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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the United States, 

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

Makes any warranty or representation, expressed or implied, with respect to the occuracy, com- 

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

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

A. 

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

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

As used in the above, “person acting on behalf of the Commission’ includes any employee or 

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

tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access ro, 

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

such contractor. 
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BUDGETS AND COSTS 

January operating costs totaled $2, 122, 000; fiscal year-to-date costs are 

$14, 680, 000, or 5770 of the $25, 911, 000 control budget. 

Hanford Laboratories research and development costs for January compared 
with last month and the control budget are as follow: 

cost 
(Dollars in Thousands) Current Last 

Month 

HLO Programs 

02 Program $ 32 
04 Program 822 
05 Program 76 

06 Program L6 9 

1 099 
IPD Sponsored 27 1 

CPD Sponsored (Excluding 
Strontium-90 Program) 145 

Total $1 515 

RESEARCH AND DEVELOPMENT 

I. 

12 

Reactor and Fuels 

Month 

$ 37 
810 

68 

177 

1092 

2 62 

159 

$1 513 

~ 

FY 
To Date 

$ 293 

5 447 
460 

1338 

7 538 

1871 

1119 

$10 528 

Budget 

$ 661 

9 494 

796 

2 372 

13 323 

3 170 

1693 

$18 186 

?O 

Spc-rlt 

44 

57 

58 

56 

57 

59 

66 

5 870 

- 

- 

- - 

Construction completion of PRTR and associated facilities is as follows: 

PRTR Phase 111-A, 927’ .complete; Maintenance and Mockup Facility, which 

includes the Rupture Loop Annex and the Critical Facility Building, 3370; 
and Gas Loop, 55%. Designs of the Critical Facility and Rupture Loop are 

complete. Beneficial use of the PRTR stack filter was obtained during the 
month. 

PRTR Critical Tests continued with further determinations of moderator 
level coefficients, shim system strength and coolant void effects, sild wit:: 

sub-critical measurements using all-plutonium fuel loadings. A maximum 
total shim system strength of about 130 milli-k, and a maximum single-rod 
strength of about four milli-k were found. 

higher than previous estimates based on single rod measurements. 

lated results of sub-critical measurements indicate criticality with 12 RJ -A1 
fuel elements loaded in the central tubes at a moderator level of 101 inches 
and with 36 Pu-A1 elements at a moderator level greater than 30 inches. 

These values are about 30 percent 

Extrapn- 

Experiments on arc-melted PuC-UC systems indicate that increased 

additions of UC tend to suppress the quantity of pUzC3 formed upon.passing 

the PuC peritectic temperature of 1650 C. Complete stabilization ‘of the 

34022 
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face-centered cubic PUC-UC structure occurs with slightly greater than 25 

weight percent UC. 

"Salt cycle" U02 remotely fabricated into a fuel element was successfuiiy 

irradiated in the Materials Testing Reactor to an exposure of 700 MWD/T 

at a maximum surface heat flux of 600, 000 BTU/hr-ft . 2 

Ex-reactor thermal conductivites of irradiated U02 are markedly lower 
than for unirradiated materials at low temperatures. 

about 175 C but lower thermal conductivity, by about 10-157'0, still remains 

at 600 C. 

Annealing begins at 

The first KER loading of enriched single tube elements was discharged after 
attaining an exposure of 1200 MWD/T. Basin examination showed no obvioils 

changes, in the elements as a result of irradiation. No apparent dimensiona! 
instability or swelling in the heat-affected zone of the braze closure area 
was detected. 

The hydriding of Zircaloy-2 and Zircaloy-4 by corrosion-product hydrogen 

in refreshed and static autoclaves is governed by the concentration of 
oxygen in the system. 

Creep studies of annealed Zr-2 and 207'0 cold worked Zr-2 in the temperature 

range of 200 C to 270 C show that the activation energy for creep is negligible 

in this temperature range. 

With technical assistance from Hanford, one fabricator has successfully 
produced and delivered nine Zircaloy-2 tubes for the overbore test at 

C Reactor within nine weeks of the date of signing the contract. 

The fifth intentional fuel rupture test in the Engineering Test Reactor operat;$:d 
at full power for 2-1/2 hours after the defect cap was sheared off. 

swelling of the tubular NPR specimens nearly blocked the water annubis, 
making removal from the basket difficult. 

The 

It is believed that non-uniform clad thickness on NPR fuel is the primary 
contributing factor in the mechanism which caused failure by clad splitting 
of several NPR fuel elements. 

Excellent dimensional stability was shown by a U-Mg fuel element irradiated 

to 15,000 MWD/T in the ETR. 

material revealed that the original spherical uranium particles have been 

greatly distorted and the magnesium matrix material has accommodated 
this distortion by plastic yielding. 

Microscopic examination of the U-Mg core 

The effect on heat transfer conditions of the non-coaxiai'placement of I&E 

fuel elements within a process tube was demonstrated i?.the laboratory. 
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When an electrically heated element was displaced 5070 and 7570 of the distance 

upwards toward the wall of the process tube, the water temperatures at the 
top of the annulus increased significantly and boiling burnout took place at a 

reduced heat flux. 

A zirconium process tube and fittings procured for the overbore program at 
C Reactor were installed in the 189-D hydraulics laboratory to verify the 

hydraulic design of the tube and self-supported I&E fuel elements. 
pressure drop as measured across the fuel elements was 1270 less than the 

design value of 270 psi but can be compensated for by increasing the pressure 
drop across other components in the tube. 

The 

Purified fused silica is the most radiation resistant optical grade glass or 
plastic of several considered for use on in-reactor optical equipment. 

is virtually unaffected by a gamma dose of 5 x lo9 roentgens. 

It 

2. Chemical Research and Development 

A mixture of aluminum sulfate and calcium chloride formed an effective and 
cheap scavenging precipitate for treating NPR decontamination solution. 
This method appears superior to using ferrous sulfate and potassium perman- 

ganate. 

Thirteen and one-half kilocuries of strontium-90 were recovered in pure 

form from two ion exchange runs made during the month. 

the product was 5670 strontium-90, very close to the theoretical ratio'of 
Sr-90 to total strontium. Other than Sr-90 and its yttrium daughter, no 
other radioactivie impurity was detectable in the product material. 

solids in the strontium concentrate feed, a lower than expected resin capacity, 
and.radiolytic reduction of copper in the resin system all were problems 

encountered in these experiments. 
future recoveries is underway. Initial decontamination of cell equipment 

was started to allow repair of some leaksbefore subsequent recoveries are 
undertaken. 

Isotopic purity of 

Refractory 

Work to minimize these complications in 

Conversion of the Hot Semiworks for strontium-90 recovery is about 85% 
complete. Flowsheet developments continue to be encouraging and prepara- 

tions for miniature mixer settler runs using actual Purex strontium-90 con- 

centrate were virtually completed. 
solutions showed the system was stable for time periods expected during 
processing. 

surveillance, however. Final strontium product preparation and shipping 
problems are under study. 

Radiolysis studies of synthetic feed 

Radiolytic effects in actual processing will require careful 

Continuing experiments to define the mechanisms by which plutonium and 

uranium oxides co-deposit in the Salt Cycle Process showed air and/or 

water vapor play a role in the process. These results coupled with electrode 
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polarization studies provided sever a1 hypo theses regarding reactor me chams ms 

but conclusive results await more testing data. 

Study of KCl-PbClZ salt mixtures as an alternate to KC1-NaC1 for Salt Cycle 

media showed uranium dioxide dissolution and electrodeposition characteris - 
tics which are quite favorable by comparison and, of course, occur at a much 

lower temperature (450 C vice 700 C). It is clear that electrodeposition 

characteristics in the KCl-PbC12 system are distinctly different from those 

in KC1-NaC1. These favorable results must be tempered by planned studies 
of plutonium behavior in the KC1-PbClZ system. 

The Radiant Heat Spray Calciner has been reassembled with an improved 

filter unit. Two runs indicated satisfactory filter performance. The new 

filter design shortens the unit to allow ultimate in-cell testing in the High 

Level Radiochemistry Facility. 

A bed of Florida pebble phosphate was found to be effective for removing 

plutonium from 234-5 sump waste, adsorbing more than 90% from over 
400 bed volumes processed. Adsorbed plutonium is easily removed with 

. a carbonate wash. 

3. Physics and Instrument Research and Development 

Continual progress in NPR support work was highlighted by measurements 

of the fuel temperature reactivity coefficient at temperatures fifty percent 
above those previously attained anywhere in such experiments with uranium 

metal fuels. Data were obtained at temperatures up to 968' C. 
work, strengths of several control rod configurations were determined in 
exponential experiments, the first use of this technique locally. Calcula- 

tions of neutron behavior in the lattice cell using the RBU code made prog- 

ress as did instrumentation support work in %he areas of fuel failure and 

radiological monitoring. 
ur,der study following its successful simulation reported last month and data 
for me in design of automatic control systems were obtained from observa- 

tions on an existing reactor. 

In other 

Transient behavior of the NPR system continued 

At the Critical Mass Laboratory testing of safety and control mechanisms 
and instruments proceeded satisfactorily and minor modifications to the 

building were completed. 
are under discussion with CPD before being formalized. Meanwhile the 

correlation of existing data on plutonium solutions with calculation methods 

made progress with resolution of previous difficulties in treating reflected 
systems. 

supplied to CPD for use in the calcination of plut.onium. nitrate solution. 

Procedures to be followed in event of an emergency 

The method was then applied in obtaining nuclear safety limits 

The shim rod system of the PRTR is as strong as&iginally expected 

according to results of recent tests which dispelled some concern on ths 
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score created by earlier incomplete results. 

experiments indicated that the effect of the reflector was less than indicated 

by the calcula?:on methods used. 

Analysis of other critical 

In other PRP work, design improvements were incorporated in the Gas 

Annulus Measurement probe and development continued on the process TAbe 

wall thickness probe. Technical planning for studies with high exposure 
plutonium contmied in an effort to achieve technical sophisti cation while 

remaining within the limits of what is achievable experimentally. 

In the Nondestructive Testing Program, continued encouraging results were 

obtained in the development of direct %herma1 methods to bond testing with 
the laboratory application of the met,hod to a number of Hanford, AlSi process, 

fuel elements. 

Orderly progress was made on the many instrument development studies 

including completion of new data handling equipment at, the whole body counter, 
improved techniques for using thermoluminescent dosimeters- and completion 
of a calibration system for in-reactor creep measurements. 

4. Biology 

About half of the waterfowl sampled from local hunters contained dete'z-able 
amounts of P323 indicating that this may be a more significant source of 

exposure to people in the Tri-Ciiy area than estimated in the past. 

The virulence of columnaris - organisms isolated from local fish varied with 

the month of collection. 
(water temperature 66 F), the most virulent was obtained in October (68 F\, 
and the strain obtained in November (61 F) was intermediate. 

The least, virulent strain was obtained in July 

Radiation dose measurements of Cs137 in sheep indicate that the gonads and 

the whole body are of about equal importance as the 
';urnover rate for cesii_tm in the heart muscle was found to be very fast -- 
exceeding 200 percent per day comparGd with 10 percent per day in 
voluntary mus c le. 

11 critical organ". The 

Whole-body coun?mg looks promising as a means of determining the body 
burden of Sr-90 in vivo. 

indicate that after prolonged feeding, the body burden is about 10 to 15 times 
the dose fed daily. 

Preliminary results with this method on swine _- 

Work with swine showed that if a small skin wound is-contaminated with 

p'lltonium, over 8070 will be removed by the scab which forms. 

In studies wi?h pU23902 particles, there was an ind$c%tion that particle size 

and total quantity of Pu deposited affected lung retentbn and urinary excretion. 

123402b 
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Such factors are important to inhalation hazard evaluation and to bioassay 

interpretations. 

' 

5. Programming 

Recently-completed parameterized computer calculations of fuel costs for 

stainless steel clad vs. zircaloy clad fuel assemblies are expected to be 

valuable to fuel development personnel in guiding the design of more economlt-a! 
fuel elements for various reactor uses. 

The design study of the Beloyarsk Russian Superheat reactor has provided a 

convenient check case for the Specific Fuel Cycle Analysis computer codes. 
For batch irradiation of the fuel, the calculated minimum value of plutonium 

is approximately $14/gram, which is close to the mean value calculated for 
the Advanced Pressurized Water Reactor (APWR). 

An integrated plutonium value analysis computer code is nearing completion. 
The code combines physics, economics; reactor operating, and fuel coat 

parameters to calculate the value of plutonium as a power reactor fuel for 
a selected range of reactor systems, and is intended to help guide reactor 
design and fuel development activities toward optimum utilization of 

plutonium-bearing fuel. 

TECHNICAL AND OTHER SERVICES 

There are 17 currently active projects having combined authorized funds in the 
amount of $1g3 047, 000. The total estimated cost of these projects is $20, 922 000. 

Total expenditures. on these projects, through December were $14, 757, 000. In 
addition, project proposals have been submitted to the Commission requesting 
authorization of $670, 000 on six new projects for which the total combined costs 

are expected to approach $5, 620, 000. Of the 17 authorized projects all but two 
are on or ahead of schedule. 

Project CGH-819 - Increased Laboratory Waste Facilities, was completed 

during the month with only minor exceptions remaining. Authorized funds were 
$193, 765, with a scheduled completion date of May 31, 1961, compared to actual 
costs of $165, 000 and completion January 31, 1961. Both the cost arid schedule 
reflect less contamination problems during construction than were estimated as 
well as the excellence of the working relationships of J. A. Jones Company and 
the subcontractors. 

The 1960 annual inventory of Secret Research and Developmant reports and of 
Weapon Data reports was started January 3 and completed January 24 in record 
breaking time. 
copies of which 1, 049 are Weapon Data reports and 9, 147 are R & D reports; 

29 copies unaccounted for from previous years, none unaccounted for this year, 

Results of the inventory are as follows: 10,196 accountable 
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The periodical automation program is essentially completed and the system 

"debugged". Sample lists and reports have been printed from the tape and sub- 
scription renewals are being handled with cards printed from taped information. 

Declassification review of the early 3-series of Hanford documents has been 

completed. 

retained. 

declassified or, in %he case of those having no future reference value, destroyed. 

The classification on approximately 480 of the documents has been 

The remainder of the nearly 5, 000 documents has either been 

Additional analyses were performed on post-irradiation data for production tests 

involving bumper fuel elements. 

effectiveness of the prevention of hot spot failure and the nature of corrosion 
mechanisms. 

These analyses provided new insights into the 

Coding of the computer program for the Z-Plant study has been completed. 

computer was delivered late in January and machine debugging will be started 
in the near future. 

The 

Four cases of plutonium contaminated injuries to fingers, two requiring excision 

of skin, occurred to Chemical Processing Department operators. One additionai 

case of minor plutonium deposition was confirmed during the month, bringing the 
total to 269 of which 264 have occurred at HAPO. 

cases on the active rolls. 
There are currently 192 

A review of internal deposition experience for 1960 showed there were 28 
employees who received measurable deposition of plutonium, 9 employees 

received mixed fission product deposition and one employee received uranium 

deposition. 
permissible body burden. 
be the principal modes of internal exposure. 

The maximum case was equal to or less than 10% of the maximum 
Inhalation and minor injuries to the hand continued to 

Four Radiation Protection Operation exempt employees , as members of the 

Radiological Assistance Team, were requested by the Idaho Operations Office 

to assist in operations as the site of the SL-1 reactor accident at the National 

Reactor Test Site, Arco, Idaho. 

SUPPORTING FUNCTIONS 

Hanford Laboratories received an additional $35, 000 allocation for Miscellaneous 
Capital Work Orders under $20, 000. 
to $150,000. 

committed leaving an unencumbered balance of $25,600. 

This allocation brings FY 1961 funds up 

At month end, $107,200 had been expended and $17,200 was 

There are currently 563 items valued at $222, 000 located in the equipment pool. 
Twenty-eight items valued at $12, 000 were placed in use status during the month 

e. in lieu of placement of purchase requisitions. .. 
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As of January 31, 1961, the staff of the Hanford Laboratories totalled 1382 

employees, including 654 exempt and 728 weekly salaried. 
possess technical degrees, including 333 B. S., 124 M. S. and 105 Ph.9. 

Of the total, 562 

The medical treatment frequency for January was 1 41 as compared with 1.32 
for the preceding month. 

during the month. 
with 2 for the corresponding period last year. 

There were no disabling ,..juries or serious accidents 

There was 1 security violation during the month, as compared 

To date, 43 offers were extended BS/MS candidates for the Technical Graduate 

Program. Of these, 7 acceptances and 7 rejections have been received. 

Ph. D. employment activity included 8 interviews, with 2 offers extended 

(Chemists-HL), one acceptance (Chemist-HL) and 4 rejections (Chemists -HL). 

To date, 7 professors have accepted HAP0 offers to participate in the Summer 
Employment Program. 

A supplemental recruiting brochure, "Living in the Tri-City Area, " was 
completed and is now in use. 

Open requisitions at the beginning of the month totalled 23. 

requisitions received, 14 vacancies filled , and 2 cancelled. 

There were 10 new 

Listed below is a summary of training activities. 

Course or Seminar 

PBM-I 
Creative Approach 

Technical Report Writing 

Number of People Status 

41 

10 
7 

Continuing 
Continuing 
Continuing 

Dr. I. H. Dearnley joined the staff of the Hanford Laboratories as University 
Representative. Dr. Dearnley will be concerned with identifying areas of commm 

interess between academic institutions and the Laboratories and in promoting thew 

appropriate development . 

Hanford Laboratories 

HM Parker:mlk 

R 
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REACTOR AND FUELS HESEARCS AND DEXELOPMFXI OPERATICIN 

TECHNICAL ACTIVITIES 

- A. FISSIONABLE MATERIAIS - 2000 PROGRAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

Ef'fect of Hydrogen Pressee a Hydriding of Zircaloy-2. 
is exposed to mixtures of water vapor and hydrogen, the water vapor severely 
inhibits the hydriding reactior, as long as enough water is present to main- 
tain the normal oxidation rate. Previous data on 3O-mil thick samples 
indicated that increasing the hydrogen pressure from 1 to 400 mm had no 
effect on the hydPiding reaction as long as excess water was available. 
This experiment was repeated 02 5-mii foils of the sane area, which in- 
creased the sensitivity of the e-xperimnt by a factor of six. 'The water 
pressures were chosen to be just sufficient to supply the required water 
to maintain the oxidation rate. 
0.5 mm is indicated by two similar experiments, one of which produced no 
hydriding, the other catastrophic hydriding. Longer term data at p~o = 

400 mm show no hydrogen pickup due to the 400 mm hydrogen partial pressure:. 
These results confirm %h$ earlier observations. 

When Wrcaloy-2 

The unstable nature of the system at PH20 = 

In a similar experiment on 30-mil vapor-blasted samples, a small effect of 
the hydrogen pressure is indicated by the higher than normal calculated percv' 
of theoretical hydrogen pickup mues. 
firm this observation. 

bbre experiments are planned to con- 

Hydriding of Zircaloy-2 in Glow Discharge. 
effect atomic hydrogen would have on the hydriding of Zircaloy-2. 
Zircaloy-2 foil was heated to 400 C io high vacuum and & at one mm 
pressure and H20 at 0.1 mm pressure were added. An electric glow dischargE 
was set up by impressing a 1500 volt AC power supply across electrodes iEtc 
the furnace tube. After 18 hmrs 
of exposure tie sample was removed. 
compares with zero pickup in a similar experiment at p~~ = 400 mm and 
p~o = 1 mm. 
the atomic hydrogen that was generated by the discharge had en effect on 
hydrogen pickup. Further experiments are planned in which the zirconium 
samples are no+, pa,+ of the electrical circuit. 

There has been interest ir, wna? 

