
(macro and micro examinn.tioI;, and field replication); penetrant (fluorescent 
O.D. and I.D.); radiography (gamma-ray, d X-ray); stress analysis (elec- 
tric resistance wire strain gages and X-ray diffraction); surface treatment 
(--e cleaning, conditioning, piaing for autoclaving, steam detergent 
cleaning, vapor degreasing, and ultrasonic - alcohol cleaaing); and ultra- 
sonic (flaw detection and thickness measurements). Work was done for 27 dif- 
ferent components represent- most of the GE operating departments and some 
HAP0 contractors. Arivice was given on 37 different occasions on general 
testing theory and applications. 

A total of 7,954 tests were made on 5,851 items, 

Test- and treatment of the NPR Zircalay-2 pressure tubes has been essen- 
tially completed. 
autoclavlng will complete the work fm this month and no testing work is con- 
template3 for the next month. 
final work is expected to be cmleted at. the end of March and the beginning 
of April. 
inst&lls;tion. 

A current batch of eleven tubes now being evaluated after 

Cleanup tubes will be consoldiated and the 

There are nuw 990 tubes in final storage, ready for reactor 

neld testing activities for the month have largely been X-ray and ganrma- 
ray work at 1706-KERg PRTR (Rupture Loop), NPR (Test Coupons), and 100-B 
Area (Pressure Vessel). 
nozzles is proceeding routinely. The stress analysis of 105-C reactor was 
cqleted. Ultrasonic thickness neasurernects were made on vessels in the 
200-West Area. Magnetic particle tests were conducted on the.gas seals of 
105-N reactor. 

The fluorescent penetrant testing of aver-bore 

Major effort in the 300 Area labs was expended on NPR primary loop piping 
problems and comprises the following: 

Macro examination and bend tests on samples of fusion welded pipe supplied 
by two manufacturers. 

Macro examinatior+ and bend tests on seamless pipe from one manufacturer. 
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Field metallographic examination of weld end preparations on cross-headers. 
A procedure was developed making it possible to obtain laboratory quality 
metallographic examination in the field. 
hand lapped in the field to a metallographic finish, micro-etched, and 
an electron microscopy replication technique utilized to obtsin specimens 
of the etched surface. The replicas were shadwed with uranium dioxide 
to reveal the structure a.nd examined with a conventional metallographic 
microscope at lOOX magnification. 
ing evaluation of metal for grain stmcture, oxide inclusions, extrusion 
effects, and giant grains. 

The weld-end preparations were 

Ekcellent results were obtained allow- 

. 

Evaluation of the longitudinal length of fusion-welded pipe discontinuities. 
Two approaches are being used in this examination. 
of the weld is being ground down in 5- and 10-mil increments and examined at 
each step. In the second, two one-foot sections of weld have been cut 
into one-inch cubes which are being metallographically evaluated. 

Assistance was given in preparing data for a statistical evaluation of 
the adequacy of the sampling plan used in the bend test exeminations. 

In one, an 18-inch section 

Ultrasonic testing, penetrant testing, and macro sectioning were performed 
on both an NPR control rod tip and aluminum bar stock (from which the con- 
trol rod tip is made) to determine feasibility of testing for minute inclu- 
sions in the metal. 
In some cases, fluorescent testing did demonstrate the presence of the inclu- 
sions. 

Ultrasonically the inclusions could not be resolved. 

The micro sampling is not yet complete. 

X-ray diffraction measurements to evalute the feasibility of making stress 
measurements were continued. 
effort to find a suitable etching procedure to remuve disturbed metal surfaces 
on the weld samples. Measurements made on the sand-blasted surface of the 
pipe demonstrated X-ray peak sharpening after stress relief treatments 
demonstrating a differentiation between a temperature of 8OO0F and 1350°F. 

Other work in the 300 Area laboratories ccaaprised the following: 

Considerable experimentation was done in an 

A total of 1,141 Zircaloy-4 fuel element sheath tubes were received from 
the suppliers during the month. This amount represents about 60s of the 
tubes on the current tube orders. 
proceeded routinely. 

Inf”rared hea% transfer testing continued with a total of 163 tests completed. 
Work progressed on calibration of the heat transfer unit utilizing different 
jet nozzles. 
behind the flame using different currents, and gas flow rates. 
now underway to build a new radiometer of a different design to Overcame 
several problems that have developed in circuitry. 

Fluoroscopy was used in the examination of a temperature control rod. 
was desired to view a number of internal components and determine their rela- 
tion to the aluminum cladding of the rod. 
was needed prior to swaging so that proper support areas could be selected. 

me1 element sheath tube testing 

Tests were made on space settings, positioning in front and 
Plans are 

It 

Location of the internal components 
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The ability to locate tugstex wires ir- 2u-a cemity U~~~LIXU aide cylinders 
was satisfactorily demonstrate6 uilizw gm-radiograshy. 
the of one hour was necessa?? uhg the 100 curie cobct-60 sowce. 

AE exposme 

fiuuinum process t7ibes in the older Frsibxticn reactars hwe beer cracki.;. 
The cracks are preci.min8nti.y criented traxsverse to the tGbe axis and are 
ariginating at CIhe inner wall sxrface. 
undertaken to determine the feasibility fm detecting these cracks Utrasoni- 
cally. approaches were considere&: i) A nky tubing test with a contact 
probe at one end of the trsbing; 2) a test wing a movable probe which couples 
ultrasound C,hl-ough the inte,rnai tLbe suface by filling the tQbe with water. 
Both methods involve Iamb wave p-cpagazion, smce the product of tubing wall 
thicknesses and available uLtrasorLc freqwncies are ~II the range for Lsnib 
wave generation. 
dam the full, length of the tube. 
of Lamb modes and other possible mdes whick may be confined to regions of 
tuba wall very neaz the transducer I thereby necessitating a ma-able Frobe. 
Initial work has been confined tc studies of the dry, contact method. 

At the request of IPD: work has been 

The 3.q method &ep&s OI? prapagatim of Lamb wave energy 
The water filled case involves propagation 

A variety of contact entry aethocis were tried. 
tained with a liicite weae contoureC tc fit the tubing. By juc?icious choice 
of entry angle, a transverse notch about 0.020 inch deep by about 0.125 inch 
long., located about nine feet from the prcbe in 0.072 inch wall process 
tubing was easily detectable. 
greatly for smaller wall thickness at the E- ultrasonic frequency. 
drop in resgonse is to be expected for suh c&=es of Lamb wave propagation. 
Mjastable frequency or broad ban2 systens mild extend the range of wall 
thicknesses to be tested; however, slich systems have not been fully developed. 
In order to obtah less depedence on wa'rl thickness, the alternate method 
using internal water loding will be stxdied. 

The best results were ob- 

The test response was found t.0 fall off 
This 

The major andog computer prGblems coasihered during January include: 

1. Reactcr Trmsfer Fuxt f oa Deacript ion 
2. cm> "c" Colum 

3. React or InstAru.ent at icn 

The cmputer operatiors were as f-ollms: 

GEDA 

120 
61 
0 
4 

185 

- 

- 

EASE 

UP 
schedtLed downtime 
uns checiuled duint ine 
idle 

total 

0ver-U maix;tenanse of the computers has been good, with the major portion 
of the schedules work being completed. 
relays have bean irisf-dl~3 in thz EASE bringing the total number of Units to 

An additioxd eight differential 



16. 
tionsl lights before the installation is camplete. 
Brush recorder has been put in operation and has replaced the old eight- 
channel Sanborn recorder. 
snd quick drying ink. 
in the Analog Computer Lab. 
improved in the last month. 

Some additional wiring must be done to install the overload and opere- 

The Brush recorder uses a pressurized ink system 
The record paper is reproducible on the Photo-Copier 

A new eight-channel 

The useability of the EASE scanner has not 

. 

Two methods were tested and evaluated for extending the range, from an original 
1 mr/hr to 10 r/hr up to six decades of 1 mr/hr to 1000 r/hr, of the Linear 
and Logarithmic Response Area Monitor we developed. Both methods were success- 
ful. 
to 10 r/hr, and the second which uses a law-gain RCA6342 and a smaU 0.125 
in3 NE-102 detector to cover the range 1 r/hr to 1000 r/hr. 
circuit was used to switch probes. 
the original probe assembly with a circuit to switch the high voltage to about 
-300 vDc, from the normal -850 VDC, for the 1 r/hr to 1000 r/hr region (or 
to 5,000 r/hr if ever required). 
satisfactory. It was incorporated into the design of a six decade logarithmic 
response scintillation area monitor suitable for IPD use in updating the 
present reactor area monitoring systems. 

The first used two detector probes; one, the original probe which operates 

An appropriate 
The second snd simplest method used only 

The results of the second method were‘ quite 

The experimental transistorized scintillation beta-gamma hand and shoe monitor, 
which employs gamma-background cqensation circuitry, continued to perform 
correctly without adjustment for the second month at Purex. 
auxiliary use, the hand probes were used to detect beta-gamma contamination on 
shoe covers and gloves which had been laundered but were still contaminated at 
a level below the detection sensitivity of G.M. type monitors in routine use 
at the Laundry Operation. 
compensated monitor. 

As a novel 

HAP0 drawings are being prepared for the gamma- 

The experimental scintillation transistorized combined alpha, beta, gamma 
hand and shoe monitor continued to perform very satisfactorily, after nearly 
two months’ routine use, at Redax. 
complete HAP0 drawings have been made, checked, and approved. 
can be used for off-site procurement by any plant group so interested. 

Eight of the original. Model I1 Scintrans ordered by Calibrations Operation 
were satisfactorily modified for principally beta-gamma use by IPD. 
modified units can be used with scintillation beta-gamma probes, both regular 
ancl mica-window G.M. tubes, and with both Bq and scintillation neutron detec- 
tion probes. ?hey can still be used with scintillation alpha probes although 
this was not an IPD requirement. All prints pertaining to the Model I1 Scin- 
trans were changed to include the necessary minor modifications. 
65 more Model I1 Scintrans, principally for alpha monitoring use, now on 
order by Calibrations Operation, RPO. 
modified for combined alpha, beta-gamma, and neutron detection use for less 
than $25 each. 

The work on this instrument is done and 
The drawings . 

The 

There we 

If desired, these units can be easily 

One -type I’pencil”, which indicates changes in dose-rate both aurally 
and visually, was calibrated and’found to show a linear resDonse from 0.5 



to 16 mr/hr where 1 mr/hr was found to equate 
"pop" rate could not be accurately checked by 

to 14 "pops" per minute. 
eas above 16 mr/hr, but pencils 

The 

did not fail to operate in fields up to 8 r/&, the highest used in the test. 

A Victoreen Company pulsed-G.M. portable instrument was initially tested. 
Available ranges were marked as 0.5 5, 50, and 500 mr/hr. 
tests; the meter readings, which are shown in mr/hr, were within & 20$ of 
the true dose rate. 
instrument,, -uses two regular size D flashlight cells for power. 

For the Ra gama 

The unit, which is a civilian version of a military 

A highly-directional ( "Hevimet" shield-collimator IPD "Bazooke" I which 
employs a scintillation detector and a vacuum tube dc (electraneter-type) 
circuit, was tested at the request of IPD. The drift-rate was so extensive 
that the unit was unusable. It was recammended that the vacuum tube circuit 
be replaced with a multi-range transistor CRM for pulse counting. The change 
will be made. 

Evaluation tests were started on the transistorized portable scintillation 
alpha "pappy", which was designed to replace the present obsolescent standard 
WO Portable Alpha Poppy (a vacuum-tubed unit). 
100 hours. 
impaired at about +20 F. 
batteries will be necessary. 

Battery life is approximately 
Lcrw temperature performance (due to the mercury batteries) was 

For lower taperatwe use, standard zinc-type 

Extensive field tests of the "plq-in" transistorized audio pop unit, designed 
tc be used with all portable HAP0 G.M.'s and Alpha Poppies to eli-minnte the 
need for headphones, were fully satisfactory and plans were made by Calibra- 
tions Operation, RPO, to secure 20 to 25 units from an off-site fabricator. 
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CHEMICAL R%UFCH AND DEVELOPMENT OPERATION 

RESEARCH AND ENGINEERING 

FISSIONABU MA-IALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Reactor RadioisotoDe Reduction Studies 

Addition of sodium silicate at a concentration of 10 pp (as Si) was started to 
the cooling water for one reactor tube on January 2, 1962. 
increases the pH of the influent water from 6.7 to 7.5 but only a 0.3 pH difference 
between water from this tube and that from the control tube can be measured after 
the water passes through the tube. Measurements of the radioisotope content of 
this water are being made and compared with water from an adjment tube without 
silicate addition and at 8 lower effluent pH by 0.3 pH unit. This tube is used 
as a control tube for comparison although the pH's are not the same. Although it 
will take several more weeks to reach a steady state condition, some changes 
have already been observed in the first three weeks of the test. The As-76 con- 
centration initially increased by a factor of two but now has decreased to about 
one-half that of the control tube. 
of 2 and 1.5, respectively, while the Cu-64 content increased at first but now 
has returned to a concentration about equal to the control tube. The P-32 con- 
centration increased by an order of magnitude at the start of the test, indicating 
a removal from the film, but after.two weeks was equal or slightly less than that 
of the control tube. The Ba-24 and Si-31 have increased by factors of 2 and 4, 
respectively, as might be expected from the sodium silicate addition. Although 
this initial test is being made under unfavorable conditions, the reductions of 
concentrations of several of the radioisotopes such as As-76, Np-239 and Cr-51 
by factors of about 2 show enough promise to warrant further testing. 
new tests, two new or chemically cleaned tubes with new fuel charges will be made 
available, one of which will be operated as a control tube at the same pH. 
choice of type, concentration and more complete mixing of the silicate will be made. 
The sodium silicate added in the preliminary tests is not reagent grade material, 
but may contain enough arsenic to increase the undesirable parent material content 
of process water by about 10 percent. 
being analyzed for their trace element concentrations by neutron activation analysis 
so that a better source of sodium silicate might be chosen for these tests. 

This concentration 

The Np-239 and Cr-51 have decreased by factors 

For these 

Better 

Many samples of commercial silicates are 

Zeta potentid measurements on floc par*icles and pH measurements of process water 
are being made at each reactor water treatment plant in an attempt to correlate 
these measurements with other variables of the water treatment process. Prelimin- 
ary findings indicate that 18 ppm alum treatment at a pH of 6.7 produces floc with 
a zeza potential. of about + 7 mv. 
from the -16 to -18 mv found on the river water colloids. 
pH of 7, the zeta potential is around -6. 
and floc romoval is obtained with the latter conditions indicating the possibility 
that produetior: of water containing only low amounts of arsenic and phosphorus 
might be aided Sy treating to an optimum zeta potential. 
additicn of less than 18 ppm dum added at those plants producing water at a pH of 

This represents a change in the colloid charge 
With 18 ppm alum and a 

Better anion parent material removal. 

This would indicate an 

6.7. 
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Sc-=prro~ of Nuclides on 100 Area Soil 

Scfi column adsorption of As-76 and Cr-51 from tap water and reactor effluent water 
wu determiLeC kt 60 C and 90 C; these experants are aimed at demonstrating the 
veLz&rty of the data obzbined with tap water as a substitute for reactor effluent 
water, Adsorption of these isotopes by 100 Area soil was found to be essectially 
the slime for filtered tap water 86 for reactor effluent water. 
&sorbed 73 percent of the arsenic and 48 percent of the chromium at a rate of 
wgmr movement ewvalert to 83 @/ft2/day. 
relcsiced relatively unchanged while chromium adsorption increased from 48 to 57 
percer;t. e 

At 60 C the soil 

At 90 C the arsenic adsorption 

Effluent Monitor in& 

The As-76 monitor has perfo-med satisfactorily for three weeks. 
larger ion-exchange column, three times the size of the previous column, has 
elhinated interference by Na-24 in the As-76 measurement. 
not been detected in the column effluent. 
percent of the totsl count in the As-76 channel; this decrease is attributed to 
*he additional hold-up time of' the larger column. 

The use of a 

In fact, Na-24 has 
(21-38 interference was decreased to 3 

Ground Water Temperature Studies 

:he teqerature of the water flowing through each of the 24 pumps located in the 
18~~ Building pump house was measured. One set of data showed a maximum tempera- 
';we di3ererce between pumps of about two degrees centigrade, indicating that the 
tbeWy-hot spring water entering the 18~~ forebay is not completely mixed with 
-he river water before it enters the pumps. An even greater temperature differ- 
ence my occur during the day as the water flow pattern from the forebay to the 
suctior: wells continuously changes with the rise and fall of the river level. 
Water samples from each of the pumps are being submitted for radioisotopic analysis. 
"hew data will be helpful in determining the amount of thermally-hot spring water 
being teen ixlto the mter system at 100-B Area. 

Trearnerss of Decontamination Wastes 

Lakcratcry experiments were conducted to investigate the removal of.radionuclides 
froe ccebired alWine permanganate process and phosphoric acid decontdnation 
whstes. 
acd nexreiization followed by scavenging with salts of calcium, iron, and cobalt. 

Coqleteness of removal was measured as a function of neutralization 

Iieut,ralizstion alone removed greater than 98 percent of the cerium, scandium and 
silver isotopes. 
of cerluc snG scandium but did not increase removal of silver. Of the salts 
inveet.iq&ted, ocly iron improved the removal of ruthenium. As observed previously, 
lroc and cobalt scavenging nearly doubles the removal of radiocobalt over neutrali- 
zation done, while calcium addition has little or no effect. 
of tin and aotimony was removed by neutralization, and none of the scavenging 
agects examined significantly improved their removal. 

Neutralization followed by scavenging removed additional amounts 

Less than 5 percent 

Airbarne Particulates in Reactor Operations 

Ao investigation was begun to characterize airborne particulates resulting from 
tube slittirg arid removal operations. Particulate size, radioactivity, and 
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solubility will be measured. 
zr-65, SC-46, Mn-54, and Co-60. 
beta emitters, ranged from 5 to 20 percent. 

Initial samples showed the presence of Cr-51, Fe-59, 
Solubility in water, measured in terms of gross 

SEPARATIONS PROCESSES 

Diswsal to Ground 

Recent tritium analyses of monitoring well semples have helped to clarify the 
ground water contarnination picture southeast of 200 East Area. The contaminated 
ground water appears to branch into two plums about 4 to 5 miles southeast of 
200 East Area; one plume moves southeast. and then east toward the Columbia River, 
and the other continues in the southeast direction toward the 300 Area. 
general, tritium concentrations detected in water samples fro wells between four 
and seven miles distant from the 200 East Area are in the lo-$ to 10-5 wc/cc range. 
As additional analytical results are received for wells in this region, a more 
precise ground water contamination picture should unfold. 

In 

Recent tritium results on samples from twelve major separation plants' waste 
streams indicate a wide range in concentrations from near the detection limit, 
1 x 10-5 pc/cc, to the highest detected, 0.44 pcl'cc in Redox tank farm condensate. 
All surface-ponded and steam condensate stream samples were very near the detection 
limit concentration. 

Iodine Sampling in Separations Areas Stacks 

Repeated measurements confirmed that a somewhat lower 1-13 concentration will be 
reported for samples drawn from the 50-ft. level sampler than for those drawn from 
the 20-ft. level sampler in the Redox stack. 
percent, but in individual samplings it has ranged to over 30 percent. 
for this disagreement was not determined. 
at Purex to intercompare the results from the 50-ft. and 196-ft. level samplers. 

The average difference is about 20 
The cause 

Similar samplings are being undertaken 

Efficiencies of iodine adsorption cartridges filled with two different grades of 
charcoal were measured using 1-131 present in the Redox stack. The first of two 
1-114 inch long cartridges in series adsorbed 90 percent of the 1-131 found on 
the two cartridges. 
the same efficiency within the reproducibility of the measurements. 

The two charcoals used, BPI.* and Whetlerite*, have virtually 

*BPL is a charcoal designation of the Pittsburgh Chemical Company. Whetlerite 
is charcoal treated with copper, chromium and silver salts. 