A 

The Zircaloy-2 sample was one electrode. 
"he hydrogen pickup was 25 ppm, which 

This result shows that either the electric field itself, or 

Corrosion of NPR Moderator Cooling Tube. 
lost, the temperature of NPR moderatcr tubes would quickly rise to a high 
temperature and then slowly cool in a steam atmosphere. 
approximated in a laboratory furnace. 
heated in a vacuum to 875 C. Pure water vapor at 23 mm pressure was then 
added, and the sample slowly cooled by a calculated rate over an hour and 
a half period. 

In the event the cooling water is 

This sequence was 
A piece of NPR moderator tubing was 

The sample had a Uack oxide fil@',*a weight gaiz of 
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100 mgjda2: a hydrogen pickup cf 180 ppm and a percent theoreticai pickup 
of 35s. 
in the metal. This sinrplified experiment indicates that the loss of water 
to the tubes fo? a period of about one hour would result ir, some damage to 
the tubes but not catastrophic failure. 

An appreciable quantity of oxygen probably was uniformly dissolved 

Etching and Autoclaving of Beryllium Brazed Fuel Elemnts . 
trouble has been experienced in the pilot plant in etching and autoclavirg 

Considerabie 

- 

of coextruded uraslium-core Zircaloy-2 clad fuel elemnts wi+,h beryllium 
brazed end closures. 
white areas after autoclaving rather than the normal black film. These 
grey-tc-white areas appear to be caused by the beryllium presect in fh? 
welds. A test program has been initiated to determine a suitable ,ttchLqg 
technique for beryllium-containing Zircaloy-2. To date, six 5-inch fuel 
elemnts and several 5% beryllium-Zircaloy-2 braze rings have been etched 
and autoclaved using standard Zircaloy etching procedures and sulfuric acid 
rinses. 
showed acceptable black films whereas the material processed tkrough various 
concentratiom of sdf-aic acid rinses following the stacda.xl ilMO?-HF etch 
showed heavy wkife oxide on the weld zones. 

The welded ends of the fuel elemezts show grey-to- 

The materid. processed through the standard Zircaiky etch bath 

Radiometallurgy Iabxatory Studies 

hktallographic exami-natioE of IP-292-A (enriched KER tube-in-tube elemect s ) 
revealed that distartior and severe cracking due to uranium grarth had 
occurred in the mo-pd uranium. 
condition after %he 3100 W/T exposure (m569). 

The uranium-2$ Zr allcy was Lr; excellsnt 

The ruptured tubyfiar element from the fifth ETR defect test was badly 
swollen and had dis%oz%ed the Zircaloy-2 basket. 
of the uranium core had oxidized over a five-inch secfioE in the defect 
area. 
cladding had fallea away. The swelling had also collapsed the icternal 
coolant chmnel (RM-57L). 

Approximately one-half 

Cladding was badly cracked and on the side of the defect part, of the 

Examination of GEH-3-8, uranium-magnesium fuel elemen%, showed thax the 
spherical uranium pellets had become misshapen and wAy contaized cracks 
after a 15,000 m/T expcsure. In a few locations a metallurgical bond 
had follned between fhe cladding ad the fuel core (RM-575). 

Results and in-cerpretations of these examinations will bz reporked ir, mre 
detail in connectlolr with the development programs served. 

Basic Metallurgy Studies 

Radiation EYfec+,s in Structural Mterials. 
data on changes io mzhanical properties of structural materials resulting 
from radiatior, damge, tensile specimns of Zircaloy-2, Zircaloy-3, 
al-um alloys X-8001 and &257, magnesium alloys HK-31A-H24, A-3XA-0, 
and AW350 stainless s%eel were -irradiated ic the 105-m magazine facility. 
Three charges accumiate exposures of 6.95 x 1019 ovt , 7.0 x 1029 nvt, and 
1.2 x loa nvt; thermal flux, respectively. 

In order to augmnt limited 

As a continuance of t.he program, 

# 1234031 $3' 
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the magnesium alloy tells=% speci~ns have been tested. Data indicate 
that radiation tc the levels of %is tes? does cot significantly aiter 
the mechanical properties of the EIK-3lA-H24 (3% thorium) alloy. 
is not surprising since the H24 alloy was fully cold worked prior to 
irradiation. 
pattern of radiation damage wi3h yield strengths increasing from 
13,700 psi to 28,400 psi and @timate strengths increasing from 26,700 
psi to 36,600 psi. 

%is 

The A-3XA-0 (3$ AI.) alloy, however, follows the general 

The elongatim reduced from 13% to lo$. 

nectron and Optical Microscopy. The study of the microstructure of 
cladding ad fuel material before and after irradiation is a direct. way 
of detecting radiation induced damage in these materials. Studies of 
fission fr-nt damage in evaporated metallic films have continued. 
MiLtilayered films of the ty-pe carbon-X-U@, where X is Cr, Ni, W, and 
Be, have been irradiated. These films all contained discrete regions 
free of Uq2, and in these regions recoil fission fragment damage was 
observed. This damage is similar i~ all respects to that detected in 
previously reported films (a, ~e, Si@, m, ~03). merimects 
are now in progress to esta3iish the influence of film thickness or1 
fission track regis%ration. 
orated ir: a manner that produces films with thicknesses which vary by a 
factor of two. The cumber of recoil tracks observed by transmission as 
a f'unction of track lengths for various film thicknesses will be analyzrd 
statistically. Similar- analysis of the number of tracks of given lengths 
which decorate the free surfaces of the films obtained by shadowing the 
free surfaces of the film should help answer the following questions: 
How does fission fragment damage as revealed by electron microscope teck- 
niques vary as %he distance betwee2 fragnent path and the free surface 
increases? Can the direction of travel of the individual fission frag- 
ments be determiced from a comparison of the top and bottom surfaces of 
the films? 

Films of a given material are being evap- 

A film prepared by electron beam evaporation of a20 w/o U-W alloy orto 
a carbon substra3e has been irradiated to 4 x ld- Due to the ex- 
treme dilution of U-235, only a few tracks were observed. This type of 
specimen does not appear to offer advantages over layered, evaporazed 
films, but may offer advantages if prepared as foils. 

nvt. 

Thin foil preparation techniques involving use of a microtome equipped 
with a diamond hife are being developed. 
siderable hlp in preparing foils of chemically reactive metals. 

Two articles, "Fissicn Fragment Damage in Non-fissionable Thin Films," 
and 'knage in Uo;! Films a& Psrticles During Reactor Irradiation," were 
published in Jad of Applied Physics, December 1960. 

'Ilhis technique may be of coz- 

X-Ray Diffraction Studies. 
with various fabrica3ion and heat treatment histories is being determir,ed 
by'several x-ray methods. Five RI(L pole figures of alpha-extruded rod 
which had been cold swaged to 12.5 and 25$ reduction in area have been 
obtained using spherical speciaetls 1/2" and 1/4.";ip diameter. 
alpha-extruded stcck shows 3 strow a-axis com$unpt of texture at 

Orientation of extruded uranium tubes ad reds 

While the 
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approximately 20° z3 the excUrusior: axis, the cold swaged stock does cot 
show this. The effect cf swaging is to increase the relati-- mount of 
010 component parallel 50 the deformation axis and 50 decrease the ii0 
axis component in the same direction. 

During the currelzt studies on x-ray line broadening of cold worked m,d 

irradiated molybderium, it became apparent that the line broadening 
functions found experimentally were inconsistent with theory. The Ea- 
surenents were repeated uing highly precise step scanning techciques. 
The improved data did Cot remove the difficulty but served instead tc 
confirm the discrepamy. A re-examination of the experimental method 
revealed that the relative heights of the alpha-1 and alpha-2 peaks 
changed with degree of broader,ing. The Fourier mthcd of determinicg 
broadening functions requires that this peak height ratio remair, constant. 
It is necessary then to resolve the alpha-1 and alpha-2 peaks rather thw 
to use the unresolved peak. 
from the Fourier coefficients has been developed. 

A technique for doing this se-pamtim directly 

Elolybdenum single cryst,als are being examined to determine their degree of 
perfection ad their suitability for further study. !The firs% crystals 
appear to have a mosaic spread of about 15 minutes of *e, roq#dy twice 
that usually associated with good single crystals. Intensity measurernen5s 
for evaluating amourit and type of extinction have beer, made, buf a correc- 
tion for crystal shape mt, be applied before any conclusions C~I; be dram. 

The experiment$ work on the annealing of molybdenum irradia5ed fo eqos- 
ures > 5 x 1019 nvt has been concluded. This mo1ybdein.m diffezs from tne 
lightly irradiated molybdenum used in previous anneaiing expriments sixe 
considerable iine broadedng is present after irradiation. Some cor,cls- 
sions concerniag the icfl.ueme of annealing on line broadenicg are: 
(1) line broadenin persists fo temperatures as high as 800 C; (2) lice 
broadening (5 x 1+9 r,Ve mterial) anneals out iz two %emperaturo stages. 
50 to 250 C and 400 t,2 8.30 C; and (3) line broadening of i.2 x rivt 

irradiated molybdenur car, 3e completely recovered by anneaiing above 500 C - 
little change is seer- 5ehw 300 or 400 C. It has been noted prev101;sIy 
that all properties do not anneal in the same tenperature ranges. 
iation induced x-ray lim broadening of 5 x 1019 nvt, moly%delzum is reduce1 
by 36 in the temperature range between 25 and 250 C. 
decrease in the irradiatioa ioduced lattice expansiofi occurs in this 
range. Subseqcent isxhronal ameals in the 300 to 400 C rarAge reduce the 
residual expasion by 25$, while the extra line broadening decreases or>y 
by 5%. The two fzrbdiation induced property changes wasured by x-ray dlj 
not recover simLtar*eously in the temperature range betwzen 25 mil 400 C; 
above 400 C they ds. 

i~ other irradiation induced property changes in irradiated molybdenum. 
In this same aeutror, exposure range, annealing of excess electrical re- 
sistivi%y is found 5~ follow a similar pattern to the line width, while 
microhardness md yield point increase with annealing above 100 C m.d up tJ 
250 or 300 C. 
rlefect cordigurations . 

- F 

Ixsd- 

No corresponding 

Theye are other examples of varying recovery razes 

'Theso chacges illustrate the complexity of irradiatix 

h' 

&* . . 
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quench and to compare the results of the oil quench with the results found 
in a nitrate quench. The following heat treatment was given all samples: 
10 minutes at 730 C in NuSal, 20-second air delay before quenching, and 
quench into 20 C Roughton Quench "G" oil. Resulting grain sizes are about 
0.130 mm in diameter and are fairly uniform; the results are comparable to 
those found in the heat treatments involving the 250 C nitrate salt quench. 
The samples have been sectioned for x-ray examination of grain orientaticn. 

The first of eight 11-inch diameter by 11-inch long solid castings was 
processed for coextrusion billets. The casting was triple beta heat treated 
by heating in a chloride salt bath (LH 980) at 730 C for one hour soak time 
and quenching in agitated cold water. Time between removal. fromthe bath 
and immersion in the quench varied between one minute, 15 seconds and one 
minute, 55 seconds. The billet was reversed between the second and third 
quenches. 
in diameter at top and bottom, 0.010-inch diamzter decrease in the middle 
and approximately O.Ol5-inch decrease in length. 
dished. The billet was machined to 11-inch diameter, the ends faced, and a 
1.250-inch diameter hole drilled at the center. Primary extrusion was made 
by FPD with the billet wrapped with 0.020-inch copper. 
approximately 8 to 1 was used. 
produce six 11-inch long coextrusion billets for vertical. extrusion to N 
inner tube on the 7W-r;on press. 
be used in studying warp of the inner tube geometry during beta heat treat- 
nmt . 

Final dimensional changes were approximately 0.050-inch increase 

The ends were also slightl:{ 

A reduction of 
The primary extrusion is being machined to 

The stock from these coextrusions are to 

Fuel Component Development. 
been grooved to accommodate the increased diameter of the ends of brazed 

The rolls for the Three-Roll Straightener have 

fuel elements. 
23.13-inch long elements. 
January 30. 
autoclave cycles to determine amount of stress relief and rewarp. 

The relief has been cut to accept the 17.34-inch and the 
Reassembly of the unit will be conrplete about 

Hot straightened elements will be subjected to long term 

Closure and Joining. 
grade Zircaloy-2 in a step cut on the outer diameter of both ends of a 
Zircaloy-2 round rod. 
inert gas bottle to provide weld protection against the atmosphere. 
object of these welds was to determine if a weld made by the bktallic Inert 
Gas process would pass the autoclave test. 

Another series of filler metal welds were made over the braze of the brazed 
fuel elemnt closure. Micro examination of certain selected welds of this 
series.has shown a bead of f-er =tal relatively free from braze material. 
Slightly excessive spatter and overhang was observed, but most of this can 
be eliminated by proper adjustmnt of the welding parameters. 

Several welds have been made placing a bead of reactor 

The welding was done in a continuous flow, argon 
The 

Autoclaving is now under way. 

Continued exgerimntation and destructive evaluation of the "Extrusion 
Closure" for Zircaloy-2 clad uranium fuel elements has led to the following 
conclusions : 

1. Of the nmrous bonding media tried, a 0.0005-inch copper electro- 
plate on the Zircaloy cap-ring appears to give best results with 
respect to closure quality. 
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2. 

4. 

Under the coEdii,ions of processiw, the copper plate UGYS with t3e 
Zircalay components to form a liquid or highly plastic alloy which 
flows intc the free space between components and serves to bond them 
together wherever they are corrtacted. 

When the dies and punches are arranged to cause actual coextru-' arOI: 

of the cap and side-walls, the latter are thinned by the metal flow, 
resulting in a mare vulnerable product than when no extrusion occurs. 
Wreover, the extrsion causes blending and pressure-welding of cap 
and side-wall material only in the region of coextrusion and for a 
slight distance below this region. 

The 

a. 

b. 

C. 

follcwing changes in procedure appear to yield an iqrwed przduct: 

The chem-milled grooves at the ends of the tubular Zircaloy- 
clad elements are shaped to an approximate 600 V. 
rings are shaped to match and are copper plated to abouz 3/32" 
above the tapered p&. 

The cap 

The electror. beam welding is modified to give about 0.050" deep 
penetration of the weld beads at both inner and outer lips.. 

The die and punch sets are shaped to give a flat closure surface 
in the transverse plane at each end of the element. 

These changes produce the following improvenents in the process and 
product : 

a. The equipment and procedure are simplified and made ameaable 
to prod-dctiari Lse. 
simultaneously. 

Both ends of the elenent may be pressed 

b. As the cap rir4 upsets and deforms to match the uranium face, the 
side wails and weld beads are also upset and compressed, SecorrLr-g 
thicker and bef,+,er cmsolidated. 

c. The V-shaped interface introduces a shear componen% into applied 
lmgituZiad ?ensile stresses, thus increasing the cap's resist- 
ance tc mecb.anlcal separation. 

Since the process has evoived to this form, the +,em "Extrusion C1C)surE" 
is no longer appropriate and will be supplanted in future reports by +,he 
%em "Self -brazir,g Closure I' which more accurately describes the system. 

Attachment of Zircaloy supports to Zircaloy clad fuel elenenks by resist- 
ance spot welding can generate a small area of slightly enlarged L-ium 
grains immediately beneath the weld. Although this has not proven to be 
detrinental to the fuel element life, it represents a possible source of 
varp or instability. 
series of welds were made using the somewhat limited nriables available 
on the 100 KVA Sciaky thzee-phase resistance WE$&. 

ation indicates that the grain size changes cebe eliminated by welding 

To determine whether this could be eliminated, a 

Preliminary examin- 
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Fuel Irradiations., Two tubular TJPR-',De fuel element assemblies have bee-, 
prepared for irradiatior: ir, tke 6x9 loop of the ETR. 
to determine'effect of high temperature and an extremly high Eeutron flz 

on a closure brazed wi;h the 12 Fe + 4 Be + 84 Zry brazing alloy. 
elements will cperate at a calcdated power of 385 kw/ft with tie imxr 
elemmts producing 145 kw/ft and the outer tubes producing 240 kw/ft. 
highest flux is 1,325,000 ETU/hr-ft2 on The bore of the inner element ar-.i 
the lowest heat flux is gOd,C)CO BE/hr-ft2 on the outside of the outer 
element. 
and the maximLun jacket, 3emperatux will be 345 C. 
scheduled tc rux fcr me ETR cycle cf six weeks starting February 13, 1961. 

This test is desigmd 

These 

Tile 

The maximurn ccr? t.exuperature will be 669c on the inner elernen5 
These elements are 

Production Test IP-3GOA, which cmslsts of eight, 20-inch, natural mium, 
Zr-2 clad, KER-size, tube-yJbe ~lernents with projection welded end clos.nes, 
has been discharged and shipped 50 Radiomtallurgy. 
are cmently in Radiornet.,aLiugwr bsslr- awaitkg visual. examination asd ma- 
sureent of 3imensions0 

All of the elemer;t,s 

The first KER loading of enziched single tube NPR-type fuel has been dis- 
charged af5er attamicg an exposure of 1200 MWD/T. These elemen+,s are 18 
inches long, have Zr-Be eutecfic brazed closures, and are' supporte4 by 
iron rails attached fuo $he fwl element surface with Zircaloy-2 stuls. 
During operation, the maxim f~el Temperature ranged from 360-510 C, ard 
the meximum power was approximately 15G kw/ft. The first 400 IND/T ex- 
posure was attained with the loop 0x1 single pass flow using cold water. 

During the course of the irradiatiori the delayed neutron activity in ?h? 
loop doubled, but cperaticn coctiyi2d without incident. 
and xloadirg of the llsop with brazed closure NFR inner tubes, the actirity 
has returned to its prc-aims riomaL Isvel. 

After discharging 

Basin examinatioc of $he discharged elmefits showed no obvious changes ir- 
the elements as a resLt of irr&diatioz. 
shared no appreciable corrosion a? discharge but are starting to corride 
in the bask water. 
slight film formatio:.. The-re was 20 apparent dimensional instability :r 
swelling in the haat EIffected zoze of the braze closures nor was there W-Y 
discoloration cr corosion of the brazed closure. 
weighed ir: the K basin for C,ke direc+, determination of swelling beha-nos 
lk the icterim %he elmenC,s wili be Transferred for a more detailed exm-- 
ination at the C basin exfcznir,atior facility. 

Two KER fael elements are being exdned in Radimtallurgy after 3?'O W/T 
exposure. 
radial cracks ir, tne fuel in both tke inner and outer tubes. The alloy cofi 
(U-2 w/o Zr) elcEn+, has been sectioned at mid-length; no cracks were fomd 
in either the inner or triter tube. AE mea of well-defined grain structure 
was observed in the unalloyed outer tube. Grain structure of this ty-pe had 
been seer, previcusly only whm urazlium tempera$? were above 600 C. 
uraniurc fuel in 5tzis ~em11+, was at a temperatGe .. bf approximately 350 c 

Ths iron rails were black xAd 

Th5 fael elemens surfaces showed som evidence cf 

The elemnts will bc 

The fuel element containing unalloyed uranium has intern&- 

The 
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during operatior,. 
tube was 18.36 gm/cde 
as the result of irradiatioc. 

The measured density of the uranium futl ic the gi;~er 
'This amounts to a density decrease Gf 3.0 perce,-,i; 

The.tubuiar fuel eiements of the fifth ETR rupture test have beelz receimd 
in Radiometalllcrgy and a visual examination has been made. The previously 
unirradiated test elemnt was operated at full parer for 2-i/2 hours d5er 
the defect cap was sheared off. The fuel element had swoUer: until the 
annulus be%ween the fuel and basket was very oearly blocked, and the Scre 
was par5iaU.y blocked. The fuel element basket assembly was swoLen in 
the regior: of the defect to an extent that it was not possi3le to readily 
remove the fuel eiemnts. The outer Zircaloy-2 cladding aromd the de- 
fected area was foud to be cracked and appeared to be brittle. The amomt 
of uranium cocverted to oxide was estimated to be 1080 g,-amS. 

The space coordinates of the outer circumference of eight NPR inner elonents 
were masured at six positions along the length of each elemnt. 
ordinates were measured ater each processing step that could cause dimell- 
sion chmdes. 
January 14, 1961. 
provide an opportunityto determine the effects of irradiation or- the Czi- 

mensional stability of %ese carefully characterized fuel elemerzts. 

A U-& fuel elenmzt has been examined at Radiometallurgy after an eqcs-ue 
of 15,000 W/T in the MPR. The 4.4-inch long and 1.12-inch diameter fuel 
element showed excellen% dimansional stability, having grown only 2,OCZ'- 
inch in lergth ar,d O.O&-inch in diameter. The fzel element sta3ilii;y was 
achieved by the use of 0.960-i~~h Zircaloy-2 clad which restrained the 5--Q 
fie1 core. 
in diameter ad cuLd =of be removed from its can. Microscopic examinaticz 
of the U-& core material revealed that the original spherical uraci-m 
particles have be%? greatly dist,orted, and the magnesium natrix materiaL 
has acconmodated this distortion by plastic yielding. 

These co- 

Fou of .the eight pieces were charged in%c KER Loop h oi 
Post-irradiation examination of these elements will 

- 

The core i5self increased 0.006 inch in lecgth arid 0.006 ixk 

Failures of Zr-2 clad caahm rods and tubes as a result of IccaLized clad 
s5raining have occurred irL NaK capsule and high temperstuzz recirc.Lilar,i?2g 
water lcop irradiatioxx. Two recactiy examined fuel rods, fron a szri%s 
of Hanford capsules, have shm striations on the 0.02O-inch cladding a5 

UOO MWD/T indicathg that the claddiw has st&,ed to neck locally. 
cbservation hdizazes %hat non-uniform cladding tbickness, such 83 euis+,s 
in these rods, may be a acre iqo-rtant factor than irradiatioc damage in 
causing the Zircaloy-2 cladding instability. The maximum circunfer%xtial 
cladding strair; on these rods as calculated from dimemional measur~men%s 
is 1.5 percen+,. Wee other fuel yods, two with 0.020 and one with 
0.030-inch claddicg, a% this 3- exposure show no indications of cladding 
stristiors. To firthe: stuay the effects of cladding thickess -Jariatrocs 
on the susceptibility to faililre, a series cf NaK capsule irradiatizcs of 
Zircaioy-2 clad fuel rods is plmed. 

This 

Heat Treatm?nt Studies. 
(25-mil her and ~dtor clad, 2.401 m, 1.740 ID) have been heat treated 
to dsteA-mice tne degres of reproducibility ava$L&le wher, using an oil 

Fiv? samples of NPR outer tube, ex',rusion 74 
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with the =chine on siqle phse wit.h a secondary voltage of 8.8. It is of 
interest to note that with +&e machhe set to deliver a secondary voltage 
of 4.4 three-phase the grain size change could not be eliminated. The other 
conditiolls for welding withcut affecting the uranium are: 
support bright e*ched, class 2 electrode with a three-inch spherical radius, 
weld time 1/120- second with 35$ phase shift, and weld force 350 lbs. 

elemect and 

Fuel for Present Reactors. 
activated to provide plated cores for FPD to be used in their evaluaticn 

The 306 B7Sding nickel plating facility was re- 

of pressure binded ani hct pressed fuel elemnts. 
I&E, natural xranium cores are to be plated by the end of FY-1961 to provide 
approximately 300 of each t.,-pe of boded fie1 elemnt for reactor testir,g. 
Fm) will perform the hot pressin@; while canned components are to be shipped 
to the Savannah River Works for fluid bonding. 

Sufficient numbers of 

Fuel Deformation Studies. A previous study of a fuel element model, which 
assumd a fuel material with a low yield stress and a cladding material 
with linear strain hardening, indicated that the cladding msterial could 
direct the swelling and thee expansions of tubular fuel elements. 
Bterial testa for establishing a realistic estimate of fuel element 
cladding resistance have been proposed. Review of a new model for creep 
of anisotropic materials has beez: completed. 
being formulated which accomts for both the fuel and cladding materials 
behavior for a full tempera$ure cycle., 

A new fuel element model is 

Twenty-mil thick Zircaloy-2 jackets from coextruded fuel elements were bus$ 

under various conditions of stress 'DLaxiality. In these tests the mode of 
fracture changed from a longitudical to a transverse split when the longi- 
tudinal tensile stress ms aisou% 1.5 times the circumferential tensile 
stress. Ar, unusual result of these tesfs was that, when the s+,ress ratio 
was about 1:1, most of the straining was longitudinal; e.g., the lor,gi- 
tudinal atraic was 16 percellt, with a circumferential strain of only four 
percent. 

In fie1 eleEn$s witk 5xded er.d capsl a strain incompatibility exis%s 
between the fuei and end cap msC?rialo 
lyticai estimates of the sk-ea~,is in %he md cap region of a fie1 eleIller,t 
were unsuccessful. Phot-lastic t,achr,iques using embedded polarizers are 
nuw being in-vestigatd. CI~~~G~X,?S fcr tw.3 fuel element models have beeL 
fabricated. 

Past attempts at obtaining ma- 

Facilities and Equipment. 
uranium scrap bxrning equipmnt. 
increase in fhe weight of the batches burned, combustion of the metal prc- 
gressed smoothly, 
temperatures which did nct, appear $0 exceed 1000 C. 
may accomt for the fact tha5 EO clirkzrs are fomd as is the case in 
most uranium fires. 
limiting effect on the rate of combustion. 
burner throttles the flow of air as the temperature of the charge increases. 
The previousiy sSa+,ed hypGthesia, %at the time required to burn a batch 
of scrap WOL3 ~ot be directly proportional to the weight of the scrap, has 

A seccnd test has been made with experimental 
Elpen thw there was a considerable 

The metal 'mmed dm to a fine powder and did so at 
This low temperature 

The desip- of the burner is such that it has a self- 
The constricted throat of the 

L. 

.* 
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been proven correct. 
produced only a 2.2-fo16 increase in the time and a six-fcld increase ir, 

Zr plus U scrap produced only a 3.6-fold increase in the time required 
for complete oxidation. 

A three-fold increase in the urariium scrap weigh* 

2. REACTOR PROGRAM 

Coolant Systems Technology 

Oxygen Scavenging with Sodium Sulfite. 
tests using sodium suite in filtered Columbia River water have been 
completed. 
inary analysis of the experimntal data: 

The dissolved oxygen scaveqing 

The following conclusions have been developed from a prela- 

1. The fraction of oxygen removed is directly proportional 
to the initial sodium sulfite to oxygen ratio. 

The rate of reaction increases by a factor of 1.8 betweec 
10 and 20 C. 

2. 

3. The reaction rates for commercial and reagent grade sodim 
sulfite are identical within the limits of measurement. 

4. The resction rates are somwhat higher than those reported 
in the literature for similar water supplies and are hwer 
than the rates measured in impure ocean water. 

5. Cobalt ion ir, very low concentrations (0.1 to 10 ppb) is a 
very effective catalyst for this reaction. 

Raw Columbia River Water Corrosion. The corrosion and scaling evalmtioc 
-of a copper jackzted carbon steel heat exchanger tube in raw Columbia River 
water service has bee2 completed. Heat was supplied by Dowthem A at 630 F 
on the carbon steel side. Raw Columbia River water was heated fron 50 F to 
,e 130 F (temperature was dependent on the Columbia River tempemYue) on 
the copper side 05 the %be. A thin, black coating was found on the copper 
surfaces expcsed to the water. 
a thicker, black, scaling oxide was found. 
on a control cazbor, steel heat exchanger tube which was in raw water service: 
The control also had nunr?ro=Ls pits, presumably formed during several long 
shutdam periods whec the steel was exposed to stagnant va5er. HeaT; traasfsr 
data am now being analyzed. 

Corrosion Samples of ASTMA2l.2 carbon steel and x-8001 alloy aluminum have 
been charged into 310 F Columbia River raw water for a long-term corrosior, 
test. 
uniform corrosion, b-xt several small, pits one mil in diater were found cn 
the carboc. steel. 

Where the copper surface was exposed 50 air, 
A much thicker oxide was fumd 

Aluminum samples after two weeks of exposure did not exhibit any nm- 

Process Tube Techolcgy 

Examinstion of ZircaJoy-2 Tube from KER-1. 
saqples from the Zircaloy-2 tube irradiated &r&R-l. .e 

mt tests were performed on two 
These samples were 

1234034 



A- i; 4 

selected frm zegiom EEar the cezt.?r 3f The tube from which a sanpie i1z3 
burst at SO@C psi. %e bust, pross-zes obtained of 16,000 ad i6,500 pa; 
correspond clcseiy to the ~UES of 3urst pressures for samples frorti +,he 
quarter poifits of the Tube. Three saqles fromthe front shieLd portisr 
of the tube and oEe sanple fram the area that coctained the heavy oxide 
layer on the inner s-uface vem obtained for corrosion testing. 
sample fromthe area of heavy cxide was dissclved and a portion of solutisc 
was taker: for radiochemical amigsis to detect the possible presence of 
impurities 

A second 

Zircaloy TuSes for C Reactc. 
ment of Zircaloy-2 tabes fc t,hz overbore test at C Reactor. 
with techricai assistancs fmm Har3ox-d successfully produced and delivzred 
nine tubes within nine weeks of ?he date of signing of the coctract. Wke4 
progress in tool design made dvzizg this period will eliminate a comple7e 
operation from subsequect processing. mis deve1opws.t should ham the 
effect of decreasing the cost of' fabricating the tube and improving the 
quality. 
does not expect to deliver tukixg prior to late February. 

TsTo fa-micators have undertaken the develop- 
One vendGr 

A secocd fabricahr has eccoimtered unforeseen difficdzies and 

NPR Process Tubes. Differences contixiued to exist in the results achieve? 
by the fluorescent pefieC,I.ant 5ess as applied at Harvey Aluminum Cornpas3 ad 
at Word. Many more inSicaC,ions are found on a given tube when xstsd 
at EIanf'ord than werz prese~3 32 the same tube when tested at Harvey. 
difference ic resuits applies to both outside and inside surfaces of the 
tube. The results ~f the izside suface inspection maybeco~ more nearly 
comparable wher: Harvey re3laces the present black light source on their 
borescope. The 1igL-b they %:e usiiig now coxtabs an appreciable co-qorier-t 
of white lignt which my mask so= of the fainter indications. They exptct 
very soon to install a black ligkt source identical with the one in iise a' 
Ranford. So= of the inllfcIiC,ic~;s ir, the Ranford test have been fcxand ts be 
spurious. Coctamiaatim 04 the solutions is thought to be a contributing 
factor. A sauple tibe tested in the White Bluffs' facility is to be :TOSS- 
checked ic +,le 30C Are9 i,nst,Uatioa where clemliness has proven tc; be 
excellent. 
penetran+, ana emulsiflzr, cleced of' rather severe sludge deposits arid 
refilled with new mterials. 

&cwkile, the kdss ar, Wki5e Bluffs have been emptied of 

At Harvey more than *hil-",y tubes have been rejected because of small tear? 
on the inner surface. Stme of %hem can te removed by conditiosing. Ir 
other cases the tube would be aut of specification either on wall thick-zss 
or on inside lianreter befoze the defect could be eliminated. Of the bibs 

presently affected, a dispr=portiom%e number appear to be from the bottom 
half of the original icgot. The cause of the difficulty is not yet hcwr. 

Nonmetallic Bteris;Ls DevelmIIlent 

NPR Grap€ii+,e Irradiaticxi. The GEH 13-5 expertment containing NPR reflectcr 
graphite 31s cow in the thil-i irradiation cycle in the N5 position of the 
ETR. The number three themacouple failed duriag the recent extended shut- 
dm ad thg heater at this p.=lsitim is aow being;man&y controlled at 
the corLtrcC poizt indical-?d by +,ha 5hemcouple -befcgre failure. . 

1234040 
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Graphite Bumlout Mocitorirs: e Graphite bmout monitoring samples were 
discharged frm channel 3461-B after 485 operating days. 
losses of samples upstream in the middle of the channel and dow-stream 
were respectively, 0.24, 1.7l., and 0.05% per 1000 operating days. 
have been prepared for an unassigned channel at KE Reactor which will 
supplemnt the regular 3066-KE monitoring during the production test fc 
study the use of citrogen as a constituent of the reactor atmosphere. 

Average weight 

Samples 

Irradiation D~;P to Polycarbonates. 
resultina from a series of gamma irradiations of pclycarbonate plastics 

The weight loss and gas evolution 

have bee; determined. 
followed by a. decrease at higher doses suggests that oxygen is first 

p oxide evolved which sGbsequently reacts with the polymer to form carbon mo-- 
and carbon dioxide. 
loss of Lexan pokycarbonate was 1.5$; the weight loss of 
molecular weight material was about 0.5$. mcles of gas 
having a compositior, of 66 CO, 35% C+ and 5% HE + + we& evclved from 
both materials. 

The initial buildup of the oxygen concentration 

After an exposure of 3 x l& roentgers , the weight 
crofol, a higher ME: About 2.3 x 10' 

Fkdia&A.lurgy Laboratcry Studies 

Rings fromtwo long sections of tubing thought to be adjacen5 'GO Section 
No. 9, KER Loop I tube, have been examined, but no continuation of the 
oxide layer found on the No. 9 section was located. 
tubing from the No. 9 section conkaining the oxide la-jrer xas dissdvd 
for chemical analysis and a0 adjacent piece removed for corrosion test.ing, 
Four one-inch ri=s were cut from a low exposure section of %he tube fr 
corrosion testing. Burst tests were conducted on two sections 3f tubiRg 
suspected of being adjacent to the No. 9 section which failed at 1ov 
pressure. Both Pisces burst normally vi5h a typical britt;? fractxre ai 
approximately 16,200 psi (RM-330). 

The results and in%rpre?a+,ion of these examinations mll be reporkl ir. 

more detail in corsecticn with the development program serwd. 

A small portion of 

Thermal Hytka.Jiic Studies 

he1 elements within a coolant 5ube was continued. 
applicable to I&E fuel elemetlc,s in a K Reactor process tube was coqlekd 
for the cases of ?CY$ and 759 eccentricity. 
fractior of the nr,rmal. amuLm thickness that %he fuel elemnt is displaced 
from a coaxi& position toward the wall of the coolant tube.) 

The test section used was a &-inch long, electrically heated roC, 1.&5;7" 
in diamter, placed yi5hin a 1.681" ID tube. 
flow coaditions of cooling water %hrough the a3nul.~~. 
at 107 psig and 23 gpm at 53 psig, which represent conditions in th- 3 fiow 

an=liiLus for I&E fuel elaents in the central and fringe tubes a3 a K Reactor. 
The temperature cf the water at the inlet of %he *Yep+, sectim was held 
constant dell-ing each appmach r,o boiling burnout $&was varied during the 

Collectior, of data 

(Percent eccentricity is +,he 

Data were obtained for two 
mese were 40 gpm 

I 
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investigation be%ween 6 and 176 F IJdOW the boiling temperature. 
each run, while +,he kat geoerati9rr rate was gradually increased, 
temperature measwemnts were made cf the heated surface and cooling 
water at selected points arwd $he anzulus of the test section. 
run was terminated when film boiling was encountered as detected by a large 
teqerature excursion at SCE poirzt on the surface of the heated rod. 
Sane typical results are as fbA.hws : 

Durirg 

Each 

Boiling Buroaut 

Case I 40 
Case I1 40 
Case I11 40 
Case IV 4G 
Case V 23 
Case VI 23 
Case VI1 23 
Case VI11 23 

50 
75 
50 
75 
50 
75 
50 
75 

1,159,000 

530,009 
1,450,OCC 

580, ooc 
830,000 
420, OC:! 

1,150 000 
5 00,000 

These data indicate that wker- fuel el=mnts are not coaxially positioned 
within coolant tubes in the Hanforvl reactors, the boiling burnout hea$ flux 
is reduced to very near the nom operatkg heat flux of the fuel e1emer;l;a. 
This probablyleads to high surface temperatures and, in some cases, 
mptures of the fuel elemn+,s. 

During the experimnts boiliq bunout generally took place at the veryF 
da'wnstream end of the heated test section. However, it was noticed that 
somtimes a surface tempera51.x-c higher than normal but lower thar, those 
associated with boiling buxmi; vas encountered 2-1/2 inches fmhcr q- 

strean. 
during the time heat flux was being increased to burnout conditions while 
an other occasions it would shift back to normal before burnout was reached. 
No explanation is offered fcr this bphavior although it might be noted ?ha: 
this point xas 2-112 inches dclwcsi,rem of a short spacing rib located ir 

the flow stream. 

The temperature at this point would somtimes remain high all. 

Review of Outlet Water Ternpersku-t? Limits for BDF Type Reactors. 
hLaboratory Data for Retiew c,f OCitlet Water Temperature Limits for BDF Typ~ 
Reactors," IIW-67139, was completed and issued. The laboratory results up- 
date the howiedge of the thermal and hydraulics conditions for BDF type 
reactors duzizg sn inadverbe~t flaw reductim. The data were obtained wiYn 
a full size, elecxricaUy heated mckup of a charge of I&e fuel elemnts ic 
a single process tube. 

The repcr! 

The results exterided previa- dats to higher tube powers and, in additior,, 
included an e-ati,on of the effects of high rear header pressures ana 
low Panellit pressures on the ability of the reactor Panellit gage syst,em 
to detect flow iosses. 
outlet water temperature limits. 

This infomation is used in setting the reactor 
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It was concluded from the results that in principle the present method 
of calculating outlet water temperature limits was valid for the cases 
studied, but that slight modifications were advisable to improve the 
accuracy of the method. The report, HW-671.39, discussed these modifi- 
cations in detail. 

Heat Transfer Experiments Pertaining to the NPR. 
the boiling burnout conditions for the NF'R tube-in-tube fuel element were 
continued. 
which are applicable to the middle flow annulus of the fuel element. 

The studies to determine 

Experimental data were obtained in the heat transfer laboratory 

The test section used consisted of two 24-inch long coaxial tubes, the 
larger having an ID of 1.775 inches and the smaller having an OD of 1.220 
inches. 
was transferred to water flowing through the annulus fomd by the two tubes. 
Themcouples attached to the walls of the two tubes were used to detect 
the temperature excursions associated with boiling burnout conditions. 

Both tubes were electrically heated and all of the heat generated 

. 

Boiling urnou+, data were obtained at 1500 psia for flow rates between 

from 510 to 585 F. The burnout heat flux for these conditions ranged from 
400,000 B/hr-sq ft at the lowest flow rate to 1,620,000 B/hr-sq ft for the 
highest flow rate and lowest water temperature. -Data were obtained for 
conditions of bulk boiling as well as subcooled water at the point of 
boiling burnout. 

0.5 x 10 k and 4 x 106 lb/hr-sq ft, and inlet water temperatures ranging 

The data reported here will be combined with results from previous and 
future experiments to verify the fuel elemnt design conditions and estab- 
lish the maximum operating limits for the reactor. 

Evaluation of Ekperimental Data. 
analyses of the boiling burnout data obtained on the experimental heat 
transfer apparatus by using the facilities of the Data Processing Center. 
Two separate computer programs were written to accommodate data from any 
of the variety of burnout test sections being used. 
various instmnt readings directly on special forms during the experiments, 
%Be data can be transcribed directly onto IBM cards for processing on the 
7090 computer. 