Purex Water Quality Evaluation 

Tests were continued in the experimental C-column to compare solvent extraction 
perfonaence using Purex demineralized water and 321 Building condensate. The 
runs were made at the same pulsing frequency while the capacity factor of the 
facility was automatically adjusted to maintain a constant column density, or 
column static pressure. 
valves were picked to insure that a high capacity was maintained. 
organic feed solutions were used, both containing approximately the same uranium 
concentration but one containing 7.2 grams per liter nitric acid and the other 
only 1.3 grams per liter acid. 

In addition, the pulsing frequency and static pressure 
Finally, two 



Results of the tests showed a slight decrease (approximately 10 percent) in 
column capacity when the Purex water was substituted for condensate. However, 
the change from high to low acid concentration produced a significantly larger 
effect (about 25 percent capacity decrease) than did the change in water quality. 
These results are being analyzed to elucidate the effects of process stream and 
water quality variables in the solvent extraction process. 

Ion Exchange Contactor Studies 

A semi-continuous version of the Jiggler unit (see HW-70658 C, p. C-lo), has been 
subjected to a series of efficiency test runs. 
Cow intermittent mvement of resin and liquid. 
satisfactory and reliable resin movement. 
3 -/liter thorium have shown undetectable waste losses from a 4-inch diameter 
by 2-ft. long absorption section at instantaneous feed rates of 640 mls/min. 

The unit has been altered to 
This change has resulted in 

Initial. tests with feeds containing 

Studies of the movementOf‘50-100 mesh Dowex-1 resin show that the push is con- 
+,rollable to as low as one-half inch movement with a timed pulse of 11 to 40 
c!pies per minute and an amplitude of 0.75 inches. 

F?mtocksleical Reduction of Uranyl Nitrate 

Bench-scale studies on the photochemical. reduction of uranyl nitrate to uranium(IV) 
nitrate were continued. 
formaldehyde or hydrazine was used as the holding reductant and a GE UA-11 photo- 
chemical lamp was used as the source of ultraviolet ligtrt. 
recent studies was to resolve the difference in observed reduction rates. 

In both the bench scale and laboratory work, either 

The prixnary goal of 

The source of the uranyl nitrate solution appears to be a factor in the reduction 
rates obtaioed. In the laboratory studies, the source of uranyl nitrate was the 
Redox plant product solution. With either Redox or -ex plant product solutions 
ds the uranyl nitrate source, bench scale reduction rates comparable to the labora- 
+ary rates were obtained. Conversely, two-fold lower reduction rates were obtained 
wish either dissolved U02 or pilot plant uranyl nitrate. The reason for the 
reduction rate depending on the source of the uranyl nitrate is not known. 

3s effecz of total cesium concentration on cesium sorption by clinoptilolite from 
sp=hs-ic formaldehyde-treated -ex 1WW has been evaluated. Runs with a feed 
solucxo havicg a tctal cesium concentration varying from 10-5 to 
50 percent Sreakthrough at about ll4 colunm volumes. With a 2 x 10-3 M-cesium 
feed, which is slig!xly greater than that expected in actual plant waszes, the 
50 Fercecr breakthrough decreases to 84 column volumes. 

M yield a 

Exprirents were performed to determine how completely cesium could be eluted 
- from slinoptilolite with armconium nitrate. For one experiment, acid-soluble 
r.: izpur’l-ies in %e clinoptilolite were removed Sefore loading; in all experiments 
C? ‘he clineptilolite was in the sodium form. 
CJ 

J - 
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Total Cesium 
Molarity of 

Loading Solution 

1 10-3 

4 x 10-4 
4 10-4 

1 x 10-3 

Trace Cs-137 only 

Elapsed Time, 
Days (Loading 
to Elution) 

1 
14 
1 
1 
1 

Percent Cesium 
Remaining on 

Clinopt ilolite 

0.4 
2.0 

0.9 
0.5 (acid washed) 

33.0 

These data indicate that maximum cesium removal will be achieved with feed con- 
taining relatively large amounts of total cesium immediate elution, and acid- 
washed mineral. 
a few sites that react with cesium irreversibly. 

The poor elution with trace cesium indicates that there are only 

Peckaging Concentrated Purex PW 

Studies were begun to investigate the possibility of packaging projected (1965) 
purex formaldehyde-treated waste (FW) by precipitation and filtration using 
techniques similar to those planned for bulk fission product packaging. Should 
this be possible, a multipurpose packaging system might be employed to package 
either a marketable fission-product or a concentrated waste unit. 
zation with gaseous mnia (pH 9) of simulated FW at room temperature produced 
a precipitate easily filtered on a D porpsity (65 micron) sintered stainless steel 
filter. 
FTW. 
The filtrate from such a process would require treatment for cesium remval. 

Slow neutrali- 

Filter cake volume was 10 percent of the volume of the unconcentrated 
A clear blue filtrate indicated that a nickel armnine complex was formed. 

A generalized correlation of high activity waste storage container costs has been 
developed aod is being documented. It is of interest to note that when heat dis- 
sipation and vessel construction costs are jointly considered, unit cost of storage 
volume is almost independent of vessel total volume for constant strength vessels. 

Solvent Extraction Treatment of Purex FW 

Further batch contact studies have aimed at defining optimum conditions for 
extraction of strontium and the rare earths from Purex F?[w into a DZEHPA - TBP - 
Shell Spray Base solvent. 
paring extraction feed solution, extraction section pH and ratio of feed to 
extractant vclume. The data will be used to select operating conditions for future 
mini-mixer-settler runs using simulated and plant produced feeds. 
examined effects of prolonged (> 10 minutes) contact time between solvent and the 
use of comp3exlnq aqents other than IIEDTA in the feed. With solvents prepared 
from unwashed "as received" D2EHPA, distribution ratios for cationic constituents 
of FW other thas s%rontium and sodium increased as contact time was increased 
beyond 10 minutes. 
TBP was omitted from the solvent; extraction of europium increased. 

Variables studied included dilution of FTW in pre- 

Other studies 

Distribution ratios for strontium and cerium decreased when 

A eomplexicg agent which complexes promethium less strongly than does HEDTA at pH 
about 
cerium and strontium extraction. Citrate and tartrate were examined for this 
purpose9 but no obvious advantage in their use over HEDTA was found. 

is desired to permit better promethium extraction simultaneously with good 

1250532 



In-Tank Concentration of Wastes 

La5oratory studies with simulated old Purex coating removal waste indicate the 
waste must be concentrated by a factor of about 5.7 (B.P. 160 C) to produce a 
slurry which will solidify completely at 80 C. 
are being determined for these solids, as well as for solids produced at other 
concentration factors, to evaluate the likelihood of their adsorbing water from 
tclak atansphere. 
are lower at any given temperature than the vapor pressure of saturated sodium 
carbonate monohydrate at the same temperature as would be expected due to the 
presence of other sodium salts. 

Vapor pressures versus temperature 

Vapor pressures for saturated solutions of the solids in water 

Waste Sludge Transfer 

process waste sludge in the 241-A-103 underground storage tank was successfully 
ampled by core drilling. 
Buildi4 for analysis of chemical, mechanical, physical and electrical properties. 
The core drill penetrated the sludge only two to three inches, at which point the 
sanple apparently blocked in the sample tube, preventing further druing. 
core drilling assembly and cask loading equipment functioned without significsnt 
izxidenf duricg the operation. 
full sludge depth--20 to 30 inches) will be continued upon receipt of a new sample 
Sarrel acd drill bit. 

A waste tank sluicer designed to study in-tank sluicing of solidified process 
wastes, has successfully passed mechanical and hydraulic cold tests and is ready 
for installation. 
wi+h high-velocity discharge (170 ft/sec) of water from the sluicing nozzle. 
hole gager (mechanical arm for measuring the sluicing rate) and nozzle control 
linkage operated satisfactorily. 
foot pounds is due to 8-in. ball joints used in the sluicer assembly. 

The sample was unloaded in the Radiometallurgical 

The 

Efforts to obtain a complete sample (i.e., of 

Tests showed that there are no vibration problems associated 
The 

The high sluicer turning torque of 2500 to 5000 

Cesium Solvent Extraction 

Study of dipicrylamine (DPA) and related potential cesium extractants was continued 
in order to better define the effects of process variables and to elucidate the 
chemisfry of the extraction. New findings and observations include the following: 

1. 

2. 

Hot cell extractions were performed with actual full-level 1WW and 103-A 
supernate. Cesium extraction coeff icients ( into 0.01 M DPA in nitrobenzene ) 
were identical to those measured with synthetic solutik, and there was 
nc extraction of other fission products. No solvent breakdown was noted 
after 24 hours of contact, and the cesiun was easily and completely stripped 
with either 0.5 or 1M - HN03. 

Sodium extraction was determined using sodium-22 tracer. 
less extractable than cesium, the ratio of extraction coefficients (from 
1 - M NaOE) being ca. 2600. The cesium-sodium separation factors were, of 
course, a functiG of both DPA and sodium concentration and ranged from 
vaiues of the order of 50 to over 800. 
hme an inverse first power depndence on sodium concentration. 
extraction coefficient (E:) for cesium from 103-A supernate or FW (formal- 
dehyde treated waste) increased with dilution, ten-fold dilution increasing 
E: a3out tenfold. 

Sodium was much 

Cesium extraction was found to 
Also, the 

. ----.I 



3. 

4. 

A series of diluents, and diluent mixtures, were compared with nitrobenzene. 
All of those tested Ab date were inferior to nitrobenzene; however, several 

(particularly nitroparaffins and nitroaromatics) showed promise arid will be 
tested further. Dinitriles will also be evaluated, md an effort is being 
made to prepare 2-nitro-tetrslin. Addition of benzene, xylene, dibutyl 
butylphosphonate, or tributyl phosphate to DPA - nitrobenzene solutions 
caused a spectacular decrease in cesium extraction (a factor of a thousand), 
suggesting that these miecules react preferentially with DPA and "block" 
its reaction with cesim. 

A series of extractants closely related to dipierylamine were prepared and 
tested; 2,4 - dinitrodiphenylamine, 2,2', 4-trinitrodiphenylamine, 2,2', 
4,4' - tetranitrodiphenylamine, and 2,2', 4,4', 6,6' - hexanitrodiphenylamine 
(DPA) gave extraction coefficients of 0.002, 0.137, 1.17 and 24.7, respect- 
ively, when used at 0.01 M concentration in nitrobenzene to extract an equal 
volume of 0.001 M CsC1, 1-M - NaOH at 25 C. 
prepared for teszing. 

Additional compounds are being 

IIWVSURANIC ELEMENT AND PISSICN PROIXJCT RECOVERY 

Bulk Fission moduct Packaging 

Studies of bulk fission product packaging continued with tests of binding agents 
for strontium and cerium products. Strontium perogide with 10 weight percent of 
lead boro-silicate binder was calcined in a full-scale canister, There was approxi- 
mately 85 percent shrinkage of the cake volume, but the cake stuck to the canister 
wall and the filter stick. 
phosphate binder containing no lead showed the same shrinkage, but the cake mostly 
slumped to the bottom of the can. 
top of the filter stick, Cerous fluoride (62.5 weight percent) fuses with lithium 
fluoride (37.5 percent) at 750 C. 
with acid-fluoride mixes. Mixtures of aluminum, sodium and/or lithium fluoride 
with P2O5 or B20 

the weight, of the cerous oxalate intermediate, Ce,hC204>3 .lO H20. 

Tests of the cazister loading station indicate that heating of the cadister is 
uneveri over iss length, there being approximately 300 degrees difference from the 
mid-lengzh to 3% bottorc of the canister. In ddizion, high strontium peroxide 
filter Zake pemabiiity has resul5ed in difYisulSies in obtaining auL,omatic 
shuzoff of celster filling as demonstrated ic ear;ier designs. 

Strontium peroxide with 3.5 percent of a boro-silicate- 

An incompletely calcined portion stuck to the 

Cerium oxide (probably Ce02) can be fluxed 

react with CeO2 at 650 C or less to give fluid melts that 
freeze to cryst a line solids, but the fluxing mix must be added to 40 percent of 

, 

Remote we3.fog st~12ies were comma-ed with inef,Lletion, of the canister turntable 
acd 'arcfi holdicg mrl posisionicg fixture for the inert-gas tungsten-electrode 
we1dil;g sta%~cn. E2 system has 3eer run through a shakedom period and works 
well wlrh :fie exceFt.ioc of the torch positiocing mchwis~, 
will be requirea to get a torch positioner ?ha% meets the requirements of the 
s tstion D 

Furtkr development 

Ten 3OLL stafdess steel welding sanples were welded., To investigate potential 
problems from a ooctminated weiZ joint area, s5rontium oxide was placed in the 
weld joinT cf three of the samples prior to welding. 
vented met;& flcw fr-w %e weid jokt during the first pass of the torch over the 
area ?e be joined, 

The strontiun oxide pre- 

=ere was eonslderable bu5Sling acd spatteririg of metal and 
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strontium oxide. Three passes were 
in the joict. The entire joint was 
joint with a leak rate of less than 

made on one sample that had strontium oxide 
closed after the third pass and produced a 
10-7 atm. cc/sec of helium with a differential 

pressure of one atmosphere across the joint. 
than could be measured with a mass spectromter. 
it indicates that it will be difficult to obtain a satisfactory weld with a 
contaminated joint. 

~ 

O&er samples had leak rates higher 
Although the test was severe, 

A one-inch pipe size clamp connector utilizing a beUev3U.e spring gasket is under 
developmeEt for use in high radioactive fields. 
spectrometer were performed. In the first three tests, the connector leaked less 
tkan 1 x 10-5 atm.cc/sec of helium at temperatures and pressures less than 200 C, 
200 psi. The fourth test on the connector showed 8c1 excessive leakage. The 
galling wh ich caused the excessive leakage will be prevented by stopping the 
relative mtion Setveen flanges. 

Four tests, using a helium mass 

More Tests will be pezformed. 

Three 2-7/8 inch size belleville spring gaskets were tested in a configuration 
used as a secondary seal in the HAW fission product casks. Due to relative 
motion betweerr the gasket and flange, galling occurred and excessive leakage 
was observed, 
operable by one bolt with high integrity and minute leakage which will fit into 
-Ae existkg HAP0 casks. 

Development is still underway to provide a stainless steel gasket, 

Second-Cycle Technetium Purification and Concentration 

l3e product fracticns from the three A-Cell anion exchange runs on Purex 103-A 
suFernate were combiced and processed through a second cycle to obtain ten grams 
of' hiqhiy purified seshnetim-99. The combined feed, which was 8 M in nitric 
acid, was neutralized with caustic, 100 mg/l ruthenium carrier wasadded, and 
thec treated with 2 g/l A@ to oxidize ruthenium. 
excess sllver oxide, the solution was passed through a Dowex-50 column, which 
absorjed zirconium-niobium and reduced and precipitated the ruthenium (presumably 
as RuOg). The technetium was *hen absorbed on ac anion column (IRA-LOl) and 
subsequently eluted in a smail volume of nitric acid and removed fromthe cell. 
Decoctdnation factors across the decontamination cycle ranged from 1400 for 
ruthenium to greater than 5000 for zirconium-niobium, for overall decontamination 
factors (from 103-A supernate to product) of approximately lo6. 
given ir: ac invention report (Hw-72498). 

After filtering to remove 

Ddails are 

At rto r?qLes'; of CPD, the Pm-lL7/Pm-l48 ratio was deterdned on the promethian 
prcduzt frm *he A-Cell Purification run reported in November. 
acd 135 (corrected zo 90 days coolicq) were obtained by two different radio- 
chenizal Yeckiques: (1) total gama counting, and (2) determination of Pm-148 beta 
3y use of ahmicum a3sorbers. The former is believed to be the mre reliable. 

Values of 202 

"hsse umbers are significartly higher than the value of 70 calculated from 

tc %e low Pm-lQ specific activity and to possible errors in the accepted Pm-148 
d%'.j;y sckerre. 
ra%o acd net aczounr, for some of the differecce. 
1--+-- 9 i -'paw tkar, expeczed ratio in Sanford 3romethium is favorable from the standDoint 

of ,<rllzaricn. 

? ...- --&ia" -  lo^ historj. The major uncertainties in the experinzental values are due 

The effect cf reaczor outages would be to increase the observed 
It should be noted that a 



Remote High Pressure Steam Connectors 

Tests evsluating Teflon-impregnated asbestos gasket for superheated steam service 
were completed. Two tests were performed at 260 C and 440 psig. 
lasted 137 hours and caused a total leakage of one ml of water. 
lasted 720 hours and caused a total leakage of 2.5 ml of water. 
test, the temperature was cycled from 260 C to 20 C nine times. 
there was no apparent physical damage to the gasket material. 

The first test 
The second test 
In the second 
In both tests 

Hydraulic Equipment 

Current Chemical Processing Department plans call for use of waste stream "diverters" 
to replace the diversion box technique in future high level waste handling facil- 
ities. 
and initial tests of hJdraulic behavior are encouraging. 
behavior are being sought. 

Fabrication and installation of a prototype diverter has been completed 
Modifications for improved 

A Hastelloy C canned motor pump with 50 mil cans was dismantled for inspection 
after 5803 hours of operation pumping water at 50 C against a 50-foot discharge 
head. 
Wear was noted on the graphite bearings, on the journals and on the impeller key- 
way. The maximum scoring of the journeLLs and bearings was estimated to be 
approximately 35 mils. No evidence of contact between the cans was observed. In 
order to perform hexone pumping tests for a proposed Redox plant application, new 
bearings were fabricated and the journals were polished. 
installed in a closed circuit test loop provided with flame checks and safety 
devices intended to halt operation under hazardous conditions. The test stand 
has been set up in an isolated area and will be placed in operation as soon as 
possible for an extended period to demnstrate the feasibility of canned motor 
pumps in handling volatile solvents. 

Corrosion in HnO?-EiF Solutions 

Recalibration indicated no change in performance during the life test. 

The pump has been 

In connection with a corrosion problem arising from flushing lines in the Recuplex 
Building, the corrosion of 304-L, 309, 30gSCb, 310, 316, 316-L and 347 stainless . 

steels and Hastelloys C and F by HnO3-Hp solutions at room temperature was deter- 
mined. 

alloys-were ew-sed fora single-96-hour peFiod in thzse solutions contained in 
capped plastic bottles. 
at less than 50 mils/mo in all six solutions. 
20 mils/mo in all six solutions but is not considered satisfactory for the intended 
service because of known increase in corrosion by nitric acid at increased tem- 
peratures. 
solutions and, from a corrosion viewpoint, appears satisfactory for the service. 
Previous experience with Hastelloy F in Niflex solutions showed that weldments 
of this alloy are subject to preferential weld metal attack in acidic fluoride 
solutions unless properly annealed. 

The solutions tested were 16 M ElN0~-0.025 M EF, 16 M HNO -0.25 M €IF, 1 M 
EF, 1 M HNO3-l M BF, 1 M HNO3-5 M HE' %d 1 M HNO3-iO M €IF. -3 Samp es of The varizu 

Of the 300 series stainless steels, only 309SCb corroded 
Hsstelloy C corroded at less than 

Hastelloy F corroded at rates of less than 2 mils/mo in all six 
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Non-Mefallic Materials 

A plastic-coated cotton glove manufactured by Grant Glove Company was tested for 
pssible use at Recuplex. 
Recuplex CAX penetrated in less than 24 hours. 

Samples of 85 different pieces of reactor grade carbon were tested for 10 days in 
boiling 60 percent nitric acid. 
for process solution lubricated bearing stock. 

The glove is marketed under the trade name Nigran. 

All 85 samples were judged to be satisfactory 

Recuplex Solvent Extraction Control 

Following la'boratory evaluation of several alternative control techniques, an 
automatic control system has been devised for the Recuplex solvent extraction 
process. 
flow rates of tbe feed and extractant streams to achieve maximum column capacity, 
and plu*bnium concentration gradient monitors to adjust the flow ratios to result 
in high column efficiencies, i.e., low plutoniumlosses in the waste stream. 
Plans are proceeding for further testing of the system in Recuplex, and procurement 
of the equipment necessary for the test has been initiated. 

Basic elemnts of the system include ratio controllers for setting 

Nectroa Multiplication Monitor 

The neutron detection instruments of the experimental multiplication monitor 
were relocated in the Purex N-cell to a position providing higher neutron flux. 
Multiplication factors up to 2.5, corresponding to bff of 0.6, are expected in 
the new location adjacent to the N-7 receiver tank. 