A system was developed to expedite the 

By recording the 

The following items will be automaticaUy calculated: 

1. The heat flux for the various heated surfaces. 
2. Inlet and outlet temperatures from thermocouple readings - 

in millivolts. 
3. Flaw rates from venturi 
4. Enthalpy and quality of 

section. 
5. Heat balance. 
6. Temperature of the heat 

It is estimated that the results 
within two days of its gathering 

pressure readings. 
the fluid at the outlet of the test 

transfer surfaces. 

from the experiments will be available 
and will greatly reduce-the amount of .. 

hand calculations that are normally required. 
,-+,b 
# I- 

* 
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Hydraulic Studies. We of the zircmlum process tubes procured for the 
overbore progzam at C Reactor was inst.alled in the hydraulics laboratory 
and equipped with inlet %d outle+, pipa comectors idenkical to those 
fabricated for use on tie reactor. 
self-supported fuel alemnts and pressure drop-flow data were collected 
for verification of tke hydrauiic design conditions. The fuel elements 
were 1.989 inches OD and 0.344 inches ID and the process tube was 2.14& 
inches ID. 

The tube was charged with 32 C VI I&E 

It was found that pressme drop acrcss the fuel elements at 50.5 gpm was 
237 psi as compared to a desi@ val.~ie of 270 psi. 
the accuracy to be expected from existing theoretical equations and car, be 
compensated for by incressing the pressure drop across other components of 
the tube. 
of the fuel elemnts was found 30 be 2.91 compared to a desi- value of 
2.75. This means that, the temperature of the coolant water in-the hok 
will be slightly w-r thw desired for optim operating conditiolzs. 

This deviation is withip 

The ratio of flow through the annulus to flow through the hole 

Shielding Studies 

Shielding Instlvments. The sourcs of the unexpected energy peaks observed 
in the recent analysis of the Beg(d,n) rer@ion is not yet lmown. 
believed to be due either to car5012 (d,n> reactims or to a new excited 
state of Be. 
ator laboratory in 83 attempt to resolve this difficulty. 
been made to eliminate %e pcssibiLisg of carbon contamination by fabri- 
cating new clean beryllium +,srge+,s for the accelerator. 

They a-9 

Tim of flight zaslz-emnts will be made in the ioo acceler- 
Plans have alsc 

Attenuation Stndies. A nsw method for calculating neutron, gasrms, and teat, 
distributiocs ir, skiel2 mferisls-is being investigated for application to 
shielding problem of illtarest at HAPO. 
A. F. Aver,- (AERE-R-3216), is being rewritteo for the 7090 computer. The 
first use of tke program wiU. be an attempt to reproduce the experimental 
data obtained for several concre+,es in the DR Reactor test wells. 

'&e computer program, developed bg 

B. WEAPONS - 3000 PROGRAM 

Research and develope& in the field 3f plutonium metallurfAr contimed ic 
support of the Hsriford 234-5 Buildiag Operations and weapons development 
programs of the University of Cdifornia Lamcce Radiation Laboratory (Froject 
Whitney). Details of these activities are reponed separately vis distribusion 
lists appropriate to weapons developrnert work. 

t2340k4 
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C. REACTOR DEVELOPMENT - 4000 PROGRAM 

1. 

Plutonium hrels Development 

PRTR Fuel Fabrication. 
for the first PRTR power tests were completed in January. 
fie1 elemnts and the six cbmpleted in September total thirty-seven 
clusters available for full power use. 
CSO (Al, 1.8 w/o Pu, 2 w/o Ni) corrosion resistant alloy and 35-mil wall 
Zircaloy-4 sheath tubing. All of these clusters use a Zircaloy-4 hanger 
adapter (Dwg. No. H-3-13937) designed to prevent the interchange of the 
uranium oxide and plutonium-aluminum he1 elements from their respective 
hanger rods. 

Thirty-one Mrk I-H plutonium spike fuel elexcents 
These Class I 

The lkrk I-H design uses the 

The special physics fuel elemnt Experiment No. 1 (Wg. Mo. H-3-13332 and 
H-3-13333) using Lutecium foils was completed in January and delivered to 
PRTR . 

Cores, tubes, and hardware are being prepared for the next twenty-eight 
plutonium spike fuel elements to be used as replacements at the rate of 
one per week after the PRTR reac&es full puwer. The completion date on 
these twenty-eight clusters plus spares is April 1961. 

Fabricstion Development. Uniform distribution of PuO2 in U@ is required 
in the uniformly enriched oxide elements. 
process, it is desirable to add Pu% as the fine "powder" normally avail- 
able, rather than as an arc-fused U@-Pu@ solid solution which must be 
crushed and sized. However, in loading the Zircaloy tubing with U@-Pu& 
mixture, use of a vibrating table to reach the desired tap density may 
cause differential settling with resulting "segregation" of the Pu@ 
particles. 
are available; one of these is tamping. 
to approximately 98 percent of the tap density achieved by loading with a 
60-cycle vibrating table. 
distribution of the fines (-325 mesh) in ten sections throughout the length 
of the tube. 
U@ and in the bottom section the fines comprised six percent of the UCQ. 
With improved blending techniques, hand-tamping may provide a feasible 
ECLternative loading method for obtaining uniform UOpPu@ distribution. 
Alternatively, electronic vibratory compaction equipment may be used, with 
or Githout final swage reduction. 

The nondestructive measurement of Pu@ distribution in swaged or vibratory 
compacted UQ-Pu@ fuel rods is required for the fabrication of the mi- 
formly enriched loading for the PRTR. Gannna spectromter studies by 
Instrument Research and Development Operation are under way for this 
purpose and a Zircaloy-clad capsule containing Pu% pellets has been 
supplied for evaluation. 
are also being prepared to support this study. 

For simplicity in a swaging 

Several alternative solutions to obtaining uniform distribution 
One tube was hand-tsnrped with UO2 

A screen analysis was made to determine the 

In nine sections the fines comprised 10 to 13 percent of the 

Two additional capsules containing U~-Pu~ 

UNCLASSIFIED 
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Reduction of zircorium scrap to a homogeneous metal by mechanical hot 
working has shown favorable results. Specimens reduced 85 percent at 
850 C were given various heat treatments after reduction. Heat treat- 
ments were investigated by metallographic examination to determine the 
extent of diffusion of incremental particles that had been hot-reduced 
together. Specimens heated in a vacuum at 900 C up to twenty-four hours 
showed very little diffusion. Above twenty-four hours there was partial 
diffusion. One sample given a heat treatment of one hour at 1200 C 
showed almost complete diff’usion. This specimen was given the standard 
steam autoclave corrosion test. Results of the test were favorable in 
that the scrap from which the specimen was made had not been chemicallj- 
cleaned before reduction. 
acceptable specification. 
to 95 percent is now in process of investigation. 

‘Be corrosion rate was just twice that of 
Zirconium scrap chemically cleaned and reduced 

Development of Zircaloy roll-clad, plutonium-bearing extended surface fuel 
elements continued. 
rolling temperatures of 750 and 800 C and reductions of 90-95 percent. 
Complete bonding is apparently obtained with the exception of a one-fo.Jsth 
inch wide strip along each edge; one Zr-Zr sandwich was rolled without 
outgassing with complete bonding being obtained except for the edge. Six 
atteqts were made to roll a Zr-Zr sandwich containing a Pu wafer; however: 
in each case the steel container cracked at a weld. 
spread of contamination, rolling was stopped when the crack appeared. 
containers with better weld joints are beir,g designed to alleviate the 
problem. 

Bonding Setween Zr-Zr- sandwiches was reproduced at 

In order to prevent a 
New 

A three-foot locg, seven-rod kjection-cast cluster is being prepared for 
ETR irradiation. Samples fromthe ends and center of rods cast from DSO 
alloy (2.5 w/o Fu, 2 w/o Ni , bal. Al) , which is required for the irradi- 
ation cluster have been non-uniform in plutonium composition. The tops 
and cen$ers of five 88-inch long castings were reported to be above the 
tolerance of f. 5 percent of the nominal composition while the bottom mds 
of the castings were below the tolerance. Effective means of obtainiiig 
complete liquid solution of the alloy before injection into tubing have 
not been determined. Mxual stirring appears to be more effective thax 
holding at 800 C for thirty minutes or than bubbling nitrogen gas at the 
bottom of the melt crucible for ten to twenty minates. Five castings 
were produced without surface oxide on the cladding. 
by evacuating a 1/16-incS wide annular space around the tube prior to 
casting. 

This was accomplished 

Experiments with sintered alumisum powders are in progress to observe the 
effect of these higher hot strength materials on thermal cycling of 
Zircaloy-clad fuel rods. 
powder and from flake aluminum powders of three sizes: 
0.17~. 
Tensile tests at room temperature gave a Y.S. of 14,300 psi, which is 
about twice that of the aluminun-plu%onium core alloy. 
specimxs are now being prepared. 

SAP rods will be prepared from atomized alu3linum 
0.8p, 0.4p, and 

To date, rod froin only the atomized powder has been extruded. 

Thermal cycling 

123404b 
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Fuel Evaluation. The four-foot long Zircaloy-clad seven-rod cluster 
containing l/2-inch diameter sintered and ground U%-Pu02 pellets is 
continuing irradiation in the 3x3 loop. 
exposure of about 55 full parer days or the equivalent of about 1760 MWD/T. 
The element is operating with a mxirmrm core temperature of 1850 C with an 
associated sureace heat flux of 346,000 BTU/hr-ft2. 
additional exposure. 

The 42-inch long seven-rod Al-PU cluster which was subjected to 65 them 
cycles plus seven reactor scrams in the ETR 3x3 loop is being examined at 
BAPO. It was cycled under PRTR conditions over a temperature differential 
of 300 F at a heating and cooling rate of 5 F/min. No warping or bowing 
of the assembled seven-rod cluster was detected in the hot cell. The 
Zircaloy bands and the helically wrapped spacing wires remained tight 

following the cycling treatment. There x8s indication that the cluster 
design was functioning properly and that independent expansion and con- 
traction of the individual rods had occurred. 

rod had expanded more, relative to the rods in the six-rod ring. Warp 
measurenents were made on the rods over a 36-inch gage length, and the 
results are as follows: 

It now has an accumulated 

It is receiving 

It appeared that the center 

Al-Pu 7-Rod Cluster Thermal Cycling Exp eriment 

Rod No. warp (in.) 

1 0.010 
2 0 * 039 
3 (center rod) 0.106 
4 0.051 

10 0.051 

5 0.055 
7 0.043 

Graphite Coated Cores 

Yes 
Yes 
No 
Yes 
No 
No 
No 

Rods numbered 1, 2, and 4 contained cores which were coated with graphite 
in order to determine the possible effect of such a lubricant on their 
thermal cycling behavior. 
particular differences as 8 result of the graphite lubricant. 
other rod measurements are being taken at the present time. 

The warp Easurements do not indicate any 
Length and 

The seven-rod Al-Pu cluster rupture element has been completed and shipped 
to the ETR for testing. It is presently scheduled to be charged into the 
ETR on about Febmary 20. This element has a brazed rupture tip which 
will be broken off while the element is operating, thus exposing a 0.035- 
inch diameter unreinforced hole in the 0.035-inch thick Zircaloy cladding. 
The test proposal is now being considered by the McR/ETR Reactor Safeguards 
Committee. 

The eleven irradiated U%-Pu% capsules have been visually inspected, 
photographed and measured. The specimens all appear to be in very good 
condition. Present exposure is on the order of 5000 m/T. 
are in progress to recharge the pieces into the MTR for additional ir- 
radiation. Current plans are to set the goal exposure at 10,000 W/T. 

Arrangements 

1234047 UNCLASSIFIED 
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The two capsules (GEH-14-27, 28) fabricated with Al - 2 w/o Ni - 1.9 W/O Pu 
alloy cores by injection casting were shipped to the MIlR in January 1961. 
The Zircaloy-clad specimens are 0.55-inch in diameter and 3.6 inches in 
length. 

The post-irradiation examination of the six Pu@ impregnated graphite 
capsules which were irradiated in the MI73 is being conducted at Hanford. 
Ekternal dimensional measurements were anhanged as a result of the ir- 
radiation. Fission gas samples have been taken; however, the data have 
not yet been completely analyzed. 
each capsule is given below: 

The total amount of gas released from 

Requested Operating Requested Gas 
Core Temp. (Max. ) -UP Volume 

Sample No. (OC) ($ Pu Atoms) (Total) 

GEH-14-13 778 
GEH-14-14 778 
GEH-14-15 525 
GEH-14-16 525 
GEX-14-17 345 
GEH- 14- 18 345 

3.46 
3 .a0 

3 -17 
3.04 
2.45 
2.74 

There seems to be a correlation between the requested cdculated core 
temperatures and the total amount of gas released. Also, in two of the 
three sqle pairs, more gas is released for the higher burnup samples. 
A more complete analysis will be made using the actual exposures from 
the flux wire data. 

An examination of the graphite cores indicates that they have swelled; 
in som cases apparently filling the 0.020 inch diametral gap on a 1/2- 
inch diameter sample. 
analysis of the data will be made. 

The examination is continuing, and a more detailed 

Au, the samples for the Phoenix capsule experiment have been made with 
the exception of the two fission standards which will be completed 
shortly. Reactivity measurements on the capsules will then be made in 
the FCTR prior to shipment to the PER. 
lattice assembly are complete, and the test proposal is being written. 
Irradiation of the first sample should begin in Wch. 

The capsule holders and RME' 

Preliminary physics calculations on the Pu+UQ experiments in the SNOUT 
facility indicate that 305 Reactor tests would be highly desirable in 
order to more accurately determine actual in-reactor variables. 
in progress to design and fabricate a mutually acceptable test element for 
the in-reactor physics experiment. The enriched material for the irradia- 
tion tests has been requested and bids received by the AEC, but the order 
has not been placed yet. 

Work is 

Facilities. 
tatively established, and scoping studies for design purposes are under 
way. A number of layouts have been made on the basis of integrated re- 
processing and refabrication cells. 

Requiremnts for the FRPP refabrication cell have been ten- 

Additional layouts are being mde 

I23401r8 
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on bcth integrated and non-integrated cells to establish the design and 
operational problems presented by each concept. 

A number of facility modifications and additions have been performd 
during the past month. 
machine and an increased capacity pumping system for the vacuum welding 
box, modification to the demineralized water system suggested by the 
vendor's field engineer to improve water quality and reliability, and 
training of all 308 Building personnel in the use of the emergency fresh 
air masks recently obtained. 

These include installation of a new wire wrapping 

Uo;! Fuels Development 

Fabrication Developnrent . Bulk densities of 94.5-95$ T.D. were achieved by 
hot swaging fuel rods consisting of -60 mesh fused Uo;1 contained in 0.015- 
inch wall 304L stainiess steel sheathing. 
an induction heating coil to approximately 900 C as they entered the swage. 
The kduction hea$ing coil continued to exhibit excellent heating character- 
istics. 
Modification of the fuel rod loading procedure has eliminated the problems 
associated with hot spots which occurred near the ends of the fuel rods 
during heating. The process now consists of (1) welding an ecd cap an one 
end of the sheath tubi-xg, (2) loading the tubing with UQ to within 1/8- 
inch of the top, (3) inserting a disk of 100 mesh screen to contain the U@, 
and (4) welding an end cap on the top end of the loaded tube. The welds 
are made by %he magnetic force welding process. 
second end cap, the loaded tube is evacuated and backfilled with helium. 
The closed fuel rod is cold swaged to approximately 0.675 inch OD, then 
hot swaged to approximately 0.566 inch 0. 

These fuel rods were heated in 

Texpera+,ure fluctuation during operation is less than ? 25 C. . 

During welding of the 

Fuel rods prepared by this technique have presented no problems during 
either cold or hot swaging. 
fuel rod serves to conduct heat uniformly from the cladding. Thus, no 
seveR hot spots occuro No evidence of cracks or failme of the welds 
made with the magnetic forcer welder was found after svaging. 

Three 18-inch tubular fuel elemnts fabricated by vibrational cmpaction 
for testing in a KER loop were autoclaved in steam for 72 hours a% 1600 
psig and 310 C. 
veld area, at one end, snd will be re-etched and autoclaved. 

Pla;ls for P"R power tests utilizing themcoupled, swaged U02 fuel elements 
were submitted and approved. 
and PIKDO. 

The presence of UQ completely along tfie 

Two of the elemnts revealed some contamination cear the 

%ese tests reflect common interests of RFRDQ 

The fuel rods were swaged with a stainless steel clad thermocoupie at the 
center of each rod. The thermocouple extends out of the center of The 
end cap at the top of the fuel rod. Zircaloy end caps are welded into 
each end of the Zircaloy clad fuel rod. A Zircaloy-to-stainless steel 
diffusion bonded transition joint is provided in one end cap, with the 
final closure beillg completed by brazing the thermocouple cladding to the 
stainless steel section of the end cap. 
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Denmutable, fcil-cocfzir-icg, swaged U02 fuel elemeats vere supplied for 
PRTR crit,icd tests. 

Fuel Lrzadiatims. The firel cycle was "closed" January 16, with the suc- 
cessful re-izmdiatioL 02 V@ ir: the SE-L faciiisy of tha MI%. 
remotely fabricated fuel elsmnt coxtained one rod of recycled U9 decon- 
taminated of major nuclear poisons via the "salt cycle" process develo2ed 
by the CheaicaL Research ad Davebpent Opera*ion. The elem?=$ was 
discharged from the reactor after  EL;^ exposu-e of approximately 700 W/T 
at a maximum auz-t'ace heat flux or; the Zircalcy claddirrg of 600,000 BTU/hr-ft2. 
In additim t3 the Arecyclc! fuel rod, the cluiter elenent coatained twc 
other rods xith electrorieposited Vo;? (act previously Lrradiated) and a 
fourth, used as a staridad, wi+% ain2ered UOr, pellets. 
was 1.6 W/G emiched. 
post- irradiat io= exambatioTi. 

The 

All of the fuel 
The fuel element is beirg returned to Hsnford for 

A purposely defecfed, vibrationdly compacted, UQ fviel zod with both 
Zircaloy-2 and Zirzaloy-k ziaddixig (two tubes bJtt welded togfyner and 
defected with a C.3~6 inch diamter kde a5 the jmcfioo) was irradiated 
to compare the hyciriding rates of 2-2 and Zr-5. 
reveai : 

Post-irradiation studies 

1. me splitting of the 2-2 and 2-4 occured by duct,ile 
fracture, rather than by Aeterioratim of the cladding 
by excessive cladding hqeraC,wzs or b.ydri3ix.g. 

3. Elrideme of high localizzd teqeratuzes iri the ZI--2 was 
folxd i2cxmst,xan: frm C,ke failare war the weld. 

4. The sdl 2.~2~ cf lxalized temperature were &so associated 
with diffusim reactims betveer, Zhe UQ md Zixaloy. 

Additional defwt tasts are scheduled. 

The first irrdistioa of high energy i.qact formed (H.E.F. ) U% began 
January 16. 
T.D., and was Vi3mtioilUy eoqactad %a a bulk density greater than 
go$ T.D. The faei is contaiaed in a stmciard m-ETR zapsd.e. 
iatioa ic the core 02 the ETR is contiming with a maxim power gener- 
ation of 60 kw/ft and a maxim. heat flux of 1,350,000 BTU/hr-ft2 on the 
surface of tLe 2-2 cladding. Obj'ectives of the contiming test are to 
obtain fissiar, gas release data md to dctcnaine grain growth character- 
istics and in-reecwr sintering behavior of this novel fuel materiaL. 
-Post-irradiatLon stuclies also will include electron microscopy. 