Counting rates on the aP3 tube system show variations from 13 percent to 78 per- 
cent of chart when fxing the receiver tank to a given liquid level, dumping 
and refilling duing the operation of the process. This change in counting rate 
wi-h the same concentration of plutonium comes primarily from two sources, 
additiooal r?eu+,rons produced from (a, n) reactions when more solution is added 
to the tank scd fro= multifiication of these so-called source neutrons by fission. 

Ee diffused jurcfion silicon neutron counter is correctly indicating changzs in 
neutron flux bu+, due to Its low geometry and low conversion efficiency, in 
relatioc to the EF3 tube, the resulting counting rate is only about one percent 
of that of ths aP3 tube. 
of solld state devises have Seen reported in the literature; these will be evalu- 
ated as quick;y as alternste detectors can be obtained. 

Various methods of increasing ccnversion efficiency 

R~dox Xssolver Solution ailina Point Measurement 

A method for de+,ermininq the boiling point of the Redox dissolver solution is 
needed TO indicate uranium concentration and thus the extent of dissolution. 
An instrmert to indicate the boiling point continuously is under study. The 
apcaratus cozsists of tsbe with an electrical heater at one end and a cup-shaped 
receiver a= ',be other; the heater end of the tube is submerged. Steam generated 
by L-he neater is equilibrar*ed with the liquid in the tube, and at some power 
kpuz stem qeneratfon should be sufficien2 to lift the liquid to the receiving 



cup where the temperature is measured. 
if solutioa is in fact being boiled and 
testing will be undertaken on solutions 
boiling pinta are obtained. 
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A device will be included to indicate 
pumped 3y steam lift. 
of known composition to assure that true 

Some laboratory 

Special pH Electrodes 

1nvestiga"uions were made of gamma dose rate effects on the potential developed 
by a calomel electrode. A 6 millivolt potential difference was observed between 
two identical electrodes, during exposure of one electrode to a gamma dose rate 
of approximately 4 x 106 R/hr. 
pH reading in high radiation field can be expected. 
inner electrodes and 80 inorganic buffer solution have been fabricated and cali- 
brated in the laboratory prior to irradiation testing. 

This potential is sufficiently low that a reliable 
Electrodes using calomel 

C-Column Mathematical Model Development 

The de3ugging was completed this month on the subroutine to do the non-linear 
least squares fit of the C-column mdel to the data. Integration of the two 
sirmiitaneous differential equations assumed to be the model for the C-column as 
performed by this subroutine agrees with the analog computer solution to the 
sane equations within the accuracy obtainable by an analog computer. With this 
subroutine, initial trial runs were made with the Gauss iterative non-linear 
least squares routine. The parameters for the model determined with the analog 
compu4&r were used as the initial estimates in the 7090 computations. The Gauss 
routine effected a ten-fold improvement in the fit to the data, as measured by 
the standard deviation of the data around the model. 

REACTOR =LO-T - 04 PROGRAM 
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Sal% Cycle Precess 

Separaticrr of Plutonium from Uranium in Molten Chloride Systems - The current 
status of work on the recovery of uranium and plutonium from molten chloride salt 
solutions of irradiated uranium dioxide fuel elements can be summarized as 
follows: 
uranium and rare zartbs and without use of a carrier, by sparging a melt of the 
proper composition with an oxygen-chlorine gas mfxture, (b) U02 has been electro- 
deFosi5CJed from a melt of the same composition, with good separation from plutonium 
arid the rare earths, but (e) mans have not yet been found to achieve good rare 
earth separation while electroly',icaliy co-depositing U02 and Pu02. 
developmeats are aited below. 

(a) piutonium dioxide has been precipitated, with good separation from 

Recent 

The precipitanicn of PuO2 by reaction of pl~to~ium(II1) chloride wi5h an oxygen- 
chlorine gas sparge has been studied in three molten chloride salt system at 
575 C: 2.5 LiC1-NaC1, 2.6 LiCl-ICCl, and LiC1-KC1. Each melt contained 9.2 
weiat percenz ;w/o) uranicuc, and uranium/plutonium and uranium/rare earth ratios 
of 100 ar,d 1300, respectively. 
the composl-:iocs cf both the melt and the gas sparge. In the 2.6 LiC1-NaC1 melt, 
the ms't favor&ie rgsuits were obtained wi5h a 28 percent cxygen-72 percent 
chlorine sparge. 
tc 0x225 az.d 82 persent recovered from the melt by settling and decantation. 

The results achieved were highly depndent upon 

Ynder these cor;ditfons, 86 percent of the plutoniuqwas converted 
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Pro~ethium-lu and uraaium decoctamination factors of 370 srd 1500 (plutonium 
baais), respecfpreiy, were achieved. 
increased ?>e auiouct cf uranium end rare earths carried by tte precipitate. 
%e 2,6 LiC1-KC1 mlt, a 55 percect orJgen spar& converted 90 percent of the 
p1utcr;iilrc to +Le oxide, but the precipitate was much more ffnely divided than 
in tbe 2.5 LXl-NaCl melt, acd oply an estircated 50 percent of the plutonium was 
recovered from the melt. 
!pLi*zium 3asis) were 600 and1100,respectively. No precipitation vas observed 
in a LXl-KCl melt with 55 percent cxygen cr in a 2.6 LiC1-KC1 melt with only 28 
percent oxygen 

Plxcnium arrd rare earth behavior durlng the elec3rolytic'reduction of uranyl 
&Loride to U02 at 600 C in a 2.5 LiCl-NaCl melt was studied in three experiments. 
The crlgical xcelt in each case had the same ura~ium, plutonium, and rare earth 
xzzecz as described above for the PuO2 precipitation experiments. 
t-ype electrolpls with a 100 percect c3orine sparqe gave a 60 percent current 
effiziecty with plurocium acd pron;e+hium-l@ decoLtaminaticn factors (uranium 
Sase) cf 85 and 1500, respectively. Attempts were made to eo-deposit Pu02 with 
the TO2 b.y a&er?q 2L and 55 percent oxygen to the sparge gas, conditions which 
have keen fcucd 7% precipitate P.102. The ma-jor effect of the oxygen was chat, 
&ttmgh scw PJo2 was precipi=atcd? ve-y lift& was incorporated in the U02 
deposit. At the s8me ths prozerhlm separation fell off. For example, in 
the run wi"3 55 percent oxygeE, 3C perren'; of tbe Flutonium was converted +a FW2 
which agglomerared and settled. Decontminatioa factors from the melt to the UOg 
deposit wore six for plutoriun atre ocly 55 for promethium-148 (30th on a uranium 
baszs 10 

Incr9asing the oxygen concentration also 
In 

Promethium-lw and Uranian decontamination factors 

A partition- 

VCQ Zrystal ';rovt,h Stucilea: P?JCL~~*~ KC1 Sait System - Further studies have been 
xace @I' *e grovch of 5'02 crystds 5y electroeepsition from PE12-2.5 KC1 
sol~~ices 05 way1 chloride. 

ar,d gadmy :onvert to cutes as 108 faces form oc the tips of the needles. 

The-lapse pbozography of growicg crystals has shown 
;- ..a. - 51% 5eFoci;s start as needles. These pow rapidly on the 110 or ll.1 faces, 

'rvc c.tserva~iol=s were de of ?he effect of introdwing sir icto the melt after 
a qc0.f 37.1%~ deposit hd hec well es%ablished. 
:oared graphite anodes, cocverTe0 from cubes to needles. 
i-qerizelz: ming an uccoared anode, tkls ccnversion had not beer o3served. 
caLse of yke cLiPereme i;= results is ncrr kcown. 

Both deposits, made with U02- 
In a single prwious 

The 

T: 2-rsta2 ?ma StudLes: 2.5 LiCl-NaC; Svsr,ec: - Recent in)ierest in the 2.6 
L:C:-X&l salt system as a ~liediurc for aclcievlng good plutonim recovery has 
I 
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- U02 Crystal Growth Studies: Sulfate, Fluoride,and Fluoride-Chloride Systems - Scout- 
ing experiments have been run on the electrodeposition of U02 from all-sulfate, 
U--flioride, and fluoride-containing chloride melts. 
obtain U02 from all three ty-pes of systems, although the deposits from the sulfate 
and fluoride melts were porous and of low quality. 
750 C with a NaGl-KICl melt containing five w/o NaF, using a silicon carbide 

tended toward a cubic orientation and had an O/U ratio of less than 2.01. 

It has been possible to 

A single run has been made at 

-' crucible. The UOg produced in this case was composed of dense crystals which - 

- Engineering Development - Two pilot plant runs were completed during the month 
- producing a 41-pound batch of powdery U02 and a 58-pound batch consisting of 20 

. 
pounds of good dense product near the electrode surface and 38 pounds of powdery 
U02 on the outside of the deposit. 

Although only a small part of the U02 produced in the two runs was of high quality, 
. the run data were informative. The results indicated that: 

1. The production of reactor grade, electrolytic U02 cannot be assured if 
U308 is allowed to remain undissolved in the melt. 

The use of an HC1 sparge (versus chlorine) for drying if used while 
undissolved U308 remains in the melt appears to result in further product 
degradation over that caused by the undissolved U308 alone. 

2. 

3. The U308 sludge accumulated in the crucible from a series of batch cycles 
can be chlorinated almost indefinitely without complete dissolution. 
dictates phys'ical clean-out between cycles or development of a stirrer to 
augment dissolution. 

This 

4. Drying of the melt by intermittent sparging with HC1 or chlorine was demon- 
strated to be much less effective than continuous sparging. The melt 
regained "moisturet' during the non-sparge periods in spite of a dry gas 
sweep over the melt surface during these periods. 

The integrity of the crucible container (susceptor) must be maintained 
acd the atmosphere carefully controlled with the drybox lid to insure a 
dry rcelt during electrolysis. 
ment resulted in increases in the "moisture" content of the melt. 

5. 

Leaks in eithr of these pieces of equip- 

6. 3oGd quslizy product may be produced with reference electrode to cathode 
voltages hi@er thar; those used in laboratory tests. 
my be due to the IR drop across the melt. 

Part of this effect 

MateriLs of Cocstruction for Salt Systems - Samples of Inconel, Inconel X, 
Iccocel 7/32, Incoloy 802 and tantalum were exposed for single six-hour periods 
to chiorine-sparged 60 w/o PbC12-40 w/o KC1 at 600 C. 
at a rate less 5hgZ; 100 mils/mo; its rate was 84 mils/mo. 
Duranickel, Permanickel, Hastelloy B, C and D, and 406 and 320 stainless steels 
were exposed for single six-hour periods to chlorine-sparged 60 w/o KC1-40 w/o 
LiCl at 600 C. Only Duranickel corroded at less than 100 mils/mo; its rate was 
58 mils/mo 

Only Inconel 702 corroded 
Similarly, Inconel 702, 



Dissolution of Pl?l!R Spike Fuels 

DissolGtion rates for non-irradiated PRPi spike fuel alloy in 6 M RH0 -0.03 M 

appears to control the inhibiting effect and the maximum useful ratio 
five. At ratios above six, activation of the alloy by mercuric nitrate to 
produce rapid dissolution was not dependable. 
clad irradiated PRTR spike fuel have been obtained and stored in the 222-S 
cubicle to permit 1-131 decay. 
dissolved to determice plutonium losses 6uring decladding and to compare dis- 
solu+icn rates of irradiated with non-irradiated alloy. 

IQE4F-O.OO5 M Z&NOg) were decreased 3y a factor of about three ;hen ? he dis- 

? 
solvent was-made 0.0 K to 0.03 M in nickel nitrate. The Ni(N03)2/Hg(NO )2 ratio 

s about 

!Cwo five-inch lengths of Zircaloy-4 

About the first of March these sections will be 

RADIOAGTIVE RESIDUE FIXATION 

Kineti: Studies of Ion Exchange Materials 

Strontiun: diffusion aata were determined for several sodium-based, inorganic 
zeo1i:es. 
12 kcal/mcle were coffiputed for the zeolites erionite, phillipsite, and clinop- 
tilolite, acd a gel having a six-+A-one, silica-to-alumina ratio. 
are thme 50 five C,izes higher +hac corresponding cesium values. 

B the particle diffusion region, activation energies ranging from 8 to 

These values 

An ac7ivation energy cf 17.4 kcal/mole was calculated for a type A synthetic 
zeolite, indicative of the forniation of bonds stronger than those typical. of 
slmple caticn exzhange reactions. 
FrreversiSlz strontim exchange for sodium, a bed of sodium-based typ A zeolite 
was fully loaded with 0.2 N SrC12 + 1.0 x 10-7 N - Sr-85 solution, as indicated by 
a recorairg of Sr-85 activity on the zeolite 
NaC1 soluticn. 
with The NaC1 sclution indicated that this portion of Sr-85 was "fixed", or had 
chemically reacted with the type A zeolite. 

To determine the possi3ility of a partially 

The bed was then eluted with 0.2 N 
Failure to elute some 35 percent of the previously-adsorbed sr-87 

ih the film diffusion region, reaczicr: rate cocstaots for the a2ove same zeolites 
of 1.0 zo 2.0 x 10-3 sec-1 were obtained for an influent containing 1,O x 10-3 N 
SrC12 + 1.0 x 10-8 - N Sr-85. The reaction rate constacts for the same concentrar 
Tion of cesium are a3out five tims faster. 

2-p A zeolite is the most strocfium-selective of the zeolites tested, but elution 
of adsorbed strontium is not practical. 

Proii2lrrary experbents were carried out in order to improve definition o? the 
~aliyr sf :lircpt-ilclite. 
clircgtilcli'e o3taired from three sources. 
Fr colcr, as is ore from 3 Nevatb source, but a second from a Nevada source is 
v5;te wFrt lark 5andirqs. 
ciiropzllc2te frcm Californiap Nevada green ezd Nevada white, rzspectively. 

Cesium distri3utioc coeff icierss were de+,e-mined for 
A mineral. from CaiiZornia is green 

Kd vdces of 2300, 1200 and 1140 were Iceasured for the 
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Low- and Interkediate-Level Wastes 

Laboratory experiments indicate that ruthenium would not be removed by addition 
of oxidizing agents to Purex Tank Farm condensate during steam stripping operations. 
Ozone and hydrogen peroxide were first studied since these oxidants do not intro- 
duce cations which might adversely affect the ion exchange remval of cesium and 
strontium. 
15-minute boiling time. 
Longer reaction times were not investigated because of the relatively short hold- 
up time that is practicable with the 271-CR steam stripper. 

Micro Pilot Plant Run 22 which is in progress to evaluate the performance of a 
0.25 liter column of Amberlite IR-120 in the sodium form hse treated over 2500 
liters of Purex Tank Farm condensate. 
ammonia and organic and adjusted to a pH of 4.2 by nitric acid addition. 
and Sr-90 concentrations in the effluent have been-less than their respeciive 
MR2, values, 

Ruthenium Behavior 

The measurement of the vapor pressure of Ru04 fron nitric and sulfuric acid solu- 
tions was completed with determination of the temperature coefficient and of the 
effect of substituting sodium nitrate for nitric acid. 
increasing quantities of sodium nitrate increase the vapor pressure of Ru04 (from 
a solution initially one molar in nitric acid). 

, 

Laboratory results showed no detectable ruthenium removal during a 
' Experbents with sodium hypochlorite gave similar results. 

- 

' 

The feed was steam stripped to remve 
Cs-137 

In contrast to nitric acid, 

Measurements of the kinetics of thermal decomposition of Ru04 (using the specially 
modified Cary 12 spectrophotometer) have been made with both glass and stainless 
steel chambers. 
to be much more rapid than in glass; however, theeainless steel surface gradually 
became inactivated until the rate was much slafer than in the glass system (after 
ruthenium oxides have built up in both; the glass surface was initially very 
inactive). Use of the spectrophotometer and continuous flow system has been very 
satisfactory and has shown reaction details which would have been very difficult 
to desect or measure by the use of (necessarily integrating) chemical absorbers. 
It is planned to extend the investigation to include measurements of the influence 
of nltri.2 acid vapor. 

In-Cell Cslciner 

Assembly of the in-cell calciner equipment in the cold mock-up area is nearing 
completion, although some electrical, pipe fitting, and instrument work remained 
at math's end. Testing, calibration acd cold shake-down operation should get 
uderway during the coming month. 

The initial rate of decomposition in stainless steel was found 

, 

A two-stage electrostatic bubble scrubber for in-cell use has been designed and 
is being fabricated. It will employ, besides the bubble stage, an ionization 
stage with e&ernced residence the and a York mesh di-mister following the 
5ub51e section. It is hoped to remove 99 percent of the sub-micron particles 
which have tot been remved by prior treatment. 
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TERFESmfAL ECOWrY - EARTE SCmCES 

Geology and Hydrology 

Drilling on Project CAH-921 WBS completed. 
exceeded original estates of 4,645 feet by about three percent, due largely 
to the significantly greater depth to basalt than predicted at three sites. 
addftioc, 13 weus (out of senrice because of silt infiltration or equipment 
lodged in the casing) were rehabilitated on this contract. 

Current exploration by the Corps of Engineers at Columbia River mile 348 was com- 
pleted. 
depth of 202 feet, was turned over to Hanford for ground water studies. Inte- 
grstioo of geological data from their explorations into the Hanford picture is 
underway. 

Total footage drilled (18 wells) 

In 

Their well D-ll, which is a cased and perforated well completed to a 

A method was studied for overcoming the computational problem associated with a 
proposed procedure for in-place permeability measurement in heterogeneous soils. 
The method involves successively improving au initial estimate of the permeability 
urF1 the potentid distribution computed from the estimate agrees with the 
measured potential. Values obtained by this method were better than those result- 
ing fro= the eazlier finite-difference method which contained 35 percent error. 
H3wever, the 23 percent error for the successively-improved method is undesirable 
as compared to the 8 percent error for the linear-approximate method. An im- 
portant feature noted is that the linear-approximate method tends to smooth peaks 
excessively and does best in regions of gradual or no permeability change. 
cmtrast, the successive-improvement method shows better agreement in regions of 
rapid permeability change but does poorly in zones of constant permeability. 
findings suggest combining the two approaches to arrive at a better computational 
schem a 

In 

These 

Twc. computer programs, "Steady-State Flow in Soils" and "Penneability Improvement" 
were linked together to calculate pemabilities from potentials and boundary 
pemabilities. 
shce the programs are no longer passed through the computer separately. 

Field Apparatus Development and Application 

The linkicg results in a five-fold reduction in computer time 

A fllix-gs;te magnetometer was acquired and is being adapted for vehicle mounting. 
Surveys with this instrument will supplement earlier obtained airborne magneto- 
meter bt6. and will aid in more accurately defining contours of the basalt surface. 

AZMCSPEERIC RADIOACTIvITk' AND FALLOUT 

Radiation Chemistry 

Most protection indices (a measure of the relative ability of a compound to 
react *,th free radicals) are determined at 25 C, but protection of animals is 
messured at the body temperature of 37 C. 
reaeticn providing protection and the dye reaction used to determine the protection 
kdex =e different, then good correlation cannot be expected between.protection 

If the activation energies of the 
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activation energies. 
Cell 200 Co-60 irradiator recently received and put into operation. 

Experimental data on hemolyses of red blood cells protected with various dilute 
concentrations of valine, histidine, tryptophan and erioglaucine show a fairly 
good fit to the equation 

These studies are more conveniently done with the new Gamma 

FurLer stu 

L 

Les will 

where: Th = hemolysis time 

(P.I. ) = protection index 

[PI, = initial protective agent concentration 

Tho, a, b = constants 

e made of this correspondence between protection 0, a living 
cell and the ability of compounds to inhibit bleaching of erloglaucine dye. 

- 

The effect of sample position on ESR signal emplitude has been investigated in our 
rectangular microwave cavity. The position of a minute sample is ratbr critical 
in the vertical direction and in the front to back direction. Moving the sample, 
which was about 0.3 mm in diameter, 0.8 mm in either of these directions resulted 
in a 4 percent decrease in peak emplitude of the signal. 
to the magnetic field from the electromagnet revealed that maximum signal occurred 
next to the sidewalls of the cavity. At the sidewalls the signal amplitude was 52 
percent greater than when midway between the walls. 
thought to be due to the non-uniformity of modulating magnetic field produced by 
the coils just outside these sidewalls. At the center of the cavity a 3 mm wide 
region exists where the signal amplitude stays within 6 percent of its minimum value. 

Moving the sample parallel 

This variation in amplitude is 

RAD101s0Tows As PARTICLES m voLAms 

Aerosol Generation and Characterization 

Detail specifications were obtained and will be used in assealing a spinning disc 
aerosol generator. The generator is capable of producing controllable, narrow- 
particle-size-range aerosols over a wide range of particle sizes. 

Particle Deposition in Conduits 

The dry particle aspirator was modified to reduce agglomeration and provide better 
control of particle generation rate. 
into the settling chamber fed by the dry powder aspirator were less reproducible 
than required for accurate deposition measurements. The aspirator, chamber and 

Samples drawn from two identical probes 

sample measuring techniques are being reviewed for 

WH Reas:cf Chemical Research and Development 
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BIOLOGY OPERATION 

. A. OFGANIZATION AND PERSONNEL 

No significant changes occurred during January. 

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 02 WOGRAM 

Monitoring 

Aquatic Biology facilities at 100-K Area are being readied for the start of the 
annual effluent monitoring tests using young chinook salmon. 

Virulence tests using cichlids showed that these fish are highly sensitive to 
columnaris. 
sublethally irradiated organisms showed no differences in virulence compared 
to controls. 

Studies on a radiaiion-induced mutant of columnaris and on 

Waterf ow1 

Radioactivity analyses of 263 duck heads during the month completed the study 
for the 1962-1962 hunting season. A total of 3,&3 heads were analyzed. 

BIOLOGY AND MmICINE - 06 FROGRAM 

METABOLISM, TOXICITY, AND TRANSFER OF RlWIOACTIVE MATERIALS 

Phosphorus 

In the study of the effects of feeding s2 on the mortality and spawning success 
in cichlids, activity levels of 0.16, 0.55, and 2.01 Nc/g of fish were found in 
groups fed 0.25, 0.1, and 4.0pc/g of food, respectively. 

Strontium 

The rearing of 200 trout on a SrFo spiked diet was initiated. 
eauilibrated body burden is built up these fish will be used for stress 
experiments . 

When an 

The addition of 0.1 mM calcium or more to the external environmental solution 
in the gill pe fusion techniaue will decrease the active uptake of strontium 
from 4.0 x 

Data have now been obtained cln the absorption of Sr8S and Ca45 from the perfused 
small intestine of the rat over a pH range extending from 1 to 12. 
remarkably little effect in the range of pH 5 to 11. 
pH 2, there was a marked increase in the absorption of Sr 
ex\ibited by Cabs, suggesting that absorption of the two isotopes was occurring 
by different mechanisms. 

cm/sec to approximately 2.0 x 10-7 cm/sec. 

There was 
range of pH 4 to 

In s"$ which was not 

A greater variability of results in the acid range may 
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indicate animal variation in reserve buffering capacity. 
in Cabs absorption at the extremes of pH 1 and pH 12. At these extremes the 
absorption of CaL5 and Sr85 was mite similar, suggesting that the mechanisms 
responsible for the usual preferential absorption of calcium over strontium 
are inactivated under these conditions . 
A gilt fed 3.1 mc of SrS0/day for 82 days qked and exhibited pathological 
lesions associated with bone marrow aplasia. 
neutrophils, and thrombocytopenia had developed progressively since initiation 
of feeding. Erytnrocyte numbers and hemoglobin concentrations had remained 
within normal limits until qFroximately a week before death, at which time both 
were about half of the normal values. 
condition were noted until two days before death, at which time inappetance and 
slight respiratory distress developed. 
worse with severe pulmonary edema present a hours before death. 

There was a sharp dr 

Leukopenia, particularly of the 

No other significant alterations in clinica’ 

Respiratory distress became progressively 

On post-mortem, the animal manifested widespread hemorrhages analogous to those 
seen following acutely lethal whole-body radiatiori. Free blood was present in 
most sections of the gastrointestina1trac.t above the lmer bowel. Both lungs 
were extremely congested and edematous, apparently from an overwhelming 
bacterid pneumonia. All normal marrow sites were aplastic with active marrow 
present only in the centers of long bones. 
The vertebral bodies, normally active marrow sites, appeared to be more dense, 
either 15th trabecular ossificztion or fibrosis. 
(SO days of gestation) were present in the uterus. 
and u’nite cell determinations on blood from the feti showed values about 
2/3 of normal; however, their significance is of question, because the aam 
had been dead for over two hours.) 

Cne animal fed 625’ pc Sr9’/day for over four months gave birth to seven viable 
offspizg. 
deteninations on one offspring falling within normal limits. 

This marrow was very hemorrhagic. 

(Erythrocyte, hemoglobin, 
Five normal appearing feti 

ExceFting for reduced size, they appeared normal, with blood 

Comparative Toxicity 

A progressive leukoperiia has been not 
three months ago with either 64 pc Sr@/kg, 6.& pc Ra’”/kg, or 1.3 ,uc Pu239/kg. 
Present leukocyte values are approximately 25 per cent below normal. 

(One two-year-old control animal died, apparently of rupture of the bladder 
and associated hemorrhage into the peritoneal cavity.) 

in animals in’ ted intravenously 

Iodine 

Three experiments have been completed to test the biological effectiveness of 
II27 as a diluent of 1131vapor. Iodine-127 inhaled with I13I decreased the 
amount of Iul deposited in the thyroid of rats but the decrease was not as 
great as was expected. 
of 1127 vapor. 

Further experiments are planned using greater quantities 

UNCLASSIFIEL 
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Neptunium 

An experiment was initiated to determine the acute toxicity of intraperitoneally 
injected Np237. Rats receiving 9 mg/kg died within 5 hours. The acutely toxic 
level appears to lie between the 30 and 50 mg/kg levels. 

Thirty minutes following intracardial injection of Np237 samples were taken of 
liver and kidney for study of neptunium distribution in sub-cellular fractions. 
These studies are still in progress. 
against either phos hate or citrate buffer for 72 hours. 
per cent of the Np257 in plasma was dialyzable regardless of the buffer employed. 
Under similar conditions plasma plutonium was 18 per cent dialyzable in phosphate 
buffer and 92 per cent dialyzable in citrate buffer. 

Two young ewes were given 6 mg/kg (4 2jfx) of Np237 in continuation of the study 
on the acute chemical toxicity of Np 
by the third da post-injection. 
measured by Iu9 Rose Bengal blood clearance. One ewe died on the fourth day 
post-injection and at post-mortem showed hemorrhages in the liver, although 
not to the extent observed in a ewe given 12 mg/kg, reported previously. The 
remaining ewe (given 6 mg/kg) survived the acute stage and was sacrificed on the 
twelfth day post-injection, at which time she appeared grossly normal although 
manifesting impaired liver function. 

A further study was performed utilizing Iul Rose Bengal blood clearance as a 
liver function test in sheep by obtaining blood samples at various intervals 
after injection while simultaneously monitoring a vascular region in the neck. 
The rate of clearance from the blood as measured by monitoring blood samples 
was found to be more rapid in sheep than the clearance rate indicated by external 
monitoring. The differ nces in the two methods is probably due to the 
concentration of the I1fl in the tissue which is detected by external monitoring. 

Plasma from these animals was dialyzed 
Between 30 and 4s 

. 
in sheep. Both ewes were severely ill 

Liver function was greatly impaired as 

Plutonium 

Studies of the intracellular distribution of plutonium and of its state in plasma 
were initated, as described for neptunium. 

Complete data are now available from the experiment to determine the effectiveness 
of urethane and ultrasonic treatment, in conjunction with DTPA, for therapeutic 
removal of plutonium. As previously indicated neither urethane nor ultrasonic 
treatment appear to have significantly beneficial effects. As a pre-treatment 
urethane decreased the liver uptake of plutonium by about 40 per cent; bone 
deposition, however, was increased. 
interfere with the action of DTPA. 

Urethane administered with DTPA appeared to 

Forty per cent of the sites on the last two blond miniature swine injected with 
5 pc Pu239(IV) nitrate showed ulceration and exudation by the thirtieth post- 
injection day. In the sites showing tissue breakdown, only 10 to 40 per cent 
of the 'pre-ulcert' quantity of plutonium was detected by external monitoring, 
compared with 80 to 99 per cent retention detected in the sites in which no 
ulcers formed (in a comparable one-week period) . 

UXC LASS IF IED 
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Radioac t ive P&i cl es 

Nine dogs exposed to Pu23902 and three controls were added to the 27 dogs 
already on a long-term study of plutonium inhalation. 
added in the spring and three, exposed more than two years ago, will be 
sacrificed for deterrimtion of the plutonium content of the tissues, and 
study of possible pathologic changes. Pulmonary function tests are being 
developed for detecting Flutonium-induced changes in the lungs. These 
tests are expected to detect changes earlier than roentgenology, since the 
latter did not show positive changes earlier than about two weeks prior to 
death in a dog which died five months after pulmonary deposition of 20 to 25 

Twelve more will be 

. 
Nilk Transfer of Ra6bnucIides 

R&7, U233, and Cmm following a single intravenous dose. 
be perfoned in April or May. 

Plans were formulated for the study of the milk transfer of S$O, Ru1O6-Rh1O6 9 

This study will 

Regene rating Liver S tud ie s 

Additional stxdies on the uptake of Cllr labeled alpha-amino isobutyric acid (K3) 

by the regenerating liver indicate that this uptake is increased approximately 
twofoid in ahals given 2,000 r whole-body X..ray and hepatectomized, as 
cmpared with animals hepatectomized only, or sham operated. 

Ion Uctake by Plants 

Chloramphenicol decreased uptake of Cs by low salt-high sugar and high salt- 
high sugar plants. However, translocation of Cs was not affected. Plants 
previously injured by Cs recovered when grown in the absence of toxic levels 
of Cs. 
normal. Healthy plants (10 days old) did not show symptoms of toxicity when 
exposed to toxic levels of Cs for four days. 

Injured roots and leaves did not recover, whereas new growth was 

Rattlesnzke Swings 

Studies of interrelationships between soil chzracteristics and the natural 
plant communities on the Hanford Reservation showed a marked pH increase in 
surface soil from urder greasewood plants as compared to soil from barren areas 
or from under other species from the same community. 
greasewood is indicative of pronounced mineral cycling by these plants. 

The higher pH under 

A study of the plankton development in a newly formed impoundment was 
initiated. 

Columbia River Limnology 

An ecological study of Columbia River plankton was initiated, including 
establishment of collecting stations and collections of the first series 
of samples for analyses. 
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Fallout 

Radioiodine concentrations in Hanford ad Colorado deer thyroids continued to 
decrease from December values. Average concentration near the end of January 
was 3 x lO-4plc/g wet weight. Hanford thyroidal 1131 concentrations were about 
SQ per cent greater than Colorado values. 
were below the detection limit of 2 x 10-5 pc I13z wet weight. 

All th ids from Alaskan caribou 

Project Chariot 

Over 21 species of freshwater crustaceans were found in plankton from tundra 
ponds under study in the test site environs. 
comprised most of the species. 
differed noticeably from 1960 to 1961. 
showed less diurnal variation than those of 1960. 

Copepods and Cladocera 
The summer temperatures of the tundra ponds 

They were generally lower in 1961 and 

General 

Mr. J. F'uauay was a guest of Biology's Internal Emitter Committee meeting. 
Research on the atmospheric disposition of particles and possible problems 
of radioactive particle release were diecussed. 

HA Kornberg: es 

125GiCC; 
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C. Lectures 

a. Papers Presented at Society Meetings 

b . Seminars (Off S ite ) 

Bustad, L. K., flPhysiological response to ionizing radiation, If Institute 
of Radiation Biology, University of Washington, Seattle, Kash., January 2L . 

Bustad, L. K., Sage animal radiation biology studies," University of Califorr 
at Los Angeles, January 29, 1962. 

Van1 t Hof, J., "Effects of radiation on the biochemistry and morphology of 
dividibg cells, 
Seattle, Xashington, January 3, 1962. 

University of Washington Inst itute of Radiation Biology, 

Vantt Hof, J., f'Alteratbns of the mitotic cycle by resciratory poisons," 
Washington State University (exchange seminar program), January 11, 1962, 
Pullman, Washington . 

fijihara, M. P., "Eadiation Biology at Hanford," Yakima Valley High School 
Teachers Association, ITapato, Washington, January 18, 1962. 

c. Serrinars (Biology) 

9. Jane Coleman, "Fluorescence microscopy in Biology,1f January 9, 1962 

W. H. Rickard, "Some f'unctional aspects of ecosystems,f1 January 9, 1962 

E. G. Tombropmlos, "Biosynthesis of dihydrocholesterol, Januery 22, 15'62 

J. F. Park, %adiglogical and clinical changes following inhalation of an 
acutely lethal dose of plutonium dioxide in beagle January 22, 1F62 

d. Miscellaneous 

U. L. Dockum, "Autoradiography'! - Hanford Laborataries Operation Research 
Staff Meeting, 300 Area, January 18, 1962. 

D . Publications 

a. Documents 

Bair, W. J., and A. C. Case. 1961. Preliminary studies of inhaled dust 
containing neptunium-23 7 HW-70949. 
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OPERA!L'IOmS RESEARCH AND SyNlctIEsIS OPEEUEION 
MOEJTBLY REPORT - JANUARY, 1962 

ORGANIZATION AND PERSONNEL 

J. E. Schlosser was transferred from Physics and Instrument Research and 
Development to Operations Research and Synthesis effective January 1, 1962. 
R. H. Rodman accepted a rotational training assignment with the group 
effective January 1, 1962. 

OPERAZIOMS RESEARCE ACTIVITIES 

HP90 Model 

The second draft of a report describing the relationship among conversion 
costs, investment, and production at WO is being circulated for review. 

STATISTICAL MID -IC& ACTIVITIES FOR OTHER HMO COMPONENTS 

Fuels Preparation Department 

Fuel Element Performance 

. Three separate activities were carried on in connection with the general 
' 

problem of improving measurements performed on the unirradiated f'uel elements. 
.The analysis of UT-2 data for twelve standards encompassing the range of pro- 
duction data was completed. On the basis of this analysis, values were assigned 
to the standards against which testers can be calibrated in the future. In 
another area, the capability of the bond tester was evaluated in an experi- 
ment in which new crystals were used and great care taken to calibrate the 
testers prior to collecting the experimental data. Finally, assistance was 
provided in the analysis of data collected to determine the adequacy of 
dimensional measurements on the pre-irradiated fuel element. 

Further assiszance was provided in the analysis of data describing chemistry 
and grain size segregation along an ingot and the resulting rolled rod. 

An -lysis is being made of break strength data from some 500 fuel elements 
encompassing a range of resideice times. Break strength is being correlated 
with fie1 element parer and residence time. 

&came of the inability to detect ingot impurities existing in minor amounts, 
my values are reported as being (xoppm. As a result, there is some question 
as to how best to summarize the resulting data. 
area. 
log-normal distribution provides a good description of the data. 
will be made to develop some sort of censored distribution for each impurity. 

Assistance was provided in the designofa production test to evaluate the 

Work is being done in this 
It has been shown for one impurity selected at random that the censored 

An attempt 
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fcllmed by a chrcrmic acid autoclave treatment. 
f3r this test, it was found that a chromate-dichronate autoclave treatment 
after the water autoclave may give better results than the chromic acid 
actaclave. A laboratory experiment was designed to pursue this further. 

In preparing fuel elements 

General 

An analysis was made of warp data from some % NPR fuel element extrusions 
in order to evaluate the effects of identified process variables. 
impossible to estimate these effects clearly because of the large amount 
of confounding in these production data. 
were reached, and experiment proposed to identify more effectively the 
effects of these process variables on warp. 

It was 

Certain qualified conclusions 

Sane NPR fuel element wall thickness data were examined to determine how 
best to characterize average wall thickness and the variation in wall 
thickness along the extrusion. 
gives estimates of the minimum, maximum, and average thickness, plus the 
orientation of the mBxirmrm (or minimum). 
computer t.echniques to be of practical use. 

A method was developed and suggested wnich 

plis method requires the use of 

Assistance was given in the design of an experiment to evaluate certain duplex 
bath variables as they affect the bonding properties in the Alsi process. 

Snne assistance was provided in analyzing bumper rail heights before and after 
welding, and in designing experimentation to more fully evaluate sources lead- 
iIy to variation in rail heights. 

A review was made of the acceptance specifications far U-235 content in ingots 
and/or dingots. Specifically, the effect of campositing samples on acceptance 
crizeria was investigated. 

A test was made of a theoretically deduced hypothesis pertaining to the 
relationship between certain warp vectors in NPR fuels. 

Quench media effects on the type and magnitude of dimensional distortion 
of heat trea%ed bare cores were evaluated. 

The requested critique of fuel element failure surveys performed by FPD 
personnel was completed. 

The mathematical analysis for the propagation of lamb waves in cylindrical 
shells continues. Although tine analysis is considerably more complex than 
that for slabs, results so far have shown the existence of entirely new 
phenomena unique to this geometry. 

Irradiation Processing Department 

Reactor Jptimization Stadies 

As suggested previously in connection with the study of work rates within IPD 
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rather than by months. 
about the same for all reactors on the average when adjusted for the number 
charged. These results were then used to prepare control charts monitoring 
the performance at each outage, and the accumulated performance. This will 
be discussed with area analysts in the near future. 

On this basis, it was found that work rates were 

A method of processing and analyzing overtime data was proposed. 
data will be processed, as they are made available, in order to obtain a 
rough idea of the effect of reassignments of personnel, and changes in the 
nmber of personnel, on total labor costs. 
effects should result frm the computer simulation study currently underway. 

One year's 

A much better estimate of these 

Work is proceeding in the computer simulation study of reactor operations. 
Difficulties have been experienced in processing personnel records for 
analysis, largely due to corrections and adjustments which were made for 
individual payment records. 
correct data, aaalytical programs are being written to provide the basic 
distributions of craft efforts to the reactor Functions. 

I 

Concurrently with the work being done to provide 

Process Tube Leaks 

Work is continuing on the devel-nt of a model for predicting the probability 
of a process tube leak due to internal. corrosion. Since the corrosion rate of 
aluminum is an important aspect of this, interest has been revived in a comparison 
of existing corrosion models, and possibly, in the development of an empirical 
model should existing models prove to be inadequate. 

General 

An electronic randoan number selector was developed by IPD personnel for use 
in sampling of incoming reactor components. Ihe results of 2700 selections 
were analyzed as requested to determine if the frequencies of numbers 
generated were from a truly random device. 
select mbers from on9 to eight. 

Using previously developed results, the probability that a given reactor would 
operate D days without Incurring an unscheduled outage was calculated as 
requested . 
Work continued on the problem of estimating the probability of detecting 
cracks in welded primary piping. 

The device is designed to randomly 

Work continued onthe provision of a reliability analysis of various reactor 
safety systems employing a "k out of n" type of trip logic. 
is directed toward incorporating into the analysis a consideration of routine 
periodic trip checking of devices. Figures of merit are being calculated for 
specific cases. 

Current effort 

Chemical Processing Department 

Machining Development 

dtja-gress has been made on the EIIPM program to produce magnetic control 



reliability in distri-mtia %he proper signals along the tape have all been 
successful, 

General 

Primary attention during the month was directed at many problems associated 
with meeting specifications on the finsl product, and demonstrating conformity 
to *en. 
that the process average purity remains above a certain level while the product 
a?ld measurement variations remain belar given levels has operated satisfactorilg 
ir demonstrating conformity to purity specifications now that part-by-part 
accepance had to be stopped due to the excessive amount of analytical work 
reqxired. 
arising frm Pu-240 and density specifications. 

The recently installed use of process control techniques to assure 

Statistical assistance was also provided in connection with problems 

Detailed calculations concerning the surface geometry of a specific item of 
manufacture were prepared. 

Relarions lheration 

me stady concerning the effect of different variables on blood count was 
continued. To improve the sample used for study, the effects of age, date of 
examination, and 
Area., 

radiation were studied on a population of males in the 100 
-%her work is planned in connection with this study. 

Contract end Accounting beration 

A sample was prepared for the review of file records and filing systems. 