The fmi ma+e_rid ;:a2 a particle density greater than 99 

Irraci- 

The irradis+,ioxi tesf cf wA assembly cf thia-mlled, stainless steel clad, 
vibrationalljr compacted U% fuLel rods continued in the VBWR without 
unus,ual incident. The nke-rod clster, VBWR-2 (referred to as WO-2 by 
APED) performed a? Flanned, a? a maxim scrface heat flux of ap$roximately 
350,000 BTlij';r-ftC. 
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Eosuz-e and Joiciq. 
an excellent mas of posiC,ioning verythin sections of material to 
perform weldability in-zesC,igatLons. 
fourteen 0.910-inch tZlick sheets of various nickel alloys and stainless 
steels. 

A rieviy installed arc welding fixture has provided 

Welds were successfully made on 

Closure welds were coqleted on sections of 0.563 inch aD by 0.010 iixh 
wall 406 stainless steel tubes. 
(1) resistance butt welding and (2) tungsten arc inert gas weld-. 
Internal pressure tests and metallographic examinations are being per- 
formed to evaluate the welds. 

Two rnethods are being evaluated: 

A Visocorder trace of the input line voltage, welding current and the 
voltage drop across the weld joint is being investigated as a means of 
accurately monitoring the magnetic force welding process to visually 
depict any imgriiazities in welding parameters. 
in tbe welding cl?rren% and voltage cm be identified on the Visocorder 
trace and -used as a guality lneasuring test for the weld. 
procedure my be used either during the weld or as a test after welding 
by measuring the current and voltage drop of a second plse of emrent 
across the welded joint. 

Che percent variations 

This monitoring 

Fuel rod spacer ribs of various shapes have been used to determine which 
configuration will produce +he highest quality weld between the rib an2 
fuel rod claddbg, 
TtielPlctool welds is the ratio of weld width to total contact width. A 
ratio of one has not beer?. reached., but recent tests made with 0.005" to 
0.075'' contact widths gave the following results: 

The primary factor in determining the quality of 

1. 
2. 

3. 

Coctact widths greater than 0.050" cannot be welded. 
There is 110 apparext advantage %o widths less than 0.015"; 
howeTer, widths down to O.OO5" can be welded. 
Contours s~ch as oval wires or wires scarfed to a natching 
radius of the tribe diameter may increase the weld to comact, 
widt,h ratis. 

Corrosion Studies 

Effec+, of Qxyg er, or, Ccrrosion Product Hydrogen Pickup. 
initiated las? month t.c test the hypothesis that the oxygen coatent of 

An experinmx 

the -vater may be ti;e coztrolling factor for corrosion-product hydrogen 
pickup for Wrcsloy-2 and -4 during autoclaving has been completed. 
was shown previouslythat the percent of hydrogen pickup in a static 
autoclave s-ystem ( < 0.1 ppm oxggen) was twice as great as in a refreshed 
autoclave system (3 to 4 ppm oxygen). 

It 

The comgleted test consisted of autoclaving a series of Zircaloy-2 and -4 
coupons in a refreshed 400 C deoxygenated system for various lengths of 

and evaluafioa of the percent of hydrogen pickup at the differen+, 
time intervals. Tht! data show that the percent of hydrogen pickup for 
Zircaloy-2 and -4 in a refEshed deoxygenated (< 0.1 ppm oxygen) auto- 
clave system is higher than in a refreshed system containing 3 to 4 ppm 
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oxygen and more closely resembles the hydrogen pickup in a static auto- 
clave system. %e percent of hydrogen pickup in the refreshed deoxygenated 
system was 28% for Zircaloy-2 ad 2@ for Zircaloy-4. The previous results 
obtained in static and refreshed systems were 36 (22-$and 28s (2-4), and 
15% (22-2) and l3$ (Zr-41, respectively. 

AlUminUum Uoy Development. 
Sna.l.246 Ni, 1,6$ Fe with varying silicon contents have now been in test 
in 290 C deionized water for two months. 
corrosion resistance than x-8001 at this temperature and after two months 
of exposure, many of them are blistering. 

Aluminum alloys containing 1 .CY$ Ni, 0.59 Fe , 

None of these alloys show better 

The alloys in which blistering is most severe are those which have the 
lowest silicon content. 
has been started to determine if %his will alleviate the blistering. 

Annealing of some of the severely blistered alloys 

Corrosion of Ceramic Coated Alumhum. Samples of x-8001 aluminum alloy 
with ceramic coatings of Zr@ and A1203 were corrosion tested two weeks 
at 300 C in water a+, pH 6 tc 7. At the end of the exposure period, the 
Zro;! coating had been completely removed, but the A1203 coating was still 
intact. 
under these conditions that a Eatural protective oxide is not fomd. 
The tests are continuing to determine weight changes. 

Aluminum without a ceramic coating corrodes at such a high rate 

Fretting Corrosion. 
after 1107 hows at 2C C ad a PH of 10.0. Final results on the vertical. 

The low-temperature test was terminated in CEP-2 

fretting assemblies revealed penetrafions of -0.5 mil on the componer,ts 
exposed to natural loop vibration and one to four mils on the components 
subjected to an additional three cps. 
3.6 C the samples with no external vibration corrcded two mils and those 
subjected to an additional three cps corroded five to ten mils. 
mechanism of fretti2.g would appear to include both wear and corrosion. 
Another test at 316 C has been started to determine if mild steel supports 
will cause fretting ic 2-2 tubes, 

Under identical conditions a+, 

The 

Aluminum Corrosion. 
0.1 Ti, low Si) was compared with x-8001 in the ELND-6 Loop. 

An improved aluminum alloy, A-288 (Al, 1.0 Ni, 13.5 Fe 
After 1100 

hours at pH 6-7 and 300-C, both alloys appeared to corrode-at similar 
rates. 
Laboratory in their dyaaslic loops at 315 C. 
corrodes at a lower ra%e %ha x-8001 at temperatures above 300 C, but 
below 300 C the corrosion rates of A-288 and x-8001 are the same: Thus? 
in a pressurized water reactor in which the temperature is at some point 
less than 300 C, the A-288 alloy is not an improvement over X-800L Be- 
cause the corrosicxi rates for X-8001 at 300 C are too high at pH 6-7, 
A-28% can also not be used in a pressurized water reactor under these 
conditions. 

This is in coxhast 30 the data obtained by Argonne National 
It thus appears that A-288 

It has been hypothesized that aluminum corrodes rapidly in deionized water 
because SORE corrosive ion is prPsent and that this corrosive ion is prab- 
ably silicon leachad from the s3eel. To test this hypothesis, some addi- 
tional steel ballast was added $0 the tests described above. The corrosion 
rates did not increas2 as might be expected if this hypothesis were True. 
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St rtlc3xra.i EiIst e r i aL s De vel opment; 

Process Tube !&mitoring.. 
system of the PRTR ir. Decexiber, the inside dimtcr of the Zircaloy-2 

Foilaring the hot test of the primary coolant 

pressure tubes ad the insulating gas gap between the pressure and 
shroud tubes were measured. 
apprecia3ly less that, the noainal 1/4" specified. 
sui.id was 0.1". A series of tests perfomd in a mockup tube revealed 
that the gage is unaffected by the presence of shim rods oz qetic 
materials external :r3 the aluninm shroud tube and that ellipticity 3r 

3oving of the aluminn shroud i;ube would give results similar to those 
famd in the tube wi%h the smallest gap. 

The gas gap for several of the tubes was 
The smallest gap Ea- 

Fbdistian tes5iag of optical grade glasses and plastics has been completed 
to 8 total gama radiation of 5 x 109 R. 
to be most radiation resistant md virtually unaffected at this dosage. 
Radiation protect,e.j. borosilicate crown was slightly sqerior to dense 
f'iint glass alt;hough both. ham good resistance to radiation darkening. 
A Murista (RCA ?@e ne) electron tube was unaffected by a gm dosage 
Of 108 R. 

Purified fused silica was found 

Ths combina.tr.ion of a noc-radiation resistant TV camera and a borescope is 
a potectially cheaper sollition to the problem of visually examiring the 
inside surface of ZircLoy-2 process tubes in place ix a reactor. 
experiments have indicated that the intensity of the light received 
tfrr=rugh a borescope is 500 low to be recorded on a 'IT camera. 
recent clemlopm~t of a special wide sngle borescope lens and a low light, 
level vidicon tube for a TV camera may form a workable system 'The four 
propcsals for tke developwnt 02 a radiation resis5ant TV canera were 
reviewed, bu': actlor, vili 3e witnneld pending investigation of The abcve 
combination. 

Previous 

Hmever, 

Zircalcy Sheath =be Pscgrm. 
5~ic-weJ.L ZircsLoy shesth tubizg has been the presence of impressed 
fwei&p mteriL SE 50th the inside and outside surfaces of the tube. 
lb foUcjwi.;e: Libsez-mtions are tine result of a continuing review of the 
qi&ity cf %3i2.g -ficeived. The effods on the part of the fabricator 
Ts clean up his prr,c%sa have caused a marked decrease in both the fre- 
qmzzcy aacl sevci+,y Q,P impressed particles. 
the last 5~70 r,cbes received, one coctained two cracks 0.6-mil deep assoc- 
m*ed wi%h ixpressed material. The maximum depth of the impression caused 
by impreased mtarial in this group of tubing was 3.5 ails with an a-m-age 
depkh of 5wo us. 
sharp at, the corn=rs. 
has been ,rbmved, the pit or inq?ression is detectable only by white light 
borescopirs, 
bcrescopicg 
its presence. 

A chronic problem in the fabricatior of 

Of 30 samples selected fro= 

The con-koour of the impression was smooth rather than 
In those instances where the impressed particle 

'&an zhe impressed material is still in place, white ligM 
io son? instaces, black light borescoping can detec5 

X-ray mcroscqy and emission spectrography indicate that 
. ir;_ every case sasted the impressed material proved to 

Apparently the manufacturer is not cleaning the tubes 
queot to cL$tiag Dperations. He has Seen apprised of 
prmises to take immediate action to further clean up 

be zirconium. 
sufficieRtly subse- 
the situation and 
his process. 
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Alloy Evaluation Program. 
potential cladding and pressure tube materials has been in progress, 
encompassing determination of fabricability, weldability, and in-reac+,or 
service behavior of selected iron- and nickel-base alloys. The pre- 
liminary data obtained, which are summarized in HW-67715, led to the 
following provisional conclusions : 

A preliminary screening study of a number of 

1. 

2. 

3. 

Hastelloy X, preferably without cobalt, is the most suitable 
one of 21 iron- and nickel-base alloys evaluated to use as 
structural material in dry carbon dioxide of moderate 
pressure at 1500 F (816 C), the design operating condition 
of the PIZTR gas loop. 

AISI 304, 316, 347, and 446 stainless steel, listed in order 
of increasing resistance, represent those of the Uoys 
tested which are least affected by pure, deionized water of 
pH 7 at 360 C (680 F) and 3200 psi pressure. In deionized, 
deoxygenated water of pH 10 at 290 C (554 F) and 1500 psi 
pressure, Hastelloy X offered the highest resistance in 
addition to the above mentioned stainless steels. 

Ta these sirmilated reactor enviromntal exposure tests, 
the preceding top gated Uoys were followed in corrosion 
and oxidation resistance by the iron-chromium-aluminurnbase 

alloys, including the AISI 406 stainless steel. 

To conclude the Etlloy eduaf,ion.program, Hastelloy X and 406 SS, possibly 
with Inconel and 306 or 347 SS for comparison, will be subjected to Panher 
examinations of: 

1. Effects of neutron irradiation. 
2. Resistance to superheated steam. 
3. NaK - compatibility. 
4. 
5. Tube burst testing. 
6. F'abricability and weldability. 

Diffusion bonding and heat transfer. 

Radionretsllurgy Laboratory Studies 

Examinstion cf GEH-4-54, defected, vibratory compacted U@ fuel rod, 
revealed the following: 

1. Bursting of the cladding was caused by internal pressure 
. rather than by heating or deterioration by hydriding. 

2. Although the water flow was restricted, it was not completely 
stopped as attested by the state of the Zircaloy-2 cladding 
downstream from the rupture. 

3. No hydriding occurred in any of the Zircaloy-2 or Zircaloy-4 
cladding even though smaU areas of three samples were heated 
to the recrystallization temperature of Zircaloy-2 and Zircaloy-4 

(RM-619 1 
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Results and interpetations of these examinations will be reported in more 
detail in connection with the developmgnt programs served. 

Thern!al Rydraulics Studies 

Fuel Rement Temperatures in F'ueling Vehicle. A general xrethod of deter- 
mining surface temperatures of a heated element in which the heat genera- 
tion rate varies longitudinally in accord with a chapped cosine function 
and which has axid coolant flow w8s developed. 
hottest surface point and determines the magnitude of the temperature. 
The magnitude of the surface temperature depends upon the peak to average 
heat generation ratio, the total. heat generation, the geometry of the 
element and coolant flow rate. The location of the hottest point depends 
upon the peak to average heat generation ratio and on the term Wt+,/LhA, 
where 

W = coolant mass flow rate 
= heat capacity of coolant 2 = length of heated element 

The method locates the 

A = heat transfer area per unit length 
h = heat transfer coefficient. 

Small values of WCp/LhA move the point of maximum surface temperature 
tuward the downstKam end of the elemnt. 

Application of the method to determine the surface temperatures of PRTR 
fuel elements in the fueling vehicle is in progress. 
of previous work to different peak to average heat generation ratios. 

small that the maximum temperature the OCCUTS term at "Y t e downstream end of the fuel 
air cooling of PRTR fuel elements, 

element . 

This is an extension 
For 

LhA was found to be so 

PRTR Project Mmagemnt and Design 

PRTR Construction. Phase 111-A (construction items not completed by the 
Phase I11 contractor or not included in his contract) being completed by - - 
J. A. Jones, is estimated to be 92% complete. 

The mintenance and Mckup Facility (including the Rupture Loop Annex and 
Critical Facility Building) is estimated to be 33% complete versus a 
scheduled 39$ as of January 31, 1961. 

Concrete footings for the MUI Facility are being poured. 
slab for the Rupture Loop Annex was poured and the ion exchange vault is 
complete except for piping and painting. 
pours for the Critical Facility were completed. 

The concrete roof 

The first and second concrete 

Beneficial use of the mMli stack filter was obtained during January. 
new exhaust fan and permanent inflatable seal have been ordered. 

A 

Phase 111-A construction items on the primary system are scheduled to be 
complete at month's end. 
pump suction lines and gate valves welded in place. 

Temporary strainers were removed from the primary 
Temporary connections 
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to the system have Seen removed and fical tie-ins to the cleanup systen: 
completed. 
resulting from pipe expansion reactions and thermal stresses in the bi- 
metallic weld, it was decided to alter the pressurizer nozzle to ixrease 
its flexibility. A new design and code calculations were prepared an2 
have been approved. 
pressurizer nozzle acd replacing it with a reinforcement saddie welded 
on the shell of the vessel. The vessel will be stress relieved afterward. 
Work is being perfc-md by FF'D EPtintenance. 

To elininate the high stresses at the pressurizer irlss rxzz,~ 

The alteration consists of removing mtal from the 

The low pressure helium compressors in the reactor have been rtx briefly 
for vibratior azlalysis. 
severe; however, the naximum vibration of the compressor platform readlzed 
a maximum of only 0.007 inch, which is not believed unusual. 
item has been issued tG install flexible =tal hose sections in the con- 
pressor piping and to reinforce flexible areas in the compressor pla+,fom 
beams. Other work performed on the helium system iccluded preparatfor, of 
procedures for completiar, of helium dry gas system testing and cleaning, 
preparation of hydrc tes5 ar,d air blow procedures for the high and irrt,e;.- 

nediate pressu_re helium piping, and work instructions for vibration com- 
pensators on low pressure helium compressors and piping. 

The installatim of the mchanical portion of the fuel ,rupture monitor 
system is still not complete. 
work and late delivery of certain materials required for changes re- 
quested by construction forces. Piping connections are to be completed 
before power tests begir,. 

It was found that piping vibratioo was quite 

A Phase IIi-A 

Delays have been caused by higher priority 

The electronic pcrtion of the fuel rupture monitor system is to be de- 

livered by the end of Jan-. 
on the contract because of failure of the equipment to pass acceptance 
tests after repeated a3tempts and considerable delay. 
culties with $he equipm?n+, are in the scanning switches and recorder 
mechanisms. 
to prevent passage of the photomultiplier output pulses, occasiocally 
resulting in a low signal alarm condition. 
occurring only 9 few times each day, but would prove very annoying in 
operation. 
to be installed l~cally. 
should reduce the contact resistance problem. 
what additioral changes may be required to get the electronic system tc, 
operate satisfactorily. 
cost of any such changes. 

%e manufacturer was declared in default 

The major diffi- 

High contact resistance in the input scanning switch appeaya 

The trouble is intermittent, 

The manufacturer is to furnish a new input scanning switch 
This switch is to have gold plated cortscts which 

It is not horn at. this ti= 

The manufacturer is to be responsib3.e for the 

No further sigcificast difficulties have been experienced with the PRTR 
high level safety amplifiers since circuit modifications were &e in all 
units. 
self-checking test pulse by a factor of three and a lowering of the aGtpuf 
iqedence of the last stage of the amplifier section. 
capacitor was &Led to each unit to simulate the ion chamber and cable 
capacitarice in the calibrate position. This assures that the trip point 
will not change between the operate and calibrate positions. 

These circllit changes were the reduction of the amplitude of the 

In. addition, a 

Such changes 
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had been experienced in operation with the trip coming at lower power 
levels during operation than when calibrated. 

Isolation relays have been installed in all period trip circuits in the 
safety system. 
eliminated all "sympathetic" period trips which were occurring every 
time any other safety circuit trip occurred. 

It has not yet been determined whether these have 

Phase 111-A alterations to the fuel handler were scheduled to be complete 
at the end of the month. 

The decking of the loadout trailer has been completed. 
unit is being ics+,alled. 
surface of the tipping saddles to avoid galling of the cask trunnions. 
loadout facility monorail extension has been completed. 

The heat exchager 
Teflon inserts are being installed on the beari-ng 

The 

Final acceptance testing of the manipulator of the Fuel Element Examination 
Facility has been scheduled for the first part of February. 
package has been completed and submitted to J. A. Jones for estimating. 

An installation 

PRP Critical Facility (Project CAB-842). 
with the exception of any revisions which may be required by the hazards 
analysis. 
being circulated for approval. 

Design of the facility is conplete 

The instlllme& procurement package, including the drawings, is 

Status of development components to be mocked-up and tested on site is 
as folluws: 
position indicators have been selected and the order is being placed, 
Approximately three-moEth delivery is expected. 
used for weir positim indication. 
aetailed. 
design is scheduled for conpletian in about two weeks. (3) Weir, thimble 
and source positioaer desigm are all complete to the stage where initial 
fabricatioc may be started. 
scheduled as foliows: 
1961; weir (excepting positim iadicator), April 1, 1961. 
tests indicate that, fuel element weight will adequately seat the 0-ricg 
seals on the top of the reactor vessel. 

(1) Synchro transmitters and receivers for the control rod 

The same system will be 

(2) Safety rod design is now being 
Except for details concerning the magnet installation, this 

Completion dates for testing purposes are 

Preliminary 
source positioner, Wrch 1, 1961; thimble, April 15, 

Construction of the facility continues with the placing of the concre+,e 
for the lciwer portions of the cell. 
to be 25$ complete. 

The George Grant contract is estimated 

Bids have been accepted on the reactor assembly and on the moderator 
storage tank. Bids are due back January 30 
on the thinible coolant pump and the reactor punps. 
quested o~ %he instrurnentation package, the thimble tube blower, and the 
in-cell valves. 