2000 Pragram 

Pulse C"o1umn Facility 

--her statistical analysis was done on absorptiometer calibration data frm 
the backup set of frur test cells. mese calibration functions and cells will 
be used for future experiments if the original test cells are damaged. Work 
continued on the revision of NEUY, the nonlinear least squares routine, to 
handle a two ccmrponent dependent variable vector. The revision will be used 
to fit sinniLtanecraly the aqueous and organic concentration models. 

Statistical evaluation was initiated of the twenty pilot study experiments 
run on the pulse column last summer. Tne first stage of the evaluation is 
a correlation study to determine the gross dependence of several average 



value mass transfer indices on the five independent variables, aqueous flow 
rate, organic flow rate, feed concentration, pulse amplitude and pulse 
frequency, which were used as the physical factors in the pilot study experi- 
mext design. Two indices, the fraction of total uranium throughput transferred 
and the absolute transfer rate, are currently being correlated with these 
independent variables. 

Nondestructive Testing 

A FORTRAN program was written to estimate the average strain in a given 
direction in metal piping using X-ray diffraction data. 
testing procedure is being evaluated as a potential method for assaying the 
strain relief characteristics of annealing on NPR piping welds, 

This nondestructive 

Materials Development 

A discussion was held with personnel of Structural Materials Development to 
consider the possibility of IBM machine processing of creep data. 
strain-time data for each creep test will be recorded on IBM cards. 
programs are being written which will analyze these data using any one of a 
number of theoretical creep mechanism models with graphical as well as 
numerical output. 

The basic 
FORTRP,N 

Reactor Effluents 

An evaluation is under way jointly with Chemical Research to determine the 
representativeness of effluent samples taken from the sampling ports of the 
KE test loops. 
water samples were collected, each sample split and duplicate analyses for 
Na-24 and 01-64 done. 
been carried aut on these data and recommendations made concerning the need 
for flxther investigation to pin down the magnitude of the sampling variance. 

A recent experiment was performed where a number of duplicate 

Appropriate analysis of variance calculations have 

General 

A graphical procedure based on the theory of propagation of Lamb waves was 
devised which will enable the experimenter to more correctly identify which 
Jf the many possible vibrational modes are actually present during the 
ultrasonic inspection of a thin plate. 

Closed form general solutions were obtained for a set of three ordinary 
nonlicear differential equatims. 
3f resctor shielding studies. 

These equations arose during the course 

Assistance was given in the establishment of a,n empirical relationship among 
certain ?arame%ers in a buckling equation in connection with criticality 
studies 

4000 PrDgram 

Sweiling Studies 

Statistical analysis was completed of etch study data supplied by Physical 
~tallprgy Opera+,ion. Four pore size distributions . *. were obtained frm a 

I r, L 3 'J c, 5 
I. 
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rwlica of a sample of irradiated uranium following a twenty-minute ion 
bombardment etch. 
frapthe sample following an additional seventy-minute etch. 
care-y marked RO that distributions were obtained from paired twenty- to 
ninety-minute etch locations. plese eight pore size distributions were 
processed to determine the effect of the additional etch on void density and 
void fraction estimates. 
procedures for detailed analysis of the micrograph pore size distributions. 
Currently, a method is being programmed for the estimation of the functional 
form of a theoretical pore size distribution in the matrix from moment informa- 
tion assuming that the theoretical distribution is of the log-normal type. 

Later, a second set of four distributions were obtained 
The sample was 

Further work was done on programming of statistical 

Aluminum corrosion 

A second order, second degree differential equation, relating penetration rate 
to time for a particular postulated mechanism of aluminum corrosion, was 
integrated. 
recent autoclave corrosion experiment with 360OC deionized water. 

Ihe parameters in the function were estimated using data from a 

Test Reactor Operati ons 

A meeting was held with the manager of PRTR to discuss the %O inventory 
problem. 
data so that it will be possible in the Puture to estimate the bias in record- 
ing instments due to the buildup of water vapor in pressure tubes. 
hut inventories records were obtained, and these data are currently being 
analyzed. 

Several suggestions were made concerning the recording of inventory 

Additional 

The problem of optimal search patterns was expanded-to include possible 
arrangements of detection devices ccanpatible with selected search procedures. 
Same results were obtained with work continuing on this problem. 

A Monte Carlo evaluation was started of several estimation methds for 

quantitative resolution of a mixture of pure death processes. me program, 
presently being debugged, ccmxputes randm counting data which simulates the 
decay of a multicamponent death process and then feedsthese data into several 
resolution techniques which estimate the time zero size of each cmponent of 
the pure death process. 

A new search technique using the I'ELGY progrem was tried on equal ignorance 
type data. 
The search procedure will be reprogrannned making use of this prior informa- 
tion. 

Wind rose data are being fitted to circular normal distributions. 

Atmospheric Diffusion Studies 

Work continued on tentative diffusion curves, using NEUY and the APE data. 

i- .. 
. . _I .. 
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Biology and Medicine 

Work continued on testing mathematical models for the control groups of 
the Mice Inhalation Study. 
parameters of a trial model. 

A program is currently being written to determi= ... 

Statistical analysis of data from an experiment involving rats subjected 
to a partial hepatectomy has been completed and a report is in preparation. 

Radiation Protection Operation 

Curves were fitted to calibration data using a digital computer program. 
copy of the program was provided for use with future data. 

A 

Results of the study to determine the correlation between badge and pencil 
readings were reviewed with the custoaner. 
definitive studies are planned. 

As a result, further, more 

A discussion was held with Programming and Radiation Protection personnel 
concerning the recent CPD request for further hazards analysis study of the 
shipment of large quantities of radioactive material. 
the expected consequences of accidental release during shipment of these 
radiosctive materials and the probability of such release as a function of 
certain controllable variables were considered. A pilot study approach to 
these problems was decided upon and certain calculations are now being 
performed. 

Methods of estimating 

CA bennett:dgl 

Acting for 
Manager 
Operations Research and Synthesis 
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Fuel Geametry and MEUWGER Codes 

One phase of a study has been ccenpleted dth the Hanford compher codes, DIm 
and MEI;EAGER, for U-235 in U%, which will assist in studyfng the effects of 
fuei element geometry on f'uel cycle costs. 

MELEAGER, a bum-up code, does not directly recognize Are1 element geometry but 
certain parameters do reflect geometrical effects. 
and SCA reflect lattice spacing and f'uel element diameter, respectiwly. These 
MEI;EAIzER terms were calibrated for geometrical SDPV's and SCA's with the IDICE 
code, 

3 to solve tbe Boltmaan equation) recognizes f+uel element geometry directly and 
has been calibrated agalnst crfticaiify experhents e 

2he input parameters SDPY 

The ZDIcrP code (based on transport theory which uses the € approxination 

The calibrating method being used is based on the prfmary importance of varying 
SDX and SCA in determining the resonance escape probability (p) and the ratio 
of neutrons released in the fuel per neutron absorbed in the fuel (/rl ). These 
are key parts in the four-factor formula for reactivity, K = TE pf. Comparison 
of the 
code. 

bp reqonse surfaces can be used to esn-pze MELEAGER with the ID132 

Ihe foJlowing table shows the necessary value of SDPV in MELEAGER to achieve 
the same value of 'qp as that acUemd the reference code, IEICT9 for a. 
given value af' gemetrYcaJ. BFV inserted hto ZDX?!. and D23 
moderators axe considered for the case of 3 percent ;T-235 in 5% at 95 percent 
of thearerieal desoity e 

Graphilte, 

TAEiE I 
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NECESSAK b!EI;EAsER CXE IPT SDFJ' s 3 ADTJE REA3Dp-TTSS 
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kmed Spectra Feactcr 

The zoned spectrum reactor concept was demnstrated with seven fuelhg schemes 
to g.ve reasczlable f-1 COG~E+ as sbwz %DL~ :I,, These seven %eUng 
scnemes2 tlie reactcr type, and the econde c2nar.e were ali choser. LO allow 
camparison of the rcsulzs w5tL those of the broader combined cycles study. 
parameters unique ta the zoned spectrum type of operatfan were seleczed to 
ascex%ain the m&mm pOSEibh meFt of this coccept a& include: 

The 

1. 

. 

2, 

NCJ peaty ?or the change In the-- u-c'zatioa faetor which normally 
occurs men the relat2v-e Bm3mt 09 a0derat.m is Ltered; tbs cnange 
LE mLnbai with the D$ moderati% assumed. 

No pensLtfes for the extrh 6tsrt-q and shatdown costs invoived In 
gett= cnto an equiE3rxzn qcle. 

3. NG loss operating ef;"c.:'..ency, which rs equLc.alexx to asslrming 
that fuel ahuff'Xng takes piace w:thoLt sm%ta down the reactor. 

-zed 

Crycies Asemed Cost Fuel Cost 
Ser2es Mc. of IT-233 ;mi2ls /kwh 1 

CcmkPned ' !%ZU 

LOOC 1 *45 

UOC 1.51 



Fueiing Scheme 
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MinimPzed 

mcles Assumed Cost Fuel Cost 
Series No. of U-233 jmills/kwh) 

Combined Total 

I3ssSl.e enrichments ranged from 3.0 to 3.5 percent and exposures ranged from 
23,000 to 57,000 W/T. 

The zoaed spectm reactor concept appears to bave potential merit in a variety 
of reactor fueling schemes. Further study wcriild be required to demonstrate its 
desirability in a given reactor with its specific limitations, 

Code Development 

The FRCEECS code was developed to economize on MEI;EAcER computation time by 
mciking data for the graded fie1 Lqxle from the data of a MEL;EAGER batch cycle 
run. 
sxh as fiels with low density, ttis has led to serious inaccuracies in the 
batch resulzs, 
results seprate2.y so that opthum results are Dbtalned, 

For the normal case9 this works verj we.= but in certain extreme cases 

An optim vas put in FREEUS to albw caleulatim of batch 

A merging routine to allow the addition of needed cases. to obtain mfnimfzed 
fuel costs was added to PRCYrEUS code. 
pclynomial coefflcienta was produced so that additional end po.3nts can FJe 
Froduced. 
an old and a new METBATER source tape to prciduce merged QTJZCK -.put and a merged 
polynomial tape which can be used to prcduce addftional QUXX apGt data, 
can dso merge a polynanial tape with a MEXAGEFt output tape or wlth a poly- 
r,o&al tape. 
arAaLysls and case summary. 

The ede was revPsed so that a tape of 

rhis necessitated a new merge logic. It is cow designed ta aerge 

It 

The code has been Pade self-auditing by the addition sf an error 

The P',r,E code miginally writ,ten as a subrouThe of QKLX ckde has keec rc- 
written as a separate code to pedt eqerimenze wltk varixs defYnitions of 
Piutmd-xu Value, as rhe method ased by the 3mford iaboratorLes is 6ilferer;t 
from those used by ot.hers, 

*he pbtter routine which is a part of the QUICK code has been revfsed to 
increase it's usef'ahess, 
varims parameters are FZstted against, exposure instead of ar3itrary t5ae 
perids. 

SpeciF,ca3ly its mxxracy has been improved and the 

The EXZm PLZER code has also had Lts accuracy increased and 



%he fcmazs and parmeter fdentificatzon iqroved for easier use. 
tape As nm prihted as desired for conzzse presentation of data in future fuel 
cyLe aoc-meatE aad fcr exceedingly cmtic?t ta?e storage. .The naxm8.l printout 
wff f?e kept for a more cmplete referenee recard but is mt sxta>Le for 
Crect reproduction in smys. 
3f the QZCK caie when eertsin errm ILdts of tae curve fits are exceeded. 
2% tape ccntaas irfcnnatixl whfck Leip the user to determine Lf the errar 
is eer',ou enaugh TC Inlralidste the redts. 

A summary 

An error twe is aLsc prhted at the zommmd 

mC he beer c-leted and debweri and &as perfo-med satisfactorily. 
code eaits MELEASER . A-3 Standard output tape&? priits out the results in table 
form9 and deletes redundant infom:iCrc aLsc stored on the &8 tape. 

%is 

Salt Cycle Reprocess5.q 

Work an the caurputer prograa designed to evalate SaLt Cyde reprocessing 
ecmudcs ha& progressed to the extent that tjhree of the faur material balance 
mbr%ines nave been tested and debugg3g is near3 coqieted cn these. Only 
a few. check caiculatfons remain to be done and no serious problems are foreseen. 
The follrth subroutine is well under way. 
tlley w%%U be tied imo the general econdes program. 

After these subroutines are cazTpleted 

A shipmeat of separazed and deccntemtnated rzt& exposure plutonium was received 
early h the mrith. !Fhis shipment, portfocs of wbizh ranged up to about 30 
percent yO-24C, eaqleted the procurement program ctr,ginaliy hitiated by HG2 
far the Phtonium Recycle Program. 

SIJECrIC FJEL EFJS 

3ezsity ma C;rcsE Sectia3 Evaluatian stdy 

Pbxtoniari eies obtained e*th the MEJZAGZF 2HA3 code appear to be conservative 
far reactors optimized for ?'-235 e-chment w%xk clcsely spaeed lattices that 
prPAuce hax? neutran qectra. PlirCa~*=n enricment of fuel elements produces 
an eyen harder neutron spectrum thm V-235 e&-chnrent. would becawe of the 
lagher Eeutroo cross section af the phtc&n. For hard spectra the Westcott 
cross secim model used in M3ii. LXGN ccde over-emphasizes the epithermsl 
fiat near the Pu-239 absor;>ticn resonance WE= kcreases alpha and thereby 
reduces eta. This was dellwsstzated w9th the MET:PA5.FR physics code us- an 
adjusted Westcott system Sy eanpar.2ng it vS,:h mher codes including ti. dti- 
gmxp coie nmed SPEX?!N- develmed ty Genorsl Dyr,&cs with tte result that 
the IEEAGEB code reactieties for g5-n er..cY5hmea%s are lower than reactfrlfies 
prorluced by orher cxles. 

l25G2G I 

http://MET:PA5.FR


?he icfluence on plu%cmi~zn vahe res-uL+s flxun t.Le bi.&er ~1utonrfum inventory 
reqaxed for aperatfig a gfve? reactor ad tne decrease in neutron productioa. 
This kcreased bventsry increases ';he Snt,erest charges an the ?del; tYJs, the 
costs of the pLutanfua enriched cycle &;z"e increased acczrdin&-Td 
price of the plutonhn nus% be lowered en the plutonium emicned cycle tc 
equsllze the costs with the uraz&um enr2",hed cycle. 

It has been demonstrated that reduced E.. spat:& concentration lowers the fuel 
cycle costs for piutaxL-m enriched reactars with hard neu%ron spectra. 
improved fuel cos2 at lower density may be (he:, in p&, to zhe conservatism of 
the present model. 

The Uawable 

This 

A new physfes &el designed d-th less conservatism for 
hard neutron spectra would 
higher than ';hose with the 
of U% for many cases. 

Cdbed Cycles 

Additimal higher exposure 
costs were run in MEI;EAGF;li 

result in ?nLn"hrm fdel costs oecurrfng &t densities 
present model but stjfU, below the r;heore+,Ycal density 

cases needed in arder to obzdn dnfmized t.o%al fhel. 
codes for the foUcw'fng series: 

Series 

2000 U-233 enriched Y-2 tails 

300c MedE=rm exposure PA in ID2 tails, 

Careful amLysls reveals tmt for scme systems, minimized total Aeel costs will 
not be %ttained at reasonable eqcswes. 
will need sdification so that Pael 2:csts we prbted for several technological 
exposure goals or Wtse 
*he mb3uized total. fie1 cost ELS that cquted for exposures less than 50,000 

Therefore, the Q9X econumies code 

Thus, :E a speclEe stady with 'J:$ me might dep-ne 

MWDP?" 



CmER A!2z3z!.cEs 

Hataras Anelysis 

PLndLzgs af the cfhemfcal Eff'luezts Ieclm~logy studies OE voiatillzation of 
radlozudidea frcx cerium-sodium sulphate indieate tnaz Sr-9C release is of 
qprsaaazea equal radLoLogka3 s1gLfJ-cance to Ce-2.4 miease. 

Eadisacti.-e Cenxn, " ~w-rn63~ was recued fox revfs~or,. 

The pre'l^mtnazy 
repslct Th9 Sonsequences of Accident& Reieases During =pent of 
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RADLA‘ZION PROTECTlON OPEMTION 
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. A. ORGANIZATION AND PER SO^ 

Joyce W. Clay transferred from Construction Eagineering and Utilities to 

Darlene P. Moore trans- 
the Environmental Studies and Evaluation Operation effective January 8. 
S- HofFman resigned from the Company on January 12c 
ferred from Chemical Research and Development to the Environmental Studies and 
Evaluation Operation effective January 22* 
due to persord filness on January 23. 

Rosa 

Lo-Ella M. Robb was deactivated 
, The work force now totals 133. 

B. AC-TIES 

Occupational Exposure Experience 

No new cases of plutonium deposition were confirmed by bioassay analyses 
during the month. 
occurred at Hanford remains at 283 of which 205 are currently employed. 

The total number of plutonium deposition cases that have 

A CPDmaintenance employee received a superficial puncture wound to his 
index finger while working in a hood at the 234-5 Buildi go 
injury at the Whole Body Counter indicated about 7 x lo-% pc of plutoniumo After 
removal of a smaU speck of foreign Illaterial by an Industrial Physician, no con- 
tamination was detected. 

Examination of the 

The hands of a CPD technician were grossly contaminated with plutonium while 
attempting to remove the cork from a plutonium sample bottle at the 234-5 Build- 
ing, The acidic nature of the plutonium nltrate solution made decontarmnation 
difficuit. 
and techr,iques, the contamination level was about 1000 d/m plutonium. Followup 
surveys the next day showed that no contaminat;on remained on the skin, Follow- 
up bioassay samples were scheduled to determine the extent if any of absorption 
through the skm. 

After four hours of decontarmnation effort with standard reagents 

A survey of an TPD maintenance empioyee revealed skin contaminati’on up to 
20,000 c/m and nasal contamination up to 2000 c/m after working in the vertical 
rod enclosure at lO5-F- Emmination in the Whole Body Counter four hcj-drs after 
the incident indicated a body burden of about 0.5 is NaZ4 (approximately 7 per- 
cent, of the maximum permissible body burden for Naz4) 
in the ‘Whale Eody 4aunter five days after the incident indicated the body burden 
had decreased to less than one percent of the psmssibie limit. 

. A followup examination 

A pressure bula-up in a storase vessel in tne tank farm of the 321 Building 
forced about 600 gallons of mnyl nitrate solution through openings in the top 
of the tank, Uranium contamination was detected on piping, wall and the roof of 
the 321 Building and on several hundred square feet of ground nearby, 
tamination was de+,ected on the cl0t.h~ of two firemen and the fire truck wbch 
responded to the incident. 

Minor con- 

Yo s;&ificant personnel exposures resulted, 
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Autoradiographic evaluation of contaminated protective clothing showed that 
four employees could have received excessive rsdiation exposure to small skin 
areas. Dose estlmates for the one IPD employee and three CPD employees involved 
ranged from 110 rads to the wrist of one employee to 4 rads to a smsll skin area 
on the nndsection of another employee. 

ation beams up to 50 r/hour aad general radiation levels up to 0.1 r/hour during 
process tube inspection; momentary exposure rates up to 0.8 r/hour in the reactor 
hall dining discharge of fuel elements; hand exposure rates up to 3.5 rads/hour 
and whole body dose rates up to 275 mr/hour during maintenance on the primary 
system check valves; dose rates up to 35 r/hour were measured through the ser- 
vice building basement wall during fuel element inspection in the storage basin. 
The maximum exposure to tritium as measured by Bioassay was 12.8 pc T/liter 
which corresponds to a crude dose of about 80 mrem in the follonng 28 days. 

"ypical radiation conditions encountered at the PRTR included: gamma radi- 

ig has The discharge of irradiated fuel from the PRTR into the storage bas 
cared the confanxination level of the water to build up to about 7 x 10' pc 
Sr g/cc. 
that the increase in storage basin activity is proportional to the discharge 
of fuel into the storage basin. The storage basin activity increases to a maxi- 
mum following a discharge operation and decreases during the period when no fuel 
is discharged. 

Sr90, I1s, and -95 were found 'in trace quantities. It appears 

Three major pieces of equipment used in processing of personnel dosimeters 
failed durhg the New Year's holiday week end. 
failed two weeks later is suspected of also being involved. 
X-ray tube in the automatic badge processing machlne, a sola transformer 
supplying the manual densitometers, the six volt power supply on the automatic 
densitometer, and a resistor in the electric relay on the automatic film process- 
ing equipment temperature control. An investigation is underway to determine the 
possible malfunction of the electrical distribution system outside the building. 

A fourth piece of equipment that 
These included the 

Environmental Expe ri ence 

Average fallout concentration at various locallties in the Pacific Northwest 
ranged from 2'7 to 9.0 wc/m3 during January. 
last month but the average is higher than last month. 

This xange is slightly less than 

Measurements of P32 in whitefish caught between Ringold and Richland in 
January indicated that the 1961 seasonal madmum occurred in latf November or 
early December 1961 and amounted to about 1.3 x 10-3 pc P32/g. 
tion was less than half of the 1960 seasonal maximum. 
heads received this month from various locations in Washington, Idaho, Oregon 
and Cab-fornia, the total this season is 3443. 
phase of this special water fowl study. 
samples radioassayed to date from Southeastern Washington hunters was 2.6 x 10-3 
PC P32/g. 
local meat and beef thyroids. Analytical results are to be reported separately. 

This concentra- 
Including duck and goose 

This completes the acquisition 
The maximum concentration in 1550 

Other pertinent biological samples received this month include oysters, 

Columbia River water radionuclides of HAP0 origin averaged concentrations 
equivalent to The 12-month calculated dose trend 
continues downward primarily due to effects of continued special reactor influent 
water treatment. 

2 percent of the MFCw-GI. 
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At the Hot Sed-Works special filter sample's of the off-gas line from A 
cell process vessels were taken. 
activity venting to the stack from thfs source, 
higher than presumed nom1 for current work activities, based on previous ex- 

being in the order of nanocuries per day. 

Results indicated negligible particulate 
Still unexplained are emissions 

' perience, Current emissions of SrgO while abnormal are not of great coxerr- 

Studies and Improvements 

An aerial reconna.issance of the local environs was made to determine the 
- 

. 
minimuti acceptable routine aerial. monitorfng effort. The flight, passing over 
several large bodies of water, also provided information on the datum level of 
the aircraft and instrumentation, 

A third dye test to determine dispersion from PRTR aqueous effluents a the 

Initial review of the data indi- 
Columbia River was completed, 
sented adverse effluent dispersal condftions. 
cates that the local operating limits for orderly shutdown will probably be 
reduced by a factor of approxfmtely ten. 

The river flow during the test was low and repre- 

The'CPD Hazards Analysis work continued. A re-evaluation of the waste stor- 
age tank incident was made based upon the assumption that, the supernatant layer 
is removed, Rapid removal 
generates extremely high (i*,eo, > 10,OOWF) temperature in the sludge, 
temperature would result in the release of very large quantities of long-lived 
radionuclides. 
only io the event of some mjor outside infJuence such as an earthquake or an 
act of ward 

The time required to remove this layer is critical. 
Such 

However, it appears that the prompt loss assmption is valid 

A hazards analysis of a Ce14 shipment was completed and a comment draft 
issued, 
deferred 

Since these shipments were postponed, further work on this problem was 

Stack monitoring equipment at Redox was repiped to provide separate collec- 
Agreement of 1131 results from the tion of strip filter and 1131 monitor data. 

I131 monitor and the static scrubber is averaging within 20 percent. 

The routine autoradiograpmng of particles on filters from iir smples was 
discontin7wd. 
sary to the enviroamental monitoring program. 

Studies indicated that thi.s activity was no longer deemetl neces- 

Columbia River water samples fmm Portland will hereafter be collected by, 
and forwarded to WO by, the U. So Public Sealth Sexvice This will eiirninate 
the need for bi-weekly trips to secure these sampleso 

!Fhree extrapolation chambers were fabrzzated for use in measuriE3 mrface 
dose ra5es and dse at various tissue depths for plutonium metal. 
provide facilities for making these extrapoiation chamber measurements was de- 
signe-:! wad fabrication ordered from the Techmcal Shops. 
data to compare with caiculated plutonium surface dose rates and to provide an 
inpoved basis for calibration of the personnel film dosimeter and the finger 
ring dosimeter for plutoam metal exposures, 

A dry box to 

This study will yield 
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Constniction prints for the new personnel film dosimeter were completed and 
fabncatios of the dosimeter processing machne was begun in the Technical Shops. 
The alarm system, used to indicate that the X-ray tube on tbis machine is func- 
tiomng properly, was aitered to provide a clear signal to the operator when no 
cum-ent or very little current is appiied to the tube head. 

. The H-fluorescent X-ray source was recaiibrated with the free air ion 
chamber A routine recaiibration of this calibration source was established. 

Several neutron irradiations of prototype solid state dosimeters were planned 
but oniy panialiy completed due to the operating difficulties with the positive 
ion accelerator and United time available. 
damage was observed when the forward resistance of the irradiated diodes vas 
measured promptly following irradiation. 
the first 30 minutes after irradiatzon. 

Some apparent annealing of neutron 

Annealing appears to take place within 

The forward resistance of a 0.075 inch diode was measured on several succes- 
sive days. The resistance values measured were within 0.2 percent of each other 
while the room temperature varies by about lW. 
indicate that an accurately controlled temperature environment may not be neces- 
sary for routine dose evaluation with these bodes. A brief survey was initiated 
to define other properties that might be usem for measurement of neutron dose. 

These preliminary measurements 

A contract for 65 Scintrans at $617 each and 30 EF3's at $294.45 each was 
awared on December 25, 1962. 
2 and inspected the prototypes of these models. 

The vendor visited at the Hanford plant on Jaw 

2%~ folloving visitors met with various members of the Radia'-;ion Protection 
Operzti.on staff during the month: 

E- 
H G. Herzzng! 

Eunford(- U. S. Forestry Service, Wenatchee, Washington 

C Henderson) 
M- m€riw!- U. S. Public Health Semse, Portland and Cincinnati 
Eo Hoffman j 

H. M, Griffin - General Nuclear Corporation, Anaheim, California 

-Do Wagstaff - Oregon Board of Health, Salem, Oregon 

E. Weeks - Nuclear industries, Seattle, Washington 

Members of the Radiation Protection Operation visiting off-site Lning Le 
month included : 

J. KO Soldat - AEC, Germantown, Maryland, to attend meeting on fallout. 
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R. D. Tillson - University of Washington and Seattle University, Seattle, 
Washington, technical recruitfng, 

A. R. Keene - Olympia, Washington, to attend conference on water pollution 
control. 

- Washington, D.C., to atter_d NCRP Subcommittee 7 meeting. 

Ten suggestions were submitted by the personnel of the Radiation Protection 

Fifteen suggestions submitted by RPO personnel 
Operation and one was re-opened during the month of January. 
adopted snd four were rejected. 
are pending evaluation. 

One suggestion was 

Radiation protection orientation included lectures to: new employees; mem- 
bers of the Analytical. Laboratories Operation and Coolant Systems Development; 
and firemen. 

K. Re Heid presented a talk to the Richland Exchange Club on fallout and 
civil defense 

Safety meetings were held throughout the various components during the month. 
"Signal 3O", a film of highway fatalities, 'was also shown. 

E. SIGIXDXCANT REPORTS 

HW-69368 - "A Compilation of Basic Data Relating to the Columbia River - Sections 
6. and ?'I, by J. K. Soldat. 

HW-717lO - "Hanford Criticality Dosimeter", by P. E., Bramson. 

Hw-72337 -e "Consequences of a Radiological Accident en Fuels Preparation Depart- 
ment", by C. E. Backman. 

aW-72338 - 

Hw-72543 - 

"Summary of Radiological Data for the Month of December, 1g611i, by 
R. Fn Foster. 

'%Monthly Report - Zanuary 1962, Radiation Monitoring Operation", by 
A> J Stevens" 

"Review of Current Air Sample Collection and Evaluation Procedures", 
by J M Selby, 

UNCLASSIFIED 
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PERSONllEL DOSIMETRY AND RADIOLOSICAL RECORDS 

January 1962 to Date External Exposure Above Permissible Limits 

Whole Body Penetratug 
Whoie Body Slun 
Extree ty 

0 0 
0 0 
0 0 

HanTord Pocket. Dosimeters 

2,464 2,464 
9 3 
1 1 
0 0 

Dosimeters Processed 
Paired Results - 100-280 mr 
Paired Results - Over 280 mr 
Lost Results 

Hanford Beta-Gannna Film Esdge Dosimeters 

9,721 
866 

9, 721 
866 

Film Processed 
Resuits - loo-300 mmds 
Results - 300-500 mrads 
Resul%s - Over 500 mads 
Lost Results 
Aversge Dose Fer Film Bcket - mrad (ow) 

- mr (s) 

94 
36 

9.83 
20 

15 067 

94 
36 

9.83 
15 67 

20 

Henford Neutron Film Badge Dosimeters 

S1 ow .Neutron 

Film Processed 
Fesdts - 50-100 mrem 
Easults - 100-300 mrem 
Resxlts - Over 300 mrem 
Lost Results 

2,ll.z 
0 
0 

0 
10 

2,112 
0 
0 
0 
10 

Fao t Neutron 

Film Processed 
F.esults - 50-100 mrem 
Results - lOO-3OO mrem 
Results - Over 300 mrem 
Lost Results 

521 
97 
114 
1 
10 

521 
97 
114 
1 
10 

HaEd Checks 

38,637 
55 , 862 

Checks Taken - Alpha 
- Beta-G~mma 

Skin Con-%nination 

3 
72 

3 
72 

Phtonium 
El ssion Products 
??ranium 
Tritium 

3 3 
0 0 
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January 1962 to Date Whole Body Counter Female 

GE Employees 
Routine 
Special 
Rechecks 
Terminal 
Non-routine 

Non-employees 
Pre -employment 

25 
4 
3 

14 
26 
0 

25 
4 

25 
4 

3’ 
16 

3 
16 

3 
0 

31 
0 

0 

72 
- 0 

7 
0 

79 
- 0 - 

79 

Bioassay 

CoGfPrmed Plutonium Deposition Cases 
Plutonium - Samples Assayed 
Fission Products - Samples Assayed 

- Results Abuve 2.2 x pc Pu/Sample 

FP/Sample 
- Results Above 3.1 x 10-5 w 

Uranium - Samples Assayed 
Eiiological - Samples Assayed 

0 gn 

469 469 
20 20 

573 573 

4 4 

22 22 
169 169 

Uranium Analyses 
FoUowing Exposure 
Units of 10-9 pc U/cc 

Number 
Sample Description -mum Average Samples 

Fuels Preparation 13*2 3.4 39 
Fuels Preparation* 0 0 0 

Hanford Laboratories 5.9 3.1 24 
Hanford Laboratories* 0 0 0 
Ched cal Processing 9106 7.7 29 
Chemical Processinp 0 0 0 

Special Incidents 30 2 30 2 1 
Random 2”3 loa 2 

Following Period 
of No Exposure 

mts of 10-9 pc u/~~ 
Number 

Maximum Average Samples 

2.6 35 
0 0 
3.4 14 
0 0 

3.8 25 
0 0 
0 0 
0 0 

13.1 
0 

10.2 
0 
8.8 
0 
0 
0 

Count . Tritium Samples 

Uri ce Samples 

Wximum Minimum January Total 

Routine 4.9 pc/l c 1.0 pc/l 

Samples Above 5.0 pc/l 12-8 pc/l 5>0 pc/l 

Samples 

228 
86 

314 
z2 0 

Mode rat or 
primary 
Ref lector 

18 

Water Samples 0.59 ClCb 134 

-C The total nimber of plutonium deposition cases which have occurred at Hanford 

*Samples taken prior to and after a specific job during work week. 
is now 283, of which 205 are currently employed. 
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Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total I?mber of Calibrations 

G-8 HW-72 590 - 

Number of Units Calibrated 
JE4JlUaI-Y 1962 to Date 

1,03 
262 
5 54 
190 

19 03 
262 

554 
190 
97 

2,134r 

4,780 

G% 

322 
9,438 

32 2 
9,433 

- RADIAaON PROTECTION 

AR Keene:Ijw 

UNCLASSIFIED 
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There were no security violations charged to the Operation. 

There were no major injuries; the minor injury frequency rate was 3.54 
for the month and 3.54 for the year-to-date. 

TECHNICAL SHOPS OPWATION 

Total productive time for the period was 18,938 hours. This includes 13,759 
hours performed in the Technical Shops, 3,824 hours assigned to Minor Construc- 
tion, 142 hours to Other Project Shops, and 1,2l3 hours assigned to off-site 
vendors. Total shop backlog is 20,930 hours, of which 60 per cent is required 
in the current month with the remainder distributed over a three-month period. 
Overtime hours worked during the month was 2.8 per cent (496 hours) of the 
total available hours. 

r 

.- 

Distribution of time was as follows: 

Fuels Preparation Department 
Irradiation Processing Department 
Chemical Processing Department 
Hanford Laboratories Operation 
Construction Engineering & Utilities 

Msn-hours $ of Total 

3,585 18 9346 
2,288 12.w 

409 2.16$ 
32,656 66 -8346 
Zero Zero 

Requests for emergency service decreased requiring a 2.8 per cent overtime 
ratio compared to a 3.8 per cent ratio for the previous period. 

At the close of the reporting period, there were no open personnel requisitions. 

Security performance was considered satisfactory with no violations. 
were eight medical treatment injuries which is within the forecasted parameters 
established for this operation. 

There 

b 

CONSIlRUCTION OPERATION 

There were 94 existing J. A. Jones Company orders at the beginning of the 
month with a total unexpended balance of $135,670. 
five supplements and adjustments for underruns amounted to $9,850. 
during the month on HLO work were $87,504. 
end was $133,017. 

Ninety six new orders, 
Expenditures 

Total J. A. Jones backlog at month's 

UNCLAssIFm 
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summary 

HL 
Unexpended 

No. Balance - 
Orders outstanding begie of month 93 $ 133,199 
Issued during the month (Inc.Sup.& AdJ.) 96 84,851 
J. A. Jones Expenditures during month 

(bc. coo. costs) $71 504 
Balance at month's end 64 1309% 
Orders closed during month 125 95,868* 

CE&U 
Unexpended 

- No. Balance 

1 $ 2,471 - -- 

Maintenance Work Orders active - 4 Face Value - $8,700. 

* Face Value of Orders Closed 

Project CAH-902 - 303-L Building - Uranium Scrap Burner Facility - Final 
punch list items have been established and the necessary design change and 
supplement to J. A. Jones has been approved by the AEC. These six items 
should be complete by 2-14-62. 

Project CSH-924 - 306 Building - 200-KW Induction Heating Stations - All 
materials are here for the added station and the electricians will start work ~- - 

on it about 2-12-62. This station will complete the work on this project. 

Project CGH-937 - 231-2 Building - Safety Improvements - All duct work will 
be complete 2-9-62. Start-up of the second exhaust fan is scheduled for 
2-8-62. This project should be complete by 2-15-62. 

loo Areas 

141-C - Build Entrance Enclosure - All material is on hand and work 
started 2-6-62. 

141-H - Build Concrete Block Wall Enclosure - The old fence has been 
removed and concrete block walls are installed. 
complete. 

. The new ceiling is 
The new light fixtures are due to arrive next week. 

141-C - Mld Concrete Pads and Install Feeding Stations - Electric 
fexice modifications are complete. Concrete pads were poured 2-2-62. - 
Fence pnels are being installed. 

1706-KE - Install Water Supply to Fish Tanks - Job is complete. 

200 Areas 

Remove Equipment from 234-5 Building and Install in 231-2 - Painting 
will be complete this week and this job will be closed out. 

&stall Arc Melt Hood and Furnace - Job is complete. 
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300 Area 

Install Special Alloy Storage Facility and Racks - 306 Building - We are 
waiting delivery of the metal doors. All other work is complete. 

Install Continuous Sampler Facility - 307 Build- - The lump sum sub- 
contractor to J. A. Jones has completed the concrete block work. Roofing 
and electrical work has started. 

Motufy Blue Change Room - 309 Building - All work is complete except some 
touch-up peinting. 

Install Office Partitions in Rooms # 1,101,103,10~,lll & 112 - 309 Building 
Job is complete. 

Install Shielding Wall - 309 Building - This work is be- lump sum sub- 
contracted. 

Move Dynapck from 306 Building and Install in Basement of 325 Building 
The 4" concrete block wall is complete and accepted from the lump sum 
sub-contractor. 
and metal doors. 

We are waiting delivery of tempered glass for windows 

Install Office and Foyer Partitions - 325 Building - The office partitions 
is complete. The janitor closet is 5@ relocated. Pipefitters are relocating 
the Sink. 

FACILITIES EXGINEERIIQG OPERATION 

Project Activlty 

At month's end Facilities Engineering Operation was responsible for 11 projects 
having total authorized funds in the amount of $2,698,600. The to&l estimated 
cost of these projects is expected to be $7,512,000. 
projects through December 31, 1961 were $707,000. 

3 Expenditures on these 

The following summarizes the status of FEO project activity: 

Number of authorized projects at month's end 11 

Number of new projects authorized in January 
CGH-951 - A-C Column Facility - 321 Building 

1 

Projects completed in January 1 
CAH-~~ - Geological & Hydrological Weus FY 1961 

New project proposals submitted to AEC in January 0 
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New projects awaiting AEC approval 2 

CAH-917 - Field Service Center 
CAH-932 - 300 Area Retention Waste Expansion System 

boject proposals ccxuplete or nearing completion are as follows: 
Modifications to the H-1 Loop - 105-H Building 
Graphite Shop Addition - 300 Area 
Second Floor Modifications - 308 Building 

Engineering Services 

Title 

Pressure Vessel and Piping Systems - 
Engineering & Inspection Service 

- 

"Split-Half" hchine for Critical 
Mass Studies 

Room Air Conditioner - Room 27-A 
326 Building 

Salt Bath Furnace Alarms - 306 Bldg. 

Ceramic Fuels Spsce - 325 Bldg. Easement 

Electrical Load Study - 100-F Area 

Audit Condition of Mechanical 
Equipent - 108-F Building 

Noise Attenuation - 3705 Building 

Retention Waste System Modifications 

i 2582 I5 

Status 

Vessels in 308, 231-2, 222-U and 
2924 were inspected during the 
month. Also work continued on the 
Rupture Loop in 309 Building tawsrds 
code compliance. The non-f sothermal 
loop was successfully given a hydro- 
static test. 

Fabrication is continuing and 
material is being ordered. 

Work completed. 

Field work has progressed so that 
the large furnace could be success- 
Arlly operated. 

An electrical power distribution 
plan was developed for future 
equipment installation. 

Work was started to review electrical 

report with recommended changes and 
procedures for future work will be 
prepared. 

Byst- in Biology Buildas 0 A 

No work was performed this month. 

A study and recommended action is 
being prepared. 

A proportional sampler is being 
installed. Plans have been 
developed to route effluent to 
process ponds northwest of basins. 
Automatic valving is being studied 
for installation at basins. 
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Status 

Plans are being developed and 
estimates obtained for additional 
laboratory space in 321 Building. 

Title 

Laboratcay Addition - 321 Building 

- 

Drafting and Design Services 

The work load in the 3706 Building drafting room and in 327, 3C6, 308 and 
1707-D Buildings is steady with a minor amount of overtime required. 

The equivalent of 140 design drawings were completed this month as compsred 
to U6 last month. 

hjor design and drafting work in progress during the month includes the 
foUoWing: 

1. Shim Rod Drive Mechanism - PRTR - 7 scope drawings completed. 

2. Hood for Furnace - 5 drawings requhed - 80$ complete. 

3. 

4. 

W-23 Test Loop - 10 drawings required - 75s complete. 

Transistorized Scintillation Monitor - 6 drawings - work complete. 

5. 

6. 

Relocation of 280 Ton Pressure - 12 drawings required - 75s complete. 

Welding Equipnt for 8 foot Element - 12 drawings required - 86 complete. 

In addition to the abuve, several design jobs of one to two sheet magnitude 
were completed during the month. 