The total price is $23,535. 
Bids are being re- 

The vendor on the fcel transfer lock has advised the scheduled shipping 
date cf February 3, 1961, will be extended by about ten days. 
has been eccmraged to take all possible steps to minimize the delay. 

Ekpeditiag 
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Fuel Element Fhpture Test Facility (Project cm-867). 
the detail desig. is essentially complete except for minor changes. 

The GE portion of 
It 

is planned to route drawings and specifications for approval during the 
first week of February. 
received from Cornell, Howland, Hayes and &rryfield for the water plant 
effluent holdup tank. 

Detail drawings and specifications have been 

A schedule for construction of the underground annex was received from 
the contractor, George A. Grant. The schedule indicates completion of 
the Rupture Facility part of the work on April 24, 1961. 
progress to date is 66; progress is on schedule. 
the bid package data to the Commission for the installation of equipme& 
in the amex building by February 15. 

Scheduled 
It is planned to provide 

Orders were placed with Illinois Water Treatmnt Company for the makeup 
ion exchange system md for the vacuum deaerator. Total cost for these 
items was $31,024 as against $40,000 allocated in the project proposal. 
The specification for control valves was completed and is being submitted 
for bid. The specification for the instrumentation package is completed; 
submittal for bid awaits the completion of associated drawings. 'The 
specification for the electrical switch-gear is being prepared. Approval 
drawings were submitted and approved for the two Aldrich pump units 
(RLP IA, lB) and for the Pfaudler heat exchanger (RLHX-2). 

Tracings of the in-reactor components of Test Section "A" are being cLrc?~- 

lated for approval. 
nczzle material has bee3 received. 
asproved prints are available. 

All purchase crders have been placed for materials and 
Fabrication will start as so02 as 

The rupture loop in-reactor mockup for critical tests was completed a.nd 
delivered to the PWR. 

Design and Component Testing 

PR-10 - Primary Loop bbckup. 
tional 418 hours during the month for a total of 3949 hours. 
ating efficiency was due to malfunction of the automatic temperature 
controller. 
vibration since the additioc of eight additiod springs for a total 3f 

16 for a spring force of about 2000 pounds to provide more stable thrust 
conditions. 

The spare primary pump operated an addi- 
Lower oper- 

The pump has opemted consistently with less than one mil 

The prototype pimp with the self-adjusting seal assembly has operated 
733 hours dxring the month for a total of 5336 hours. 
rate is 0.3 to 0.5 GPH. 

The present leak 

The seal test stmd has operated 405 hours and 54 starts with two seal 
assemblies identical to those on the primary pumps. 
ating 7-1/2 hours/day at 1800 RPM and 1100 psig. 

The stand is gper- 
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The Aldrich injection punp test run using R/M Vee-Flex packing with finger 
springs was terminated after 3665 hours when additional gland tightening 
could no longer reduce the leakage to a drip. 
broken springs and cast doubt as to their value. 
Flex rings and no springs has now been in progress for 351 hours. 

Examination revealed badly 
A new run with the Vee- 

PR-40 - Shim Control. 
for use in critical tests were rewired with the new silicone varnish im- 

The three asseniblies which had different rod material 

pregnated woven glass insulated wire. Temporary stops were installed on 
these three assemblies. 

The order with GE-APED is complete and has been closed out. 

Process Tube Seal Experience. 
tube test piece was operated in the flexure 10- for 362 hours and 45 

The special double-ended nozzle-to-process 

thermal cycles with the new enlarged ID gaskets. One gasket was compressed 
nearly 0.035 inch and leaked less than two ml/day. The other gasket com- 
pressed only 0.025 inch leaked approximately 10 ml/day. 
Got conclusive; however, they do indicate that leakage with the larger ID 
narrower gasket will not be significantly greater than with the original 
gasket. 
in the flexure low had not been-evenly compressed, no doubt contributing 
to the earlier high leakage results. 

These results are 

It was found that the original set of larger ID gaskets tested 

Fuel Element mractor. Testing of the PRTR fuel element extractor was 
completed dura the month. 
has arrived and is ready for installation. The extractor will be ready 
for delivery to tke reactor upon installation of the cylinder and final 

. painting. 
Drawings of the extractor were finished. 
the extractor and its Cuesting has been written. 

The new water-operated, under water cylinder 

The necessary tools for use with the extractor were completed. 
A first draft report describing 

Shroud %be Replacemnt. Delivery of mockup plates was delayed, slowing 
progress on this work. Holes were defomd when the shim rod tube was 
welded in the top plate because of the lack of a heat barrier groove. 
The holes became out of round by as much as 0.1 inch in diameter. 
which were rolled in took the shape of the hole and appeared to rake a 
tight seal. 
9-7/8" long), it was difficult to remove the tube roller. 

Tubes 

Because the tube became out of round at the top (tubes are 

A heat barrier groove was put in a second plate, and it was not affected 
by welding. The tubes are being rolled with different rolling torque and 
will then be tested for leaks under water pressure. 
equipmnt will be required since the clamps now being used are not water- 
tight. 

Additional special 

Ehough preliminary tests have been made that it appears possible to roll 
the tubes into the bottom calandria and plenum plates without welding. 
Atfeqts at, collapsing the bottom section of shroud tube for removal ha*e 
been very successful. 
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I. 

Testing will continue to detwmine the best roll-in torque, easiest 
collapsing rnethod, and to improve the weld cutting tool. 

A purchase requisition has been written for a borescope for shroud kube 
inspection. 

Flexure Loop. The test of the three-clamp Grayloc transition union, 
stainless steel to Zircaloy, for use at the ETR Loop, was resumed on 
January 24, 1961, following delivery of properly tested and inspected 
studs and nuts. The union was made up with 100 ft-lbs torque on each 
stud instead of the originally specified 140 ft-lbs. 
hydrostatically tested at 3000 psi without leaking. 

The joint was 

The union had previously operated 200 hours at 1200 psi and 24 cycles 
in temperature, 200 to 525 F, and ll hours at 2000 psi and one cycle 
at 200 to 600 F. 

Fuel ELement Examination Facility Duct. 
The ducts and transitioc pieces are 86 complete. 
from Barnes and Company is expected in February 1961. 

The two zipper ducts were shorteced. 
Delivery of the frane 

Design Analysis 

PRTR Critical Tests. 
initiated with an approach-to-critical experiment for a Pu-A1 fueled 
core. 
achieved with 12 Pu-A1 elenents loaded into the center tubes and the 
moderator at a level of l~l inches. 
indicates that the critical moderator level would be above 30 inches 
with 36 Pu-A1 columns. 

The second group of critical experimnts was 

Preliminary analysis of this data indicates criticality can be 

An analytic fit to the data also 

A full core loading of 63 U@ and 22 Pu-A1 fuel elements was utilized 
for half-level critical experiments. With a critical moderator level 
of 55.6 inches, an average level coefficient of 5.7 &/in was measured, 
in good agreement with cdlculation. The loading for the reminder of 
the critical tests was established with 55 U@ elements and 30 Pu-A1 
elements, which were located nearer the edge of the core. A critical 
moderator level of 61.5 inches and an average level coefficient of 
5.9 win were mssured for this loading. Although this level co- 
efficient does not agree as well with calculations as do previous 
measurements, the experimental error is believed large enough to iceount 
for the difference. 

&re complete neasurements on the reactivity worth of the shim system . 

have beer, carried out. Preliminary results indicate the maximum strength 
of the shim system is higher than previously estimated on the basis of 
single rod measurenients. With one shim assembly removed from the core 
(for installation of a level measuring probe), a measured strength of 127 
and 113 mk was obtaiced for the overlapped and fully extended configura- 
tions, respectively. 
these values about six percent. 

Instailation of the 18th shim assembly will raise 
These values lead to a maximum single 
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rod strength of about 70 cents. 
bution to the total negative coolant void coefficient from concentric 
fuel regions were completed. 
to result in a slight positive effect of about 0.04 &/tube. 
plutonium tubes resulted in a strong negative effect of 0.5 mk/tube. 
Finally, removal of coolant from the 24 Uo;1 tubes at the edge of the 
core resulted in a negative value of 0.1 mk/tube. The total reactor 
coolant void effect estimated fromthese masurements is about -15 mk, 

in good agreement with the earlier result. 

Additional Ipeasurements of the coEtri- 

Voiding the central 13 U% tubes was found 
Voiding 12 

Reactor power was held constant during one of the critical tests long 
enough for RElo personnel to obtain neutron dose rates through the top and 
bottom primary shields (with rotating shield removed). The following dose 
rates were obtained, using a double-moderator dosimeter: 

Fast Neutrons Thermal Neutrons Reactor 
Power, 

Locat ion Mrem/hr Avg. Energy Mrem/hr Wat%s 

Top shield 6.0 -0.6 =V 0.1 loci; 
Bottom shield 3.0 0.9 mev 0.2 400 

These initial measurements indicate that reactor hall. dose rates during 
full power operation may exceed design levels slightly. 

€"R Rupture Loop. 
moval of an irradiated fuel element from the Rupture Test Facility. 
this operation the minimum water cover of 7-1/2 feet occurs in the PRTR 
fuel transfer basin. 

Dose rate calculations were made for the case of re- 
During 

Dose rates of about 50 mr/hr could occur at this 
point a 

PRP Critical Facility Analyses. 
to determine the capacity of the PRP Critical Facility safety system for 
safely terminating nuclear excursions due to various step and ramp re- 
activity inputs. These studies showed that, with the reactor critical 
at the time the reactivity input began, the rod safety systemwould p- yevent 
f'uel element melting for step reactivity increases up to 25 mk and for ramp 
additions up to about 32 mk per second. No mechanism for adding reactivity 
at rates approaching these has been postulated. 

The rough draft, issue of the PRP Critical Facility Hazards Report was 
ccqleted. 

Analog computer studies were conducted 

Dose rate calculations were made for the Critical Facility hazards study. 
Failure of the Critical Facility water lock would lower the storage basin 
water level five feet. Under these conditions a maximum dose rate of about 
100 m/hr could occur over the fuel element storage area containing 128 
PRTR fuel elemnts. 

The three-group diffusion theory code, FLUX-WEIGHT, has been compiled tn 
final form and debugged. 
importat weighting calculations for the PRCF core design. 

It is now being utilized for criticality and 
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Stress Analysis of the PRTR Primary Loop. 
Dressurizer and steam generator nozzle regions of the PRTR primary coclanz 

Stress analyses of the PRTR 

&stem were analyzed &d compared to the safety requirements of the ASA 
Power Piping Code, the ASME Unfired Pressure Vessel Code, and the Tenta- 
tive Design Basis Code for Nuclear Vessels used by the Bureau of Ships. 
The pressurizer inlet nozzle, which contains a bimetallic weld (clad carbon 
steel to stainless steel) was stressed excessively under certain operating 
conditions. Stress analysis of a proposed nozzle modification resulted In 
added flexibility on the nozzle side of the bimetallic weld and reduced 
resultant stresses to a level below the sllowable limits defined in the 
ASME Gnfired Pressure Vessel and the Nuclear Vessel Codes. 
of the nozzle has started. 

bbdification 

PRTR merations 

Reactor Testing and Activation. 
Tests began on December 27, 1960, and was completed at month-end. 
Approximately 265 separate reactivity masurenents , including 90 measure- 
ments of rising periods, were made for the pro.pamed changes in the 

The second phase of the PRTR Critical 

reactor core. 

C.T. No. 

12A 

lOB, Pt. 1 

15 
16 
27 
34 

28 
30 
lOB, Pt. 2 
1oc 
21 

Tests performed were: 

Title 

Approach-to-Critical Exp. for Uniform Pu-A1 

Three-Zone Approach-to-Critical Ekp's. 

I' Level Sensitivity and Shim 

Moderator Void Coefficient (overflow) 
Poison Calibration of Level and Shim 
Reflector Savings 
Spike Enrichment Addition 
Gas Loop and Rupture Loop Test Sections 

Loading (8" lattice) 

I1 

11 

Critical Experiments 

Calibration Experiment 

Calibration of Substitute Shim Mterials 
Black Rod Replacement 
Moderator Void Coefficient (top drain lines) 
Scram Transient 
Cell Flux 

Status 

Completed 

11 

It 

I1 . 

If 

11 

I! 

To be dore 
11 11 11 

11 It 17 

I1 11 It 

* 

me Cell Flux experinent will be done if it is possible t.0 remove 
the calandria access plugs. 
remove these one-inch plugs using up to 300 ft-lbs of torque. 

To date, it has been impossible to 

The temperature coefficient Critical Tests (CT's 31, 32 and 33) have been 
rescheduled and will be performed during the period just preceding Power 
Tests. 
FebruElry 22. 
date. 

These Critical Tests are currently scheduled to begin about 
Construction completion and design testing will set the exact 

Critical Test 21, Cell Flux, will also be accomplished at that time. 
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Performance of Design Tests continued. 
system was heated to 150 F under Design Test 13. 
the water in the system during +ke heat-up period was found to be approxi- 
mately forty gallons rather than the expected ten gallons. 
remove all air trapped in the top and bottom shields are being continued. 

The tap and bottom shield coolant 
Apparent expansion of 

Efforts to 

Excessive vibration and shaft whip were observed in one of the top and 
bottom shield pumps. The pumg was dis-assembled, and a small grinding 
wheel was found lodged ic the impeller. The pump was re-assembled and 
testing is continuing. 

Several sections of Design Test 7 (Werator System - Cold) were completed. 
Design Test 42 (Moderator System Volunre Determination - D20) was also 
completed. 
under way: 

Detailed preparations for the followin@; four Design Tests are 

Rupture Detection System 
Secondary Coolant Activity kbnitoring System 
Process Area Exha-at Filter 
Process Cell Waste Collection System. 

Design Test 55 (Werator and Gasomter Level Stability) was written and 
approved during the month. 

The process water reservoir supply valve systemwas replaced with a new 
system incorporating a pneumatic level transmitter and diaphragm-operated 
valve. Continuous automatic control of reservoir level was achieved using 
the new system. 

Moderator pump problems threatened to interfere with Critical Tests 
several times during the month. 
ation of Pump #2 and mtor bearings failed on Pumps #1 and #3. All 
repairs were accomplished during scheduled "down" times without interrupt- 
ing Critical Tests. 

A check valve failure prevented oper- 

Failure af both seals on the main personnel air lock occurred on two 
occasims duriq January. 
during +,he day shifts until the seals were repaired since it was not 
possible to use the main air lock and msintain the integrity of contain- 
meet. 
air lock for access to the containment vessel. 

It was necessary to stop Critical Test work 

During the night shifts Operations personnel used the emrgency 

PrOglu!ss of Critical Test work was slowed on a number of occasions when 
D20 and helium leaks were encountered. 
D20 was delayed due to packing gladleakage from tube isolation valves. 
Appraximately 200 pounds of D20 were lost before valve leakage was stopped. 
EPforts to reduce heliumleakage continued. After correction of major 
leaks, moderator gas balance system leakage was reduced to three scfm. 
Pnther improvement was realized as smaller leaks were found and corrected. 

Filling of the process tubes with 
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An -xiexpecr;ed operating inciden5 W-LUT~~ on January 24. 
were being perfcrmed with all codxament valves closed. 
circuit had been de-energized for relocation of some conduit. 
rnent vessel pressure gradually irrcreased during the time the coztaiment, 
valves were closed. 
mnt circuit was reset. 
the re-opened Rrltilation containment valves. 
crease in gascbl;;er pressure which in turn resulted in a sudden increase 
in moderator level. 
est-ted critcial for a multiplication experiment. 
console, although not realizing the cause, recognized the abnormdL conditior, 
immediately. 
level and terminate the incident,. 

Critiml Tests 
Tke contai.meer,-r, 

Contairi- 

When the conduit repair was complete, the contain- 

This caused a sudden de- 
At this time, vessel pressure was vented through 

At this time moderator level was two inches below 
The technicim at the 

He maxxi2ly trippet2 open a control valve to lower the liquid 

Shim rods, since rewiring and instaJlation of new motors, have pe,rformed 
satisfactorily. 
but a revised circxit currently imder test is expected to solve this pr3bienj 

Long term testing of the river pilmps was completed satisfactorily in early 
January. 
Pump #2 ran forty-six days. 

Position read-out accuracy is still less than desired, 

During this test period Pmp #1 operated for fifty days and 

PXTRO personnel prepared a punch List and are providing assistame ir, tnc 
acceptance test follow-up of the helium system. 
list was reviewed, adalist of exceptions was provided to design ad 
construction personnel. 

The f'uel handier punch 

The #1 primary pump was overhauled to repair a leaking seal. 
leakage was caused by a minor fadt which may have occurred during assembiy 
of the pump. 
signed to eliminate hduced currents in the bearing surfaces and thus 
avoid pitting of the bearing surfaces caused by galvanic action. 

mans and Prccedures. 
Standards and Procedures continued through January. 

of the ninety-one procedures and seventy-six of %he eighty-sev-, pr standards 
had been approved. 

The seal 

The mator was re-assezibled using an insulated end ball de- 

Preparation, review and approval of the Operatiw 
At manth-er,dJ eighS7 

Test descriptions of two Parer Tests were approved by the X?i3. 3tltazC%; 
Council. Detailed test procedures were prepared for two :ests. Arrazg? 
ments were made to install vibration monitoring probes for Pner Test 6, 
Linear diffemn%ial transformers were ordered for measuring firlid volume 
change as a f-~ctim of temperature. Noise monitoring equipmnt will be 
installed by TJL TiI-end as required by another section of Power Test 8. 
Equipment pr1.'~-~"~1xerit for other Power Tests is under way. 

Approx..imai;C?: 200 pages of revlsions and additions to the Ekctrical 
were issid. .?' ring the month. lZlese covered work on 'the r&iutenar.ce 
bkcku~ CC~.~:ZL' ; wxerous Phase 111-A constmctian ftesw.. ~~7.d ',h a46Li;' 1 

2f the gas loc~ quipmnt to the PRTR facility. 
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‘1212 gas.loop compocents, Zesign data ad corstrdctior, reports were reviewed 
wish the thid party ir;spector in prepararior, for coding the entire loop. 

Portions of the Gas hcp Operatiq PToceduzys, Valve Manual, graphics 
5rainmg aids, and a model of $he gas hop compments were prepared during 
January. 
with Plzt Eagiceering persomel. 
was preseEted to DDO for consideration. 

The specificatiors for all L-qt-ne lco~ coqcnents were reviewed and comments 
fxwarded to design personel- 

Arrargemnts for czdering spare parC,s for the loop were Made 
An alternate sample handling cask design 

Construction liaisor: continued. 

Plutanium Dioxide-‘iJracium Dioxide 

Bvest,igatiions ka-e contkued 3% the crystallographic stability of pU@ 
frm 30Q C calcined oxaiate. 
PJ% obtained 5y a 300 C calziz~stAon. In an experiment to delineate inter- 

.action with the furnace boat, Pu% pelieta were heated to 1500 C in dry 
hydrogen OIZ Ta, oxidized Ta, A1&> lb; and W boats. Both surfaces of each 
pellet were examined 5y mcnurf;ing tLe pellet in a special jig adapted to the 
gonionreter of a GE XRD-5. 
The pellets which had been ~~5tiz~g on ”a shared exkreme amounts of alpha 

PJQ p22? 111) shcwed about 76 alpha P1g03. The pellet resting on A1203 showed 
015y large qwti5ies of Pu-AlQ3.. and zne pieces 3n bb and W also gave no 
indicatian cf al&a Pu2O3. Ch some of these samples reflections were seen - 
a% 28 angles of 27’ and 310, wkich correspond closely to the beta Pu203(100) 
ad (101); however, no =;ther lines wer? observed. . Eased on the La203 1So- 

mqkisrn, se-mzal &cc: strxg lhes  odd be expected if beta Pu2O3 were 
pyssect. In additaw, tae ra”,io c.f the in+,ensities of these lines varied 
cowlderably, Lndrcar,ing ?hat if this is 3e5a PU20-3, the structuze might 
Fcssess a s-hrongly preferred orfentation. 
T~crf? IIlereiy the resdt sf deycssi-,ion .=f mpar from the mace refractory, 
2 VC& peUe+; WAS sFZl”,ered.( bu$ x-xy earamination showe9 no extraneous lines. 