Plant hintenance Operation 

Total costs for December were $179,704. 
are 100.3$ of forecast. 

Fiscal year to date expenditures 

Analysis of costs 

At the midpoint of the year, the expenditures exceeded the forecast by 
$10,000, or 0.35. bintenance cost continues below the anticipated level, 
utilities charges are clost to predicitions, but the costs of janitor and 
operators exceed the forecast by 55 and 16, respectively. 

Analysis of Improvement Maintenance 

Item December - 
Relocation and Alteration $ 8,092 
Repainting 1,602 
Heat & Vent Modifications 6,745 
Electrical Modifications 174 
Piping Modifications 

7 p, :. ' ILLLt3 
28 

Wmi 
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Significant Activities 

1. 
2. 
3. 

4. 

5. 

6. 
7. 

a. 

10. 

11. 

Painting continued inside 231-2 Building. 
The floor of the basement corridor in 326 Building was tiled. 
An order was issued to install refrigerated air conditioning in the 
ceramic laborstories in the basement of 325 Building. 
The contractor is preparing the site for the E-1 relocation. 
entire job is about I5$ complete. 
An order was issued to modify office 109, and erect a sound barrier 
in the corridor leading to the outer conference room, in 325 Building. 
An order was issued to partition the control room in 309 Building. 
An order was issued to provide an additional sump pump in the basement 
of 325 Building to reduce the likelihood of floods. 
An order was issued to replace a corroded stainless steel filter box 
with one of PVC under hood #5, Room 309, in 325 Building. 
Work is progressing with the installation of insulated trolley conductors 
on the monorail in Room 16~, 326 Building. 
Two of the air conditioning units in 326 Building have been sandblasted 
and repainted. 
Additional lighting was provided in Rooms 2, 2A and 10 in 3702 Building. 

The 

Waste Disposal and Decontamination Servlce 

Quantities of Waste Removed 
December Momber 

Concrete Barrels 
Loadluggers-Hot Waste 
YdUc Fails 
Cattling Gun 
Crib Waste 

12 23 
4 4 

22 41 
3 1 

260,000 gal. 400,000 .gal. 

The amount of crib waste remained at about the average level for CY 1961. 

The nev 39G North Area disposal garden has been completed, and will be put 
into service by mid Febmary. 

The design of the new equipment for the decontamination facility in 325 Building 
is almost complete. 

The amlysis of retention bas 
a concentration of 6.03 x 10-p/uc/ml. of total beta activit 
six times the allowable limit. 
released and subsequent analysis confirmed the total strontium at less than 
l.k7 x 10-7 /uc/mL 

The waste disposal and decontamination facility went on a work order basis 
this month, to provlde better cost control. 
was assised to work about 86 of his time in this operation. 
manpower will broaden the group's capacity to handle special work. 

#1 sample taken at E:30 pm, 1-36-62, showed 

A resample showed 1.58 x 10- b 
This was 
The basin Was 

At the same time, T. W. Thomas 
This additional 
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Plant Engineer- and Miscellaneous 

Approximetely 24,000 square feet of prints were reproduced during the month. 

The total estimated value of the sixteen requisitions issued during the 
month was $35,000. 

Plans are being prepared to improve heating and cooling system in 3707-C 

This procurement is primarily for approved HI, projects. 

Building. 

Metal doors 
gates 

Engineering 

are being installed in 325 

work is nearly complete on 

Building laboratories presently having 

Budget Studies. 

A temperature-humidity recorder for recording conditions at 4 of 8 stations 
simultaneously is being designed for installation in 144-F Building; 

Central criticality annuciation - The 16 pair telephone cable between 3506-A 
and 3706 is installed as is the telephone cabinet in 3706. 
will tie-in all buildings to be annuciated when conduit runs to boxes have 
been completed. Work in the 306 Building is complete, underway in 308 and 
309, and will be in 325 snd 326 after February 1. The annuciator has been 
shipped from the factory. 

Plant telephone 

Fire alarm and civil defense standardization - Thirteen of 17 HLO buildings 
have been completed to date on this program. One electrician is working full 
time to completion. 

A design of lighting and heating was completed for two proposed rest rooms 
and an office in the 3718 Equipnent Stomge Zhcility. 
diagrams and equipent layout was completed for the proposed 340 storage basin 
motorized valves. 
valves and automatically close the effluent valves. 
controls, stepping switch, and auxiliary relays are proposed. Drafting is 
preparing a drawing at the present. 

Elementary control 

The installation is to automatically control the influent 
Floatless liquid level 

JL Boyd:ml 

UNCLASSIFIED 
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MANPOWER 

?lXtO PRICE 

COST PLUS FIXLO CIS 

PLANT COIICLS 

hnCMlTCCT- CNOINE(LI 

DCSION LNCINL C RIM O 0 PIR ATION 

CICLD LNCINELRING 

acopc. PURCOSL. STATUS L pneamcas 

*A project proposal revision has been sumtted which requests an increase of author2 
funds of $5O,OOO and extension of the project completion date to 6-30-62. 
schedule will be issued when the project revision is approved. 

A revised 

1 I ?? 

CWl 6c I 00 I I 
rP 40 1 100 1 1( 

c 

Construction forces have completed installetion of the in-reactor test section 
prototype in "B" cell. 

Sristol-Siddeley reports a successftrl run of one blwer at design point speed and 
density but at ambient temperature3 high temperature runs are scheduled for 
February 

COST PLUS ClXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

OCSlON LNCINEERINC OPERATION 

.E ?lELD ENGINEERIN0 

The revised project proposal requesting additional funds and an extension of the 
scheduled completion date has been approved by the AEC. 
been prepared which reflects the changes in percent complete. 

A tentative schedule has 

CpE"F percentages includes Government Mshed equipment. Authorizatton to sped 
the f'unds required for the additional work were received by the CPFP field forces 
the week of January 7. 
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:#T PLUS nXCD CCL 

CLbNT CORCCS 

LRCWITCCT- PNOINLCR 

DCSION CNOlN CP RIN 0 0 PER AT ION 

ea ~LLD CN.INCLRINO 

ICOCR. PURPO.L. STATUS L PROOIILSS 

This project will provide facilities for determining physical and mechanical properties 
of irradiated materials, and involves the installation of a cell inthe 327 Building. 

The resistivity furnace envisioned for the project has been cancelled hecause of 
development problems encountered. 
equipnent in so far a8 practicable. 

New bids have been received for the cell assembly with a quoted delivery of 17 weeks 
after receipt of order. 

These measurements will be taken with existing 

The apparent low bidder was $6,OOO belaw estimate. 

CROJ. NO. 

CIXCD PRlCe 

COIT PLUS CIXCD CLE 

PLANT FORCES 

ARCWITCCT - CNOINEPR 

OLSIQN ENGINECRINO OPERATION 

.E PILL0 LNOINCCRINO 

SCOCg. PURPOSL. STATUS b CROORLSS 

.This project will provide facilities to prepare specimens from irradiated materials 
for use in determining their physical and mechanical properties and involves the 
installation of a cell in 327 Building. 

Cell assembly delivery on site still appears possible by February 5th. 

Difficulty was encountered because of north cell door being 1" shorter than intended. 
Modification should not delay delivery beyond the above date. 

Installation of electrical conduit and pip- is continuing. 
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CIXCD Clll 

CLANTCORCU 

ARCMITCCT- CNOINCSR 

DCSION CNOINCCRINO OCCR A TI ON 

8C PiCLD CNOINLCRINO 

I I I I I I 

SCOPE. CURCOOL. STATUS b CROQRUI 

This project will allow greater capacity for analytical work Involving today's more 
highly radiorrctive solutions and consists of add- a shielded laboratory to the 

Half of the siding was erected and the subcontractor quit because of the cold 
weather 

325 w-0 

The sheet metal subcontractor has nearly completed his fabrication. 
subcontractor will be called back to finish the prrinting. 

The painting 

S&E Contractors, Bc. had a representative in I&F Machine Company's shop checking 
on production and dellvery status of cell materials that are holding up job progress. 
Shipping btes have been moved back from December 15, 1961 to February 19th for cell 
castings and Mrch 2nd for concrete wall embedded items. 

The electrical subcontractor bas resumed work In the basement. 
- 

Wf lclal praject construction schedule. 

Tontractor's construction schedule does not reflect actual conditions. 



GENERAL ELECTRIC CO. - 

-m&Ao-MEEo - 
FIXLO PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN LNGINECRING 0 PLR ATION 

OE FIELD LNGlNEfRlNG 

SCOPE. PURCOSC, STATUS b PROGRESS 

(1) G. A. Grant Company 
(2) Lewis Hopkins Construction Company 

This facility is to be used for fuel rupture behavior studies with respect to physical 
distortion and rate of fission product release. 

Project is behind official schedule because the FP contractors' schedule is not 
consistent with the official schedule and because of delays in delivery of material 
being procured by J. A. Jones Construction Company. 

1 FUNDINO PROJ. NO. I TITLE 

FIXED PRICE 

COST PLUS Fix(iD FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN EN GIN EERlN G OPERA TION 

GE FIELD ENGINLERINO 

1pqy-p-p 
CPFf 

1 59 I 91 I 6c ll FP 
I I I 1 

SCOPE. PURPOSE. STATUS b PROGRESS 

This projoct provides additional space for biological research supporting services, 
and involves an addition to the 108-F Building. 

Roof over main building has been completed. 

New transformers were installed on January 13, 1962. 
ventilating equipment have been received. 
iostalled on pads. 
gypsom board is being installed on first floor. Conduit is complete on first floor and 
well advanced on second floor. Duct work on first and second floor has been installed. 
Most of the plumbing is complete. 
of the EazdlinR Facility to March 15, 1962. 

Most major pieces of heating and 
Number 1 and 2 washer sections were 

All partition and drop ceiling framework has been completed and 

Allied Engineering has changed their shipping date 

)M -7300-042( 2-61) iecci I~CWLIWD Y.IH 
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PROJ. NO. TITLE . FUNDING 

CAE-917 Fiela Service Center - Atmas-ric Physics 61- 2 
ALC S COST 6 COMY. TO S 

LUTUORIZED FUNDS ~ 

c CONST. .$ GE S ESTIWATLD TOTAL COST s 154,000 
iTARTlNG '- =IT'D* 'DESI 0~8-15-6~4 PERCENT COMPLETE . 

DATES CONST. 7 r,- -L-Cp+ DATU c ONS ~.6-;5-53%, IT'D. SCHED. ACTUAL 
cow PL. 

ON OlNIDR DESIGN 

mo - GT LlD* TITLE I . 
MAN POW EA AVERAGE ACCUM MANDAYS GE-TITT.II 

SEMI -MONTHLY PROJECT STATUS REPORT 

ARCHITECT - ENOINLER 

DESlON ENGINEERING OPERATION 

GL FIELO ENGINEERING 

COST PLUS FIXED FEE 

PLANT CORCLS 

ARCHITECT- ENGINEER 

DCSIQN LNCINLERING OPERATION 

PF 

CPFF 

FP 

FP OE CiLLD S.NGlNCERlNG 

SCOPE. CURPOSE. STATUS b PROOREIS 

This project is 50 provide a facility to perform a fW.l scope of engineering tests ad 
pilot plant &die€ associated witb fuel reprocessing concepts. 

Desigc has fsilez be- schedule in spite of the Design Operstim vorking overtime. 

me AEC was-sstifled that design is proceeding on a chilled air ventilation system ia 
the ahiniszrative area of FRPP as the result of a study made by CE&?JG. Copies of 
this stady and the bads-xp calciktion were furnished to AEC. 

Appxximssely 22 *awing5 were issued for comment this month for a total of 86 for 
comment, an2 two far approval. 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

AE- TIT. I I 

EONS?. 100 

The proJcet proposal vas submitted to the AEC on J'anuary 23, 1961. 

There has bee3 no cbwe in the status of this project for some time. 

M 77nn -nr2( 2-61, .cc.~~ IICML.ID ..." 
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FIXE0 PRICL 

coar PLUS -XED FEE 

PLANT FORCES 

LRCHltECT- ENGINEER 

DESION ENGINEERING OPERATION 

OE WELD ENOINOERING 

SCOPE. PURPOSE. STATUI L PROGRESS 

This project involves the continued drilling of special research, test and monitoring 
wells 

All construction work including modification #3 was completed 1-24-62. 
Completion Notice is being Fepared. 

The Physical 

PROJ. NO. TITLE FUNOINO 

ALC $ COST & COMM. TO I AUTHORIZED FUNDS 

5 CONST. s GE EqTIMATED TOTAL COST s 

m ANPO w ER 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENOINEER 

DEIION ENGINEERINO OPERATION 

GE FIELD ENGINEERINO 

AVERAGE 

I 

SCOPE. PURPOSE. STATUI L PROGRESS 

CONST. 
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SEMI-MONTHLY P 

ClXLD CRICL 

COST PLUS nXLD CLL 

CLAN? CORCES 

ARCMITLCT- LNOINEER 

OUION LNOINLLRINC OPERATION 

OK ClLLD ENOINKLRINC 

SCOCK. CURCOSL. STATUS b CROORLSS 

This project rill provide facilities to permit deliberate destructive testing of 
Irradiated zirconium tubing. This will provide operating and tube life data not 
now available because of the limited operating history of Zircaloy-2 pressure 
tubing In resctors. 

AEC Directive No. AEC-199, dated October 23, 1961 authorizing $29,603 for design 
has been issue5.. 
received. 

Work Authority Nom CAH-922 (1) dated October 25, 1961 was 

General Electric portion of design started 12-12-61. 

Design progress has been curtailed, pending approval of the Design Criteria by the 
Commission. 



SEMI - MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC co. - Ilsnfard Laboratories 

nw- 72590 
DATE 1-31-62 

FIXE0 PRICE 

72 

38 

COST PLUS FlXED CCE 

PLANT CORCES 

ARCHITECT- ENGINEER 

OCSl QN ENGINE =RING OPLR ATION 

OC WELD ENGlNLERlNG 

I' 

I I I I I 11 

SCOPE, PURPOSE, STATUS b PROQRCSS 

This proJect will provide a source of power for induction heating for R&D work in 
the 306 Building. 

P. 

Installation of the power distribution system and remote switching stations is 
progressing on schedule. 

Per cent actual completion unchanged from previous report because the sixth remote 
switching station previously deleted from the project is now to be installed in 
another location. 

CUNOINQ I Additions to the 271-CR Buildinn Waste Treatment PROJ. NO. 

mANPow ER 

FIXE0 PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER - bVaY Engineers 
DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

I AVERAGE ACCUM MANDAYS SE-tlT. I I I 

I 141 

I I ll I 

SCOPE, PURPOSE. STATUS b PROGRLSS 

This project provides facilities for pilot plant development of decontamination 
processes for intermediate level chemical processing plant waste for safe 
discharge to the plant environso 

Plans ?or procursment of long delivery items are proceeding. 

A meeting between AEC, GE and the J. A. Jones Company representatives was held 
1-26-62 to plan the project construction phase. 

I M - 7300 -042 ( 2-61) 4cc-GI nicnL.nD WAS" 



H-16 
I 

SEMI - MONTHLY PROJECT STATUS REPORT 
GENERAL ELECTRIC co. - Bnford Laboratories 

I 

I FUNDING I TITLE- 

CIXCD PRICE 

COST CLUa ClXLD CCC 

PLANT CORCCI 

ARCl4lTCCT- CNOINCCR cc 

C?Cf 

FP 

OCIlON CNOINCCRINO OCCRATION 

OC FILL0 CNOINCERINO 

SCOPC. CunCoac. STATUS L Pnooncas 

This project. will inareaee the basin c8pacity cammensurate with the increased volumes 
han41e9. 
a=& stiil pe-mft adequate sampling t- for the normal flaw. 

ne proJect proposal was suhnitted to EOO-AEC for authorization on 5-5-61. 

The prspoai was returned mapproved on September 12, 1961, with a letter suggesting 
altemte solutions. These were reviewed for feasibility and practicability. The 
projezr jxopashl vas returned to the Commission for further review and approval; it 
was reviewe8 at the Review BoeA Meeting Canuary 4, 1962 and deferred for further 
study. The nc Review board Meeting is schehle3. for February 1, 1962. 

*%see an at; authorization by 3-1-62. 

TUs will permlt transfer to crib waste of contaminated waste if required 



ClXCD PRIC 

COST PLUS nxco CCL I I 
PLANT CORCCS 

ARCHITECT- LNQINCCR - %my Engineers 
OLSl ON LN OINC C RIN 0 0 PER A TlON 

OC WELD CNOINLCRING 

166 

I I 11 I I I 
SCOPE. PURPOSE. STATUS L PR00RCSS 

This project provides facilities for the conduct of corrosion and decontamlnation 
studies for nuclear reactor coolant systems, by *he addition of 2,700 sq. ft. 
laboratory facility on the west side of the 1706-KE Building. 

A request for contract services has been prepared for submission to the BOO-AEC. 

COST PLUS ClXED ?EL 

PLANT CORCES 

ARCHITECT - ENGINEER 

DCSION ENGINEERING OPERATION 

QE ClELO ENGINEERING 

SCOPE. PURPOSE. STATUS b PROGRESS 

This project provides supplemental ventilation and Installation of a fire detection 
system in the 231-2 Building. 

Fire detection system is complete except testing. 

The two exhaust fans have been installed. The duct work is about 90$ complete. 
roof ventilators will be removed when weather permits the patching of the roof. 

The 
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PROJ. NO. 

CIXCD raicc 

CO.T CLum nxso vmc 

CLAYT COIICRS 

ARCWITCCT- ENOIWCCCI 

DCSI ON CNCI N I C RIN 0 0 PLR A TI ON 

.C C(LL0 CNOINCLRINQ 

Eis prodcct vill psmue 8 closely integrated "A" column in series with the relocated 
"C" zoPanrt to perm2t the developent of 8 mathematical model for the mass transfer of 
wanium, 8s vell 8,c the exploration of the possibilities of computer optimization of 
a combined "A-2" extraction battery. 

Cireczive S-55 h%ed 1-12-62 authorized work on this project. 
'been Fssds9 ad vmis is in progress. 

A design W. C. has 

TITLE CUNOING 

I 

ITARTING ~rilt~ 

CONST. 

EN OIN L LR 

MAN POWER AVLRAQt 

CIXCD PRICE 

COST PLUS ClXCD ?LE 

PLANT FORCES 

ARCHITECT - ENClNClR 

OLSlON ENGINEERING OPERATION 

CL ?)EL0 LNCINCERINQ 

I 

1 
SCOPE. CURPOSE, STATUS b PROQRLSS 

TITLE I 

ACCUY YANDAYS CL- TIT. I I 

A€- TIT. I I 

1 
I 

100 COWST. 1 
I 
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TECHNICAL ADMIXISEMTION OPERATION 

MONTHLY RePaWT 

EMPMx3EE RELATIONS 

_. 
Twenty-eight non-exempt employment requisitions were filled during January with 
eleven remaining to be filled. 

Thirteen participants completed the Creative Approach Seminar. 

Advanced Degree - Nine Ph.D. applicants visited HAP0 for employment interviews. 
Four offers were extended; one acceptance and three reJections were received. .- 
Current open offers total four. 

Bs/MS - Three program offers and two direct placement offers were extended; 
one program offer was accepted. 
visited for recruiting purposes. 

Technical Graduate Program - Eight Technical Graduates were placed on permanent 
assignment, one E&SP member transferred to the Industry Control Department and 
one Technical Graduate terminated. Current program members total sixty-three. 

Offers open total six. Eleven schools were 

'PECHMCAL INF-TIOM 

The backlog of technical reports was reduced to eight from last month's total 
of thirty-one. 

0. E. Boston, Manager 
Technical Administrat ion 

UNCLASSIFIED 



mLAss1m J-1 HW-72590 

l?II?ANCIAL OPWATIOM MONTHLY REPORT 
JANUARY 1962 

GENER4.L ACCOUNTING OPERATION 

Travel activity is still runaing below the level of the past two fiscal years as 
- ~hown below: 

Trips Stested - Year to Date 
M 1960 700 
FY 1961 727 
FY 1962 626 

Following is a summary of the status of letters or agreements covering specific 
-actions requiring AM: concurrence: 

ntle status - NO. 