Ck cxidatior of these peLa%a at 860 c i.c air, weight gains showed the O/Pu 
=ti0 to be between 2.86 and 1.3C, which CG-Prespaads to r0-y 25s PU203, 
arrd 13 most surprising i~ vtei~ of the Pu29 quartities seen 011 the diffrac- 
tim pa$terns. 
present while the buik of the peLe+, is cot nearly so oxygen-deficient,. 
!?&is is suppofied by a~ exper-nt Fr keli-m, in which 26 alpha fi2 
seen by x-ray diffyactios, -ails raida%ion fielded a meager 1.9’7 for ?!he 
O/PU ratio. 

I% msjori5J cf sin2ering data has been on 

Copper radiation (K 4 1 = 1.54051 A) was used. - 

e In one esse ths x-ray i.rrteasisi%s af the pu203(222) versus the 

To determine whether these lines 

This w~dd indiza+,e tkst a bighly reduced surface skin is 

was 

The weight; loss 01: %e ah%% peiLec,s vas about 4.254, approximately two 
percel=t greater 5ka~ cm be accom?e3. for by weig& gain and by libera- 
%on of adsorbed gases. 
reduction of PuQ2 is kncm to Segin at, abc~ut UOO c in hydrogen, it is 
thus likelj that P”203 r3r a PU@-~ species has EL considerable vapor pressure(. 

This icdicates a loss of plutonium and since 
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It has been foxd prwimslg that the reduced akin could be easiLy 
remove3 by gricding as little as 0.002 irch fromthe surface; howeveri 
calculation of the depth of oxygen depletioc was not consis%ent witi; 
the surface x-ray data. P.@ powder which had been sintered at 1,500 C 
ih hydrogen was heated at 50 C and 100 C ixcrements in air and complete 
oxidation had occwred by 200 C. 
moving Pu& frcm the surface d-uing grindiq treatmnk, it was icstead 
oxidized by the Lea3 of working. 

This bdicates that rather than re- 

An illust,ration of the ease with which a PU%-~ surface may be oxidized, 
or else of +,he Trolatility of m2O3 was seen during heatixig on vac-~u~ A 
pellet whose surface showed about 46 dpka pU203 and gave a PuO lstC,Lce 
paramter of 5,400 A was heated to UOO C in a vacuum of 1 x 10-5 mm Hg 
and furnace quecched. 
and its lattice para?ne%er was the usual 5.39 A. It had been thought that 
single phase PJ@ kad 3een retained on qvlenchillg; however, oxidation gave 
an O/PJ of 1.85 

On examination, only a sharp Puo;! phase was seen,, 

Attempts hiwe been made to correlate the lattice parameters of Pu@ and 
alpha h2O3 with O/Pu ratio. 
been achieved due to the small unit celi expazsion of the oxygec-deficier,'. 
structure, 
indicating the fluorite s%ruc+,ure does not exist with a large mygez 
deficiency. 
the lattice parameter tolerances in some cases are ? 0.005 A. 

For the case of KO;!, little success has 

The larges+, Pmo;! lattice parameter observed has been 5.4Cl A, 

A correlatioc be%ween a, and O/Pu is impossible +,hen bewise 

Alpha Pu203 possesses the Type "C" rare earth struckre which is essix- 
tiuy a stacking of eight, fluorite cells bJt containing only 75% sf tk2 

theoretical nmnb8r cf Lqygen atms, This is a defect st,rxture aad wiil 
accommodate more rkm the 48 aygen atoms obtained from stackirg eigk: 
Pu% cubes. As 3xcess oxygen is introduced, $hat is, as R.1203+~ --? 
PuO;!, me would expec5 the cell side of the BCC Ptq~ phase to decrease 
due to the insertion cf ~XCCISS elecfr3-Egativity. Conversely, as Biz% 
apprcaches the ideai Type "C"  are earth stx-xture, the iccreased anioc 
loss shmLd resulcJ ic a wxz cell expansion. In our experiments large 
amounts of PqO3 vere seer, 0~2.y as a surface phase and were not repre- 
sentative of the O/Pu ratio of the sample bulk, hence one cannot plot PL,C~ 
"aO" versus O/h0 It v0ul.d be desirable to have a true surface O/Pr m-h.e, 
bu% as a substitute oce mayxse +,he relative quantity seez on dif- 
frac%ion patterns. Whelz "aO" is plotted ercent P;12O3 cc the 
sample surface, the iawrse of the slope hypothesized above is ab+aiced- 
The only plausible explanation for this lies in the cation sizes. SiPCe 

Pu'3 has a larger ionic radius th Pu+4, it would seem that in the P-2203 
3tmc%m, the ircreased catiorz dianeter would tend tc "fill in" or at 
least decrease in size the vacancies that are formed 5y s%ackicg the 
fluorite mbes and remviBg sixteen oxygen a%ams. Any oxygen which is naw 
added would fit -d%n difficulty intc the lattice and would cam? an over- 
all volm expansiors. Thus, the Pu2O3 "aOftwoUld increase as O/Pu-> 2.Q. 
From this i+, is gpecldated that the Puo;! arrangemnt is a fairly stable mt 

while the Type "C" P-29 is +&e major defect struc+,ure ad acc3mts for the 
increased mygm loss as O/Pu ratios diminish. 
lG@ Pu29 gives a lattice parametor of 10.971 A; however, it is doubtful 
that Pi203 oxls~s at th5 ideal @/PU ratio of 1.50. 

Extrapolatsing this plot $0 
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The existence of an oxygen rich Puo;! strxtuze has oeen found in a specimen 
of Pu% powder heated to 1000 C in oxyger. During heating the sample 
actually lost weight due to the liberation of surface adsorbed gases. 
back reflection x-ray pattern was obtained using a silver internal standard 
and Seeman-Bohlin focusing on the Fu$(444) plane. 
paramter was 5.38 2 f 0.0 08 A compared to the usual 5.3960 A. 

of- excess oxygen on the contraction of an MO;! type (fluorite) structure 
should be nearly the same. 
found by Hering and Perio to the case of Pu@, the composition R102.091 is 
obtained. 

A 

The resultant lattice 
Since the 

ionic radii of Pud acd fl f? are 0.86 A md 0.89 A, respectively, the effect 

Applying the slape of the a, versus O/U plot 

LBttice thermal expansion measurements on low temperature calcined Fu0;l were 
abandoned because of excessive crystallite size line broadening. This re- 
sulted in weaker x-ray diffraction line intensity, as well as making loca- 
tion of the center of each line less precise. 
be continued with a well-sintered sample of Pu$. 

The measuremnts on Puo;! will 

Plutonium Carbides. 
melted PuC-UC alloys has indicated that increased additions of UC tend to 

A series of experiments during the past month on arc- 

suppress the quantity of Pu2C3 forrned upon passing the FuC peritectic 
temperature of 1650 C. 
occurs with slightly greater than 25 w/o UC. A striking illustration of 
the PuC peritectic reaction was seen in a sample quenched from 1800 C in 
VSCUUIP. The surface of the Arc button was deeply pitted and had reacted 
with the crucible while three FuC-UC alloys in the same run were unchanged 
in appearance. The PuC and Pu2C3 decompositions were observed at 1650 and 
2079 C, respectively, which is in excellent agreement with LASL data. 

Complete stabilization of the FCC PuC-UC structure 

A series of nine PuC alloys containing from 40 to 65 a/o C has been prepared 
by arc-melting metallic plutonium + carbon pellets. 
being ground with a diamond wheel under CCl4 to field samples for the de- 
termination of the mom temperature composition limits of the defect PuC 
phase. 
standard will be used for analyzing Brag@; reflections at 20 > 

These buttons are 

A Siemens back reflection integrating camera and a platinum internal 
140°. 

Preliminary values of the lattice thermal expansion of PuC and Pu2C 
bee 

0.5 mn quartz capi 
camera. 
tamination of the interior of the vacuum chamber. 
outside the vacuum chardber does not become contaminated. 

have 
obtained up to 780 C. The e ansion coefficient of R2C is 10.8 x F z 10' ff /C and of Pu2C is 14.8 x 10- /C. The samples were contained in 

aries mounted in the high temperature x-ray diffraction 
At a higher temperature the capillary fractured, requiring decon- 

The film cassette, 

Plutonium Silicides 

A plutonium silicide has been prepared by two means. 
mechanically mixing the reactants according to the following equation and 
heating in a vacuum resistance furnace for one hour at 1400 C: 

The first consisted of 

PuO;! + 2 Sic __a Mi2 + 2 CO. 
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The second nethod w3s by arc-meltiq a stoichiometric mixtux of dpha 
piutorium and silicor, metal under a static blanket of argon gas. X-YEL~ 
diffractioa data were substarhially in agreewnt with those reported by 
Runnals and Bouc‘ler on She ASTM diffraction data card for beta plmonirm 
disilicide. The products had a metallic gold luster, were quite briftle, 
and exhibited pyrcqhoricity. 

Elutonium Oxide-Zirconiuin Oxide Systen. 
positions have been uecched in water from approximately 900 C: 
64, 80, 90, ad 97 wyo Zr@. Specimen form was generally that of a 
right cylinder 1/4 izch lcng and i/2 inch in diameter. Data concemiw 
high temperature equilibria were not concltlsively determined due tz the 
quenching rate aodjor the quench temperature being too low. Specimec 
integrity was affec5ed ~rj li2tle bg the thermal shock OG quenchixg. 
few hairline cracks vere observed, bit there was no chipping or dis- 
integration of the pieces. 

Specimens of the following em- 

Pu%-62, 

A 

Flutonium Oxide-Magnesium Oxiae System. Investigation of the solid phase 
relationships occurring in the systexn h@-MgO havk recently beer_ icitiated. 
Nine diffsrent compositions az L,eo percent intermils between the limifs of 
the pure componerits were pressed into pellet form and soaked for twenty 
hours at 1550 C in helium. 
with compositicn extending from 10.65 gm/cc (92.8 TD) for pure Pu% to 
3.18 dcc (88.8 ID) for pme NO. 
setting resin and gro7md fLat for x-zay diffmctometer examinatlor_, 
resulting scans showed for all cmposifians, oniy the pure MgO m-d FuOz 
structures with no eedexe of in-kermediafe phases. 
of m0 and Puo;!, as determined from an average of the a3 from the three 
highest reflections,wzre for each coaxposition near the accepted values of 
4.U3 and 5.396 A, ressectively. 
between the two phases. 
carefully for signs of soPJbiiiY1 at C,ke terrmnal compositions. 

The siztered densities decreased wiformly 

Tnese pellets were moun5ed ir, a cold 
The 

The laktice p;2pmezcs 

This indicates no solid solubility 
I% is preser,tly piaansd, hcwever, to look mare 

4. u@ FIIELS RESEARCH 

Vibratiocal Ccmpaction of UQ. 
tubing whicki was deliberately faiied during vibrational compactlor- revealed 
no hardness increase in the fracturz mne, which was aear the weld. 
ever, the ePWreme cozditicns, which brought, about the failure did cause 
the interior surface near the fracture to become covered with a black 
(presumably oxide) layer, If a,ppreciable mygen or nitroger: diffmion 
into the tube wall had taken place, the metal would have become harder 
and more brittle, and thus more notch sensitive and more susceptible to 
fatigue failure. The hardness had not increased, indicating that little,, 
if any, oxygen or nitrogen contamination actually occurred. ApparenYLy, 
the fuel rod temperatures and times at temperature encountered durlng 
vibrational compaction sre zct sufficient to result in appreicabie at,mos- 
pheric con5anina5ian of the claddicg: even under the mos5 extremz vtkra- 
tion corditions. 

Ificrohardmss surveys made cn Zircaiq--2 

How- 
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Thermal Cocductivity of UO2. 
were made at BMI 02 irradiated (3.48 x ld-9 nvt) and non-irradiated (die- 

FU rneasuremnts of thermal conductivity 

pressed)U% specimns. The source of discrepancies in previous data from 
the irradiated specimen was discovered to be a faulty themcouple. 
final curve of conductivity versus temperature lies below that previously 
reported and shows a reduction in thermal conduc-ci-vity with increasing 
irradiation at 

The 

teqeratlnes ap to 600 C. 

Thermal conductivity measurements in the con-irradiated UQ were extended 
to 1400 C. 
increasing temperature. 
repeated measurexnen3.s made theredter yielded values about 1$ lower at 
all temperatures. 

Data define a curve of continuously decreasing values with 
Visible cracking occurred at about 1200 C; 

Work was begun on thermal and electric& conductivity measuremnts on U@ 
irradiated to 1.52 x 1029 nvt. Non-irradiated Uo;! being grepmed for 
nreasurement of thermal conductivity includes a large single crystal and 
spec-ns prepared by vibrstory coqactioc ad by isostatic pressing. 

High Energy Imp act Forming of UQ. 
employed to densify depleted Uo;1 for vibratory compaction in a prototype, 
nested tubular fuel element to be irradiated in the Em. The material is 
compacted i~ a conventional impact-fm&q die in stainless steel cans 
which hold approximately one paurzd of U+. "he cans az-e heaced to UOO C 
before compaction. The bulk density obtained with this particular starb 
ing materia is 97-55. 

High ezergy impact forming is being 

EighdTemperahzre mcroscopy Studies. Facilities suitable for storirg, 
preparing, and examining small irradiated specimns of U0;Z for high 
temperature studies in the 325 Building have been arranged. 
of a small cave shieided by six inches of lead and equipped with a pair 
of Argonne model 7 mas+,er-slave inanipulators. 
Uo;! having eight different. exposures were transferred to +,he ca-e and 
preparation of microscopy samples was begmi. 

These consisf 

Ten-gram lots of irradiatsd 

Electron Micrcscogy. 
Specinens being studied involve polished and etched surfaces, cleavage 
surfaces (3y zqlication techuiques) and "chips" and solid surfaces (by 
direct transmission and reflection nethods). 

Examination of single crystal (fused) UQ conknued. 

It was fad tbt regularly shaped implressiacs with a 
of as little as 10 microns can be aade with a Won micr=lhardness tester 
and used as "standanl impressions" for observatims through the electron 
microscope., 
characterized surfaces and for providing directiona7, references. 

dimension 

These Kill be of use in relocating specific areas of pre- 

Information Exchange. 
at the eleventh meeting of the High Temperature Fuels ConmLttee (held at 

Hanford studies on ceramic fuels were summarized 

General Atomic, Jan& 10-12, 1960). 
to obtain additional specimerx of high 
Bettis and KAPL for examina+iot iz the 
microscopes. 

- 
preliminary arrangements &re made 
burnup ( > 100,000 W/T) UQ from 
CFDO high temperature and eiectron 
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US/UK Rssearch Newsletter No. 10 on Uranium Oxides was compiled, duplicated., 
and distributed to the information exchange participants in the U.S. and 
the U.K. 
ceramic fuel basic studies and technology reported from sites throughout 
the United States. 

The newsletter has grown to 54 pages in which are described the 

Eaiting and obtaining participant approvals of the record of the second 
US/UK U% Infomation Exchange hketing (Word, Oct. 25-28, 1960) are 
approxima5ely half completed. We are now awaiting approvals from Hamell. 

4. BASIC EXELLING STUDLES 

Irradiation Program 

Capsule No. 7 containing three hollow, split uranium cylinders is awaLting 
irradiation. 
irradiated. 
examination while Capule No. 6 is in the reactor discharge basin to ?errnit 
sufficient radioactive decay prior to shipment for disassembiy and specilllei 
examination. 
bench testing under simulated reactor conditions. 

This capsule Kill be the fourth of the zwxrent series tz be 
Capsdes No. 4 and 5 are in Radiametallurgy for post-lrrcdiation 

Capsule No. 8 is completely assembled and currently awaits 

Pore Size and Distribution. 

Optical and electron microscopy are being used as a direct means of deter- 
mining the size and distribution of pores in irradiated uranium. Replicas 
of uranium wi%h burnups of 0.29 a/o and 0.41 a/o annealed at var, ious times 

and temperatures have been rephotoLraphed, and the pores ir, "random" rrticm- 
graphs are being remeasured with a Zeiss Particle Analyzer. 
of work previously performed is necessary since previous measurements were 
insufficient in number to give a good estimate of the pore frequency dis- 
tribution which existed in the entire specimen, and previous measurement,s arA 
subsequent analysis of pores did not provide adequate resolution 3.mcm.g sinall 
pores. 

This repetitiox 

Fission Product kb ilitv 

A knowledge of the mobility of rare gas fission products in uranim is 
important to the understanding of the basic mechanisms underlying the 
swelling phenomnoa. 
inert gas introduced into the surface by "glow" discharge and U-U dif- 
fusion couples are being studied under conditions such that one part of 
the couple contains a large concentration of fission products while the 
other part contains little or no fission products. 

Uranium specimens are being examined that have had 

Restrained Irradiations 

In-reactor swelling experiments of Zircaloy-2 clad uranium fuel rods with 
selected uranium temperatures, cladding thiclmesses, and exposure are beir4 
conducted employing NaK-filled, +,emperatwe monitored capsules. 
swelling capsules, GEH 14-94, 14-95, 14-99, 14-104, md 14-105, are 
presently being irradiated in the MI9 to various goal exposures. 

Five 

Ekpostrres 
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a average center tlra;niumten;peratures for the fuel rods in these capsules 
through MCR Cycie 149 are, respectlvely, 0.07, C.17, 0.31, 0.59, 0.52 a/o 
and 575, 500, 290, 600 and 335 C. Five capsules have now been discharged 
frmthese MI% tests and will be examined in Radiometallurgy during the 
succeed- months. 
1.6 percent enriched uranium rods coextrusion clad with Wrcaloy-2 and 

irradiated in capsules at Word to 0.14 a/o burnup. Volume increases 
are in the range from one to two percent at urariun temperatures from 425 
to 490 C. CaLculated R values are between seven and fourteen. 
that density measurements will give more accurate R values. 
capsules fromthis same series of testa are now being opened at Radio- 
metallurgy. WasweEnts of volume changes will also be made on these 
fuel rods. 

Dimensional aasurements have been made on three 

It is hoped 
Seven other 

IIT-REACTQR MEAsuREbWI!S OF' MECHANICAL PROpERTlES 

&-Reactor Creep Bkasuremnts 

Operational performance of the second generation creep capsule in the 
reactor has shown 8 critical weakness ir the thermocouple assemblies used 
in the cagsule. 
occurred when the reac+,or shut dawo after the capsule had been operating. 
At that time the teqerature drop caused two of the six thermocouples 
mounted on the spec-n to fail. However, the problem was not considered 
serious since duplicate thermocouples had been provided on the specimen 
and the teqerature could still be monitored. 
cycle the texpera%ure was larered 50 C) ad two mom thermocouples failed. 
Analysis of the tkermocouple failures indicate that the failures mcur in 
the insulators through the pull rods. One of the remairiing capsules is 
being thermally cycied in the laboratory to confirm the analysis before 
the capsule is modified. 

The first indication of wealmess in +he thermocouples 

During the next reactor 

Capsule and Instwnt Development 

Bib have beer. rscei-d for the construction of a series of third genera- 
tion capsuies. 
documnt , HW-67~83, "Specifica+,ions for --Reactor Creep Capsule. " 
Selection of vendors was based on technical competence and price. 
specificatims for the third series of capsules caXL for extensive 
sirrrpliflcation in the cocstructiai of the capsule while re%alning the 
reliability an2 accuracy of proven methods and techniques used in the 
first two capsules. 