AT-52 Expanded Use of Whole Body Still pending 

- 

Counter 

AT-~OLC Fission Products Dispersal Still in A#] hands 
Handbook 

AT-105 Symposium on the Biology of 
Transuranic Elements 

~~-19 Miniature Swine for Hammer- 
smith Hospital 

Approved February 6, 1962 

In process 

AT-205 Sanitary mineering Advisory In process 
Connnittee-Washington State 
.University 

AT-212 Delay in Disposition of Residence Approved December 2l, 1961 
of Transferred hployee 

AT-215 Delay in Disposition of Residence Approved January ll, 1962 
of Transferred Ehployee 

, AT-220 Delay in Disposition of Residence In process 
of Transferred Ebployee 

AT-222 Delay in Disposition of Residence In process 
of Transferred Ehployee 

An Assistance to Ranford authorization was issued to the General Engineering Labs 
covering analysis of tubing by the electron probe technique. 

UMCL4sSIFIED 
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The foilowing OPGs were revised during January: 

22.3.1 Approval Authorizations 

3.1.U 

3.4.16 
3 .ki& Removal from Payroll 

Benefits for Ehployees Entering and Re-Pmploynent of 
Veterans Leaving the Armed Forces 
ContimLty of Service and Leaves of Absence 

One contract, SA-196 with the lhnkJ.in County Public Utility District, was processed 
during the month. 

A substantial increase in Forms Control activity was noted. 
marily attributable to changes in printing requirements and reorganizations. 

This increase was pri- 

Forty-four revisions to the A#: lkual. were received. 
is covered in a separate report to the Section Managers. 

A slmrmnl.y of these revisions 

During calendar year 1961 eight suggestions were submitted by eligible financial 
employees. All suggestions were from General Accounting personnel who represent 
62.5$ of Those eligible under the suggestion system. 

A comparison of calendar years 1960 and 1961 for Enance is shown below: 

Suggest ions 

Suggestions Received 
Rejected 
Adopted 
Amount of Awards 
mible Savings 

1960 1961 

3 8 
2 6 
0 3 
0 $45 
0 $190 

adopted included two safety suggestions and one procedural change. 

Hanford Laboratories' investment in Plant and Equipment at December 31, 1961, totaled 
$65.9 miliion,' reflecting a net increase for CY 1961 of $10.7 million. 

During the month $LL8,888 of equipment was transferred to classified plant account 
from Eqyipment Work in Progress and $17,467 from Construction Work in Progress. 

Considerable effort is being spent in assisting Contract and Accounting Operation in 
the preparation of a revised HAP0 Movable Property Catalog. 
revision The new catalog will be issued by Contract and Accounting Operation. 

Upon completion of the 

The physical inventory of movable catalogued equipment in the custody of Chemical 
Research and Development Operation is progressing on schedule. 
started on January 8, 1962, and will continue through February 1962. 

The inventory count 

A report of results was issued for the quarterly inventory of Other Special Materials 
in custody of 95 HLO material holders as of December 31, 1961. 
vealed a net shortage of $172.37 due primarily to a shortage of 66 grams of platinum. 

Tne inventory re- 

UNCLASSIFIED 
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The shortage was traced back to the September 30, 1961 inventory where the material 
was inventoried in the count of two different holders. 
to compensate for these differences. 

An audit of blank One Trip Property Passes in the possession of 60 -ford Iaboratories' 
authorized holders was made during the month. 
for nine missing passes of which five had been issued to individuals, surrendered at 
a check point and apparently misplaced by Security. 
accountability was satisfactory. 

The books have been adjusted 

All passes were accounted for except 

In our opinion the holders' pass 

-Nuclear Materjals Operation advised us that the USAEC had entered into a contract 
with the Stanford Research Institute for a review of practices and procedures in 
Muclear Materials Management. 
was requested to provide information as to the numbers of employees devoting time 
-to NMM functions and to describe their duties. 

'nration from the field, a report will be completed for Word Laboratories and sub- 
mitted to Nuclear Materials Operation. 

In connection with this review Haaford Iaboratories 

Upon receipt of the requested infor- 

At the request of Nuclees Materials Operation a call letter was issued to the 
field for a special ten-year SS hterial forecast covering plutonium, enriched 
yanium and U-233 in connection with the 04 Program. 
information, a report will be prepared and submitted to kclear Materials Operation. 

The Hanford Laboratories' SS Material balance at December 31, 1961 totaled $20.9 
million, indicating a net reduction for the mmth of $.4 million. 
can be summarized as follows: 

Upon receipt of the requested 

%is reduction 

(munts in ~housands) 

Receipt from Off -Site 
Transfer to Other Departments 
Material Consumed in Research 

Total HAP0 Consumed in Research at December 31, 1961 is $1.3 million of which $1 
million is applicable to Word Laboratories and $.3 million to Fuels Preparation 
Department 

Heavy Water losses chargeable to operating cost for the month of Januwy amounted to 
- $18,&63 representing $3,319 scrap material and $15,144 BPID loss. 
b1962, accumulated scrap for return to Savannah River totaled 17,172.49 lbs. valued 
at $209,200.81 

At January 31, 

Fifty-six items valued at $96,865 were received at the Laboratory Equipment and 
Material Pool during the month of Jan-. 

at $355 were temporarily withdrawn by custodians and ten items valued at $4,513 
were withdrawn permanently by custodians. There are currently 957 equipment items 
valued at $501,296 physically located in the storage pool of which 32 items valued 
at $54,198 are held for the convenience of others. 
Materials on hand at the pool at month end totaled $207,258 and materials held for 
the convenience of others totaled $173,152. 

Thirty-three items valued at $10,418 
'were loaned or transferred in lieu of placement of requisitions, two items valued 

Reactor and Other Special 

UNCLASSIFIED 
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Action as indicated occurred on the following projects during the month: 

New Money Authorized HLO 

CAa-867 fiei Eiement Rupture Test Facility $(50 000) -i) 
CGH-951 A-C Column EgCiUty 55 000 

Physical Compietion Notices Issued 

CAH-681 Hanford -pent in the EIR 
CAH-896y Stress Rupture Testing EgciUty 

* AB! Services Only 

Construction Completion and Cost Closiw Statements Issued 

CAH-681 Eanford Fwpment in the EIR 
CAH-91y Air Conditioning 3l.4 Building 

(1- 

* AEM Services only 

HOO-AE reduced General Electric Company contingency f'unds by $50,000 
and gave to CPFF Service Contractor to complete construction. 
tractor 's original estinate was $I~,ooo under pro Sect proposd esti- 
maze, other additional costs resulted from Design changes $18,000, 
SWP Conditions and Gas Activity $U,OOO. 

Con- 

COST ACCOUNTING OPERATION 

During January, ox exeqt employee, W. R. Portch, was transferred to the Cost Account- 
ing Operatior from the Research Administration f'unction. J. G. Plese, a Business 
Painng Recmit, vas transferred to Construction Engineering and Utilities Operation 
and Do H. Johnsfon, a Bisiness Paining Recruit, was transferred from the Irradiation 
Processing Depmtment to the Cost Accounting Operation. 

llnancial data concemng Hanford Iaboratories' requirements for the remainder of 
FY 1962 on programs sFonsored by the Division of Reactor Development were prepared 
for rev-ev by ZWD resresentatives at Hanford on January 3, 1962. 
in cooperation -dth the Hu) research components were preliminary budget assumptions, 
proposed program levels and associated dollas requirements for fiscal years 1963 
through 1967 for current and proposed IXD programs. 
to HW-AEC on January 12, 1962. 

PrepazaTion of the Budget for FY ;96L and Revision of Budget for FY 1963 has been 
ixlitiated. Personnel requfrements were received from the sections and are ready 
for internal review within Hanford Laboratories. Special equipment requirements 
of Hanford Laboratories have been transmitted to the appropriate HAP0 components 
for inclusion in the special equipment budgets. 

Also prepared 

These assumptions were submitted 

The current Quarterly forecast of FX 1962 equipment expenditures was prepared and 
submitted to Contract Accounting for HAP0 consolidation. 
estimated expenditures on a quarterly basis for each major AEC program. 

The forecast contains 

UNCLASSIlTED 
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An authorization for $58,000 was received in January from the U. S. Air Force to 
continue the current Plutonium Inhalation Studies until August 1, 1962. 
authorization was also received from UCLRL in the amount of $20,000 to perform 
additional services for Project Whitney. 

An 

Special requests established during the month were as follows: 

Accounting 
Code 

4R 

Identification 

Pennsslt Chemicals Corporation - Cost of packaging and 
shipping coupons to Pennsalt Chemicals Corporation for use 
in testing decontamination processes and agents in accord- 
ance with Special Agreement SA-192. 

APED - Cost of packaging and shipping coupons to APED for 
use in testing decontamination processes and agents in 
accordance with Approval No. AT-8. 

The establishment and cancellation of program codes in Word Laboratories during 
the month were as follows: 

Program 
Code Etle 

20 In-Reactor Measurements Title cancellation, program becomes 

part of new code .20. 

a 20 Irradiation kmge on New title, combining old codes -20 

Reactor Metals and -33. 

-33 Irradiation Effects on Cancelled, program becomes part of 
Structural Materials new code .20. 

92 Project Whitney Fabrication To record special fabrications. 

Effective February 1, 1962, a more detailed reporting of operating costs of the 
Chemical Effluents Technology Operation will take place. Previously, costs were 
distinguished between the 300 Area function and the 200 Area f'unction; whereas, 
in the f'uture costs will be reported by technological functions which conform 
with the organizational structure of the Chemical Effluents Technology Operation 
'as follows: 

Organization 
Code 

7650 
7651 
7652 
7653 
1654 

Title - 
Chemical Effluents Technology-General 
Geochemical and Geophysical Research 
Process Research and Development 
Particulate and Gaseous Waste Research 
Process Demonstration and Analysis 

UNCLASSIFIED 



The crerilss received in the continuity of service account and from other HAP0 compo- 
nents due to the adjustment to CY i961 Pension Plan costs were booked in Januq 
and effected a net reduction in costs of the research and development components, 
the serviciEg co,qments and the general overhead account as follows: 

Physics and Instrument R & D 
Reactor aad Reis R & D 
Chemical R & D 
Bioiogy 
Test Reactor and Atudliaries 
Sezmciog Components 
General Overhead 

Total 

(In thousands) 
$ 63 
151 
91 
26 

38 
128 

The effect of these credits on Hanford Iaboratories' programs is shown below: 

Research and Development 
Ill0 Programs - 02 Program 

ok Program 
05 Program 
06 program 

ED Programs 
IFD Programs 
CPD programs 

Process Technology 
Project Whitney 
Charges to Service Assessment Pool 
Other Servlces to HAP0 ComponeDts 
Miscellaeous 

Total 

(In thousands) 

$2 
215 
20 

54 
3 
29 
32 
23 
8 
58 

32 - 
A new Time mstribution Report (T5R) was developed for use by Hanford Laboratories 
and Isstruc'cions for implementation were transmitted to the components. 
TIXI is designed around a group mbmission rather than an individual card for each 
person. 
venient for the coqonents to utilize in other phases of business planning and 
cost control. 

The new 

%e new fcrmaT bd.lJ. require less time to prepere and will be.mre con- 

PEBSONNEL ACCOUNTING 

Fayroll Statistics 

Additions and Transfers In 22 3 
Remvais ard Transfers Out 

Enrployees oc Payroll at End of Month 

UNCLASSIFIED 
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Overtime Fkyments During Month 

EStempt 
Nonexempt 

Total 

- '-Gross Papoll Paid During Month 

Exempt 
- Nonexempt 

Total 

. Participation in Employee Benefit 
Plans at Month End 

V 

Pension Plan 
Insurmce Plan 

Personal Coverage 
Dependent Coverage 

Stock Bonus Plan 
Savings Plan 
Savings and Security Plan 

U.S. savings Bonds 

Good Neighbor Fkd 

Insurance Claims 
lhployee Benefits 

Life Insurance 
Weekly Sickness and Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

January December 

$ 3 771 8 3 937 

485 @82 jii%E- $mez 
JanUary DecemSer 

Percent Number Per c ent Number 

1 280 99.4 1 282 99.4 

371 376 
1 055 99.9 1 058 99-9 

93 39.9 91. 39.7 
77 5.4 80 5.5 

1081 89.8 1087 89.3 
967 67.3 978 67.6 

JEiIllJi3I-y December 
Number Amount Number Amount 

0 $0 0 $0 
16 
90 

987 15 
5 833 82 

875 
5 637 

\ 

Finance and Administration 

UNCLASSIFIFID 
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TEST KEACTOR Am) A- 
MONTHLY FUPOKT - JANUARY 1962 

REACTOR DEVELOPMEFIT - d, PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Opera t ion 

Reactor output was 955.11 MUD plus 36 hours of shutdown experimental time, 
resulting in a plant efficiency of 44s and a total 'experimental time efficiency 
of 48q6. 
element is 1360 W/T and for maximum Pu-Al is 62.7 MWD or 37.4$ burnup. 
sixth refueling was accomplished 1-17-62. 
and 46 U02. 
U% element. was moved into 8 higher flux zone. 

Total exposure to date is 4593 MWD. Exposure for maximum U02 fuel 
The .L 

* 
Total elements remain at 39 Pu-A1 

Three new Pu-A1 test elements were charged and the nested tubular 

D20 and helium losses were 1,261 pounds and 187,600 scf, respectively. 

There were 13 reactor scrams during the month, six of which occurred at high 
power levels. 
trips, four were caused by pressurizer level or pressure problems, one was 
caused by a spurious flux monitor trip, and one was caused by a spurious 
seismoscope trip. 

Seven of these scrams were caused by spurious flaw monitor 

A UO fuel element was damaged preventing further re-uee during discharge when 
the gueling vehicle was moved while the tip of the element remained below the 
rotating shield. 
started to prevent such an incident in the future. 
written on the incident. 

Design for an additional fueling vehicle interlock system was 
A separate report has been, 

Equipment Experience 

Oil leaks on both the high pressure helium compressors were repaired this 
month. 
stage head and the cylinder housing. 
Number 1 unit by welding the head to the cylinder housing. 
occurred (about 0.006~~) on the cylinder housing, but it was easily "rehoned" 
to correct size. 

Leaks were through a threaded, gasketed joint between the second 
Permanent repairs were made to the 

Some shrinkage 

Repairs to the Number 2 unit are considered temporary. 

Seals were replaced on Boiler Feed Pump #1. 

The HM chamber was replaced on effluent activity channel "C". 
entered the chamber causing erratic operation. 

Moisture had 

Valves s-60, S-66 and s-67 were repaired. 
split adjustment nut and the actuator shaft and valve stem together had 
"stripped" on all three valves. 

The clamping bolts which bind the 
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Startup Channel #2 has been given a complete PM and recalibration. 
ficant items were found: The counterbalance weight on the count rate 
meter had shifted such that the meter was reading approximately 3C$ low on 
the first three decades, correct in the next two decades, and 16 low in the 
sixth decade. 
(2) Brtreme chassis heating had caused several 1s resistors to change outside 
of allowable tolerances. A cooling fan was installed on the instrument rack 
to hold the temperature at an acceptable point. 

Preventive maintenance required 344 manhours or, 6& of total craft effort. 

Two signi- 

(1) 

Subsequent belancing of the meter eliminated these errors. 

Improvement Work 

Work completed: 

Fuel Transfer System Limit-and Tension Switches 
Moderator and Fkflector Pump Seal Modification 
Indicating Light for Mng Header Level Controller 
Moderator Level Servomanometer Modifications 

Work partially completed: 

Shield Pump Seal Modification 
Automatic D20 Condensate %turn from HX-7 

Design work completed: 

prima& - oxygen Analyzer 
In-line Gas Sampling 
Series Block Valves in Helium Lines to Stack 
Primary Pump Bowl Venting 
Additional Bracing for Boiler Blm-down Line 
Fuel Handling Vehicle Attachment to permit assembled removal of tube, 

ntw Head Bolts for High Pressure Helium Compressor 
element and nozzle . 

Design work partially completed: 

Safety Circuit Ground and Low Voltage Detector 

Process Engineering and Reactor Physics 

Analysis of previous startup data resulted in substantial imprwements in 
startup predictions and determination of reactivity balances . 
A major portion of a preliminary issue of Critical Test Results is ready for 
printing. Additional analysis was necessary before completion and this work 
is essentially complete now. A review of the beta viiLue for the reactor 
kinetics led to the need for additional work. The conclusion made was that 
the beta value used in previous calculations was nigh because of the trans- 
mission effect of high energy gammas from the core causing less of a photo- 
neutron effect than previously assumed. 



UNCLASSIFIED K-3 EIW-72590 

. 

** 

Work on PRTR tests during the month included: 

PRTR Test Number 12 (Measurement of Ef'fective Delay Neutron Fraction) 
Final report was prepared. 

PRTR Test Number 17 (Primary Pump Vapor Binding) 
was prepared and approved. 

Supplement No. 1 

PKTR Test Number 18 (Charge-Discharge Flaw Versus Pressurizer Level) 
Performance was completed. Final report was 
prepared. 

PRTR Test Number 19 (Degasser Efficiency) Performance was completed. 

PKCR Test Number 20 (Test of Reactor Cooldawn and Depressurization in 
the Event of an Evacuation) 
completed. Final report was prepared. 

Performance was 

PKTR Test Number 23 (Total Primary System Leakage Between Angle Valves 
and Primary Pump Inlet Valves) Final report was 
prepared. 

PRJ!R Test Number 24 (Temperature Coefficient Tests) Pe-rformance was 
completed. . 

PRTR Test Number 25 (Calandria Temperatures after a Reactor Scram) 
was prepared and approved. 

Test 

Procedures 

Thirteen Operating Procedures were revised and issued - 16 additional were in 
the process of revision. 

Twenty-three Operating Standards were revised and issued. 

Two revised Process Specifications were accepted for use. 

Q One Maintenance Manual was issued and two others were issued for comment. 

T Three Maintenance Procedures were issued for comment and one was issued for 
approval. 

Inspection sheets, designed to improve preventive maintenance performance, 
were issued, covering a total of 49 instruments. 

Drawings approved for as-built conditions total171 - an increase of 70 during 
January. 

Personnel training was as follows: 
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Charge-Discharge and Load-Out 36 Man-hours 
Qualtfication and test subjects 193 
PrOcedCres, Standards and Specifications 54 

Tat81 PKTRO Man-hours 
Transistors f%vo men completed 25 hour course) 16 Man-hours 

Total Maintenance 16 Man-hours 

Three writtel: qualification examinations were given to PRTRO Reactor 
Engineers and one was given to a Technologist. 

Personnel qualif ications at month-end. 

Qualified Reactor Engineers - 7 
Provisionally Qualified Reactor Engineers - 2 
Qualified Technicians - 4 
Provisionally Qualified Technicians -- 2 
Qualified Technologists 0 18 

Project Status 

Fuel Element Examination Facility - The manipulator was damaged when an inter- 
lork to prevent collisions between the carriages failed while PRTRO personnel 
were traicing on the equipment. 
box were damaged. 

A gear drive and bearings in the main gear 

PKTR Water Coatrol Leboratory - Detailed equipment installation drawings for t 
PKTR water control laboratory were completed and issued for comments. 
laboratory equipment, except for two hoods, exhaust fan, and vacuum pump, have 
been re:eived. 

The 

Additional Shielding Storage Basin Wall at-U1-On Level - Drawings H-3-13996, 
Sheets 1 and 2, showing detailed places for constructing additional concrete 
block and lead shielding along the storage basin wall at the -12' -0" level 
together with a work order, was issued to J. A. JoneS.Construction Cmpany. 

%locatio-, of the sulphite hold-up tank was completed by Maintenance during 
the reaztor shutdown in mid-January. 

Plutonium hcgclt Program Critical Facility 

The desig~ was completed and work started during this period oc the items 
eutho-rize2. in Revision 3 of the ProJect Proposal. 
Auxilia-ry Moderator Storage Tank was completed, and installation of the 
intertie piping started. 

Fabrication of the 

The reactor tank was clad with 20 mils of cadmium poison to eliminate the 
possibility of a nuclear incident caused by cell flooding. 

Thts coatrcl rods have been completed and are ready for installation. 

Fabrizaticr and calibration of a criticality alarm has been completed. 
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