AE vezdors stated cqlimce with the specificatioc 

The 

Pre-Irradiation bhterial Characterizatim 

basuremezlt cf the activation energy for creep of the Wrcaloy-2 scheduled 
for in-reactor testing hs continued. 
calculation of ac5ivatian energies are being conducted on araealed 
Zircaloy-2 a% stresses of lspOOO psi and 20,000 psi, and on 20$ cold 
worked material at a st,=ess of 35,000 psi. 
calculated from the creep rates immediately before and inmediately after 
an abrupt temperat-me change. healed ZircdDy-2 at l5,oOpsihas sharr: 

Creep tests giving data for the 

The activation energies are 
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little change in creep rate with abrupt temperature increases of 15 C 

in the temperature range 200 to 272 C, indicating an ac5imtlon erergy 
of zero cal/g-mole. The activation energy for the 26 cold worked 
material. masured at 209 C was also found to be zero. Sufficient da5a 
for the calculation of activation energy of annealed Zircaloy-2 at 
20,000 psi are not yet available. The zero value of activation does 
not require the total creep strain or minimum creep rate attained in 
creep testing Zircaloy-2 to be independent of temperature. Creep is a 
complex deformation process at temperatures below the dislocation ciimk 
region and effects other than thermal activation play important, rolcs. 
Creep data from other sites indicate the total creep strain and minim 
creep rates are considerably less temperature dependent at tempera5nes 
belaw 300 C than at temperatures higher than 300 C. 

GAS-GRAPICITE STUDIES 

EGCR Irradiation 

The H-3-2 experiment is operating satisfactorily in the secood cycle of 
irradiation in the GETR. 
(E > 1 mev) in the GETR core near the experiEnt has been determined. 
This was based on the cadmium covered sections of the nickel wire 
stretched vertically along the F-3 position and irradiation during 
Cycle 15. An effective thermal absorption cross section for CO-58 of 
-,7:'3 barns was calculated from the same wire. This is the mean val~e 
required to correlate the results fromthe bare nickel wire witn tLclse 
fromthe cadnium covered segments. 

The full cycle, longitudinal flux distribu?io_r, 

EGCR Combustion Hazard Evaluation 

Tests were corducted recently in the EGCR burning rig with a nm-reactrve 
core installed to simulate silicon carbide coated fuel sleeves. Da%a 
indicated with an air flow of four lbs/hr self-sustsmea conibustion ihd 

not occur at graphite temperatures less than 600 C. 
from previous experiments are presently being used in a computer ar,a17jsi-: 
of EGCR hazards by OIWL and Allis Chalmers. 

These da3a and data 

Upon completion of exper-nts with the non-reac+,ive core, the rig was 
disassembled and modified to accommodate testing with a mockup of ax EGCR 
lattice unit including dunmy fuel elements, silicon carbide coated fuel 
sleeves and actual EGCR graphite for the moderator. Full size coated 
sleeves were received from ORlL and inspected before loading into the 
burning rig. Borescope photographs of the inside of the tubes were de., 
These will be compared to photographs of the same spots after the Surnirg 
bests. 
calculated reactor heat flux decay function into the heater power* 

Wifications have been made to the burning rig to progran the 

Effect of Temperature on Radiation Induced Graphite Contractions 

A combination of the results fromthe GETR H-1 and H-3 experiments gives 
a reasocably complete description of the effect of irradiatior: temperaC,ue 
on the contraction rake of nuclear graphites. In general, the transxrse 
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contraction rate goes through a broad mini.rmlm between the temperatures of 
650 and 950 C with the least contraction occurring at approximately 800 C. 
Needle-coke and CSF graphifes show %he s- effect but differ in magnitude. 
The contraction of needle-coke graphites (similar to EGCR or NPR specifi- 
cation material) is approximately 0.6 of the CSF (L ) rate at all tem- 
peratures. The results are shown in the following table. 

CONTRACTION OF NUCLEAR GRAPHITES AT HIGH 

Irradiation Rate (arbitrary nits ) 
Temperature, C Needle Coke Graphite (L 1 CSF (A ) Both Graphites (It ) 

450 
500 
600 

700 
800 
900 
1000 
UOO 
1200 

0.055 
0.040 

0.315 
0.012 
0.014 
0.021 
0.038 
0. qo 

0.023 

0.085 
0.065 
0 - 035 
0.022 
0 D 020 
c 025 
0 035 
0.060 
0 .loo 

0.155 
0.124 
0.065 
0.050 
0.060 

"arbitrary" units above represent contraction in terms of percent per 
nvt (E > 0.18 mev) with the dose estimated from computer calculations. 

The existing foil activation measurements indicate that the neutron dose 
may be less than calculated; perhaps by a factor of two. 
etical calculations and using available spectra data, l& nvt (E > 0.18 mev) 
in the GETR E-7 position is equivalen3 to 7500 m/AT in the EGCR. 
an "arbitrary unit" of 0.01 is believed to represent a contmction rate 
between 0.0013 and 0.0026% per loo0 ~/A!J!. 

Based on theor- 

Thus, 

Oxidation Inhibitor Studies 

An investigation is in progress to test the effectiveness of chlorice as 
an oxidation inhibitor in the presence of ionizing radiation. 
the gamma irradiation facility demonstrate the ability of chlorine to 
reduce oxidation rat,os to about the same extent as in the absence of radi- 
ation. 
for thermal oxidation inhibition applies in the case of oxidant species 
activated by radiation. 

Test;s in 

ESrperimnts conducted in ozone indicate the rate law developed 

Oxidation Studies iz the cobat-60 Irradiation Facility 

A test was started in two identical glass loops in the cobalt-60 irradiatinn 
facility to determine whether gamma radiation promotes a reaction between 
carbon and nitrogen at 670 C. Samples are subjected %o the sam? temperature 
and gas flow rate, the only difference being the gamma -tensity which is 
9 x 1d rad/hr in one loop and 250 rad/hr in the other. Because a graphite 
weight loss was observed during the first 72 hms due to oxygen impurities 
in the nitrogen, a gas purificatian system has been added. 
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.The effect of gamma radiation on the reaction of small amounts of water 
vapor (-0.1 m Hg) with graphite will be investigated using a recolvli,n-e 
balance in a third glass loop. 
with the temperature controller and saturable reactor; 

This test has been delayed by diffic-ilties 

Surface Complex Studies 

Attempts to demonstrate the chemisorption of surface oxides on small 

graphite samples by measuring weight changes have been unsuccessrul, 
All weight gains are observed to result from physical adsorption of $he 
reactive gases errrployed, even under conditions where oxidation, whick 
requires chemisorption, occurs. 
used in these experiments is such that an upper limit for chemisorptloc 
of 1.4 x 1017 sites/@ can be set for the reaction: 

However, the sensitivi%y of the balarce 

Cf (free si’tes) + Co;! ,-) C(O)(chemisorbed) + CO. 

Gas Loop Project Management and Design (Project CAH-822) 

An extension of the project completion date to September 30, 1961, was 
requested by Revision I11 to the project proposal. 
completion date, over-all construction is 55$ complete versus 6@ 

* scheduled. The Head Mechanical work (auxiliaries and service piping., 
J. A. Jones Subcontract JAJ-73) is approximately 96 complete versus 
95$ scheduled. 
tively scheduled for the first week of February dependent on PRTR st&xp 
scheduling 

The date of delivery of the main blowers by Bristol-Siddeley, Ltd., remirs 
indefinite. The contractual delivery dat.e was about one year sgc. 

Based on the June 30 

Lnstallation of the ex-reactor section package is tenta- 

Component Testing. 
about twenty hours. Wimum temperatures achie-Ed were 1,500 F heater 
temperature, 1300 F inner shroud temperature, and TOO F pressure tube 
temperature. 
calandria shroud tube or top and bottom shield tubes and with aboat 
180 Po-ads per hour of helium in the cooling a.nnulus. At lower tempera- 
tures, helium flow was kept as low as 80 pounds per hour compared with a 
design flow of 200 pounds per hour. 
during the last run, the heater shorted out and burned two cf the cm- 
ductors in two. !&e heater was removed from sersice and is being 
repaired. 

The gas loop in-reactor test section was 1z1-”, for 

These temperatures were achieved with no water &,-ound the 

At about 1500 F heater temperatux 

Operation of the diaphragm compressor was stopped for instaJlatioIi af 
additional safety circuitry and addition of an on-off cycle tiaer. 
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7. GRAPHITE IRRADLATIO?4 DAMAGE STUDIES 

Flux Dependence of Radiatim Daslage 

Four capsules containing a total of 12 samples were charged in the MTR 
at the beginning cf Cycle 151. 
ments to determine the flux dependence of low temperature radiation - 
damage in graphite. 
tions in previous experiments are now thought to be substantially in 
error. 

This is a repetition of previous experi- 

A repetition is necessary since exposure determina- 

National Carbon Compa~y Research and Development Contract 

The third lot of samples were discharged from a hot +,est hole af'ter an 
exposure of 852 WD/AT. 
of CSF wd samples of TSX, IVPR core graphite. The TSX samples are from 
Bar 152, and a statistical analysis of $he x-ray data from this bar and 
from other bars of TSX has indicated that Bar 152 is less well graphitized 
than other TSX bars which were guaranteed for 3000 C heat treatment. Data 
for samples in this irradiation are found in the accompanying table. 

Included in this irradiation were control samples 

Length Changes After 852 W/AT 
Ekposure at About 550 C 

Graphite 

TSXA (Bar 152) 
II 

CSF L 
I\ 

+O e 015 
+o .005 

+o e 016 
+@ 314 

Tampblack - -0.13 

Hot workedL 4'' sampie 
\I 2" sample 

+a. 001 
-0.012 

8. SPECIFIC FUEL CYCLE ANALYSIS PRCGRAM 

Concergtual Design - Fu51 Elexwnt Fabrication =ant 

A meeting was held Jar?uary 16, 1961, to discuss and resolve comments OG 

the first draft of the process description and preliminary computations 
part of the study. Several pertinent comments were offered, among them 
that ordinary %oleraces suffice for tubing for vibration-packed oxide 
elements, and that *Le conxplicatiocs attendant upon zirconium end plugs 
in contact with uranium Qxide in the high flux zone or the reactor reduce 
or cancel +,he advantages Qf segmntal charging obtainable witn shorter 
than full core length elements. The process has therefore been revised 
to eliminate resizicg arzd straightening of tubes, and machine sizes are 
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now based upon 10.06-root tubes in numbers about half those prsvioualy 
calculated for five-foot tubes. 
numbers and sizes are now being prepared. 

mant layouts based upon the r,ew machice 

SUPERCRITICAL PRESSURE VATEX REACTOR STUDY 

Pursuant to establishment of the ground rules by the Division of Reactor 
Developnent, Atomic Ehergy Commission, that the conceptual design of a 
Supercritical Pressure Water Reactor be an H20 cooled, 300 We unit, 
studies have been undi:rt,aken to determine the type of moderator, turbine 
cycle, coolant operating conditions, and contaiment philosophy that will 
produce the most economical power generation. 

Initial studies have issued in the selection of a thermal neutron spectm 
because of the poor neutron economy in the epi-thermal region and spectrm 
degradation in the fast region resulting from the H20 coolant. 
three types of moderators are presently under consideration: iight watilr, 
heavy water, and graphite, While present evaluations are not sufficienfly 
complete to permit a choice, the following factors are worthy of note: 

As a result, 

1. 

2. 

8 

3. 

The heavy water moderated reactor is attractive from the 
standpoint of reduced fuel cycle costs (possibly a quarter 
mill less than light water moderated reactors) , but the 
cost of the heavy water may be as high as five million 
dollars. Other items being equal, a quarter mill fuel 
saving would make D20 competitive at a price of about four 
million dollars. 

The light water moderated reactor is attractive from a low 
moderator cost point of view, but pressure vessel diameter 
limitations (about six feet inside diameter), or difficult 
piping problems with small lattices and pressure tube - type 
fuel elements, may severely limit its potential. 

The graphite moderated reactor occupies a mid-position 
between heavy and light water with respect to cost (about 
one million dollars) and fuel cycle costs. The magnitude 
of graphite cooling and hot graphite-steam reaction problems 
are unknowns at present. 

As far as turbine cycle considerations, it appears that each percent i2- 

crease in thermal efficiency will permit one million dollars in direct 
construction expense (for a given kwhr cost) so that considerable optim- 
ization of the cycle is warranted. 
preheat thermal cycle with high coolant temperatures appears desirable. 

On this basis a double reheat, manifold 

The question of where to enact containment on a direct cycle supercritical 
pressure reactor of large size presents problems. With two turbine gener- 
ator units 125 feet long by 20 feet wide, one is prone to place them ex- 
terior to a more conventional containment vessel and place contairslent 
valves in the steam lines, or conversely, to use a pressure suppression 
type structure and place the turbines alongside the reactor and minimize 
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piping runs. 
pressures may pose a significant problem. 

The information deveioped on the supercritical pressure reactor concept 
to date is of a very prelimirsry nature acd caution shouid be applied to 
the tentative corsiderstions presented here. 

Obtaking zor;tai?mgRt valves to close agaicst supercritical 

D. RADIATION EFFECTS CN M3TAI.S - 5OOO PROGRAM 

Radiation damage recovery is being studied for a number of metals, nameiy, 
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless 
steel. A series of isochronal meals are being perfomd on irradiated iron 
in order to determicz the effects of varying impurity levels on the occurrence 
and magnitude of the various recovery stages. 
trated on samples with exposures in the range 2.0-4.3 x l& The samples 
vere originally inacliined from three ingots: 
md 60 ppm oxygen; irigot 2 caotained one ppm nitrogen and 130 ppm cxygen; acd 
ingot 3 contained 13 ppm aitscgen and 200 ppm oxygen. 
similar recovery stages with slight variations in the temperatures at which 
~raxirmun recovery rates accurred. 
12 the eiectrical resistance tempering curves than in +,he microhardness 
c?rJes. 
iocqlete, but it appears that a: exposures of a proxiaately 1 x 1C20 nvt, 
there is onl nvt4 there are three; at 

stage with indicatians of a secmd. 

Isothermal meding at 550 C sf zirconium exposed to 1.5 x 1So nvt has 
disclosed the fact that the parameter recovers rapidly while the C, 
pazasleter increases rSpidlJ, Then decreases (a25er 10-15 minu%es at 
teqerature) and increases again to the my recovered value d5er 20 
rhi5es sC, teqeraturs 
,;I? five to ten mFmtes, indicating a general shrinkage in the EOGg 
direct i or.. 

being coccen- 8= The studies 
nvt. 

izgot 1 contained one ppm nitrogen 

All specimens have shown 

As eqected, the effect is more prozounced 

The effect of exposure has also been studied. 

one recovery stage; at 3 to 5 x Id. 

The data are still 

8 
1 to 2 x l@ B nvt, there are two stages; and at 1 x 1W7 nvt, there is one 

The C/A rs;t,io decreased 1 .?$ in the time irserval 

rn- 
rr=iLsile r,es+,s at eieva5ed fexperatms have bee2 perfomd 0x1 irradiated 
mclyMe??.um speciaeas. 
(1) at tezupt?ra%ures below 500 C, inmediate reloading after a pre-strain of 
1% zzwlts in a decrease izl the fluw stress; (2) aging for two tc four hours 
at the test temperature (300-500 C> causes a marked increase in the flow 
screas; (3) at tempemtxres from 3GO-5OO C, initial yielding is immediately 
fcllared by an almost instantanecus dr~p-in-load cf 20 to 35%. 
*op is accompanied by the production of an offset in the specimen along the 
piae 3f lllEurimum shear (453). 
sees; to consist of extrenaelJ deformed grains with a heavy density of slip 
baxids rougbly parailel tc, the plane of the offset. At a distance of 1/4" 
€'.pa the deformatior; band, the grains are relatively undisturbed and the slip 
lsm3 density is several orders of magrAtude less. Cross slip has been ob- 
s%?v?d, icdicating '&at at least two slip systems are operative. It is not 
hntswn whether this behavior is due to an inhibitioI: of some slip system by 
radiation-iriduced defects or to a prcnouzlced texture in the specimen. Pole 
figures will be obtaiced tz determioe the texture of this material. 

Several general observations ham been made: 

This load 

The deformation band along this offset is 
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E. CUSTOMER W@RX 

Radi ometal2ugy SerTri ce 

No indicatioc of a leak though either veld has been found in the It43 ki;. 
failure (1656-c) >or was there my evidence of spire cracking under +ne 
female cap. What apgeared to be an inclusion was found in the spire ?raL 
and is most likely the cause of the failure (RM-412). The point of Trazer 
entry ir: the :&E hole failure ($584-W) was a small hole in the male weld 
connecting with a large void in the outside braze layer (RM-415). A tl;ir.d 

IeeE hole failure (1471-XE) was sectioned through the rupture at tk femk 
end. 
approximately 50 mils was measurPd near the center of the elenent. 
of mud cracking was ncted on the outside edge of +,he uranium core (RM-417). 

The point of water entrj has not yet been found. Ellipticity sf 
Frider-c? 

bk! t all ography Semi c e 

A stain e5ch has been developed for '=e on zirconium-bervlliun dlT~:;-s that 
produces high contrast between the alpha zirconium grains and the grairs 
of ZrBe2, which is the second phase przsent in the braze alloys ct~r:-e?tlg 
under study. After ini%ial pr2paration by either mechaical or cheinlcd 
polishing, the sample is dipped for about me second in the atsic et-ch wkick- 

consists of 2$ HF, 3% HNO3 and 94% ethyl alcohol. 
will produce a brow- stain on the ZrB2 phase and leave the alpha zircorilux 
bright. 

Sections of the cracked atairiless steel KER Loop 4 tube were examined t,o 
determine the cause of failure. The initial failure occxrred a few inches 
downstream from the water inlet from the heat exchanger zmd almost direc+.l?, 
across from the feed makeup tube. 
surface of the Tube pscgressing both longitudinaliy an3 cir3miierEntXilY I 

hWXLLographic sections throughout the failure area shaw that +h=se cr8ck.s 
propagate mansgranularljr through the wall of the tube axd are of' -wiatjk 
length. 
area or abut sixteen ixhes upstream. 
exist bu? the direct csuse has not been determined, 

A prqerly Etched satnplc 

Numerous cracks are evideat 01: the 2nside 

No cracks exist either seven inches downstream from the affectel 
SeXrdL possikk mctdes of fzi17m 

Transmission electron diffraction patterns of specimens prepwed from CSF, 
resin-impregnatzd graphite have been analyzed. 
basic structures which are markedly different have been observed. 
type could be described as a bundle of longitudinally striated fikers or 
parallel plates when viewed from the side. Within the observed field at 
40,000 magnifica+ioL, a one microc. area vas selected for electron diffsactior,. 
An andysis of the diffraction pattern shows me wz and 004 reflecticm tc 
be highly preferred with two-fold symmetry, 
the 101 is present and has a random intensity diskributioc. 
tion it is horn +,hat %e electron beam is normal to the c-axis and the thiri 
film. E1ectron micrographs of the second type have irrernarly shap?d 8reas 
that, give the appearance of grains with well defined bomdaries. 
area electrm diffraction patterns from these regions resuit in %te presence 
of a few oblique rings along with circular rings. 
004 reflections are n.ck present. 

Electroc micrographs of tbTG 

TEe first 

The iw reflection is Li5c6r-t bu:. 
From this infmm- 

Selected 

On analysis, the 302 m-d 

The 100 reflection is prescrst and shms 3. 
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Light pzefersnce f~i- two-fold intensity distribution. 
portia of an 03lique ring. 
striking the c-axis at an oblique angle. 
betveec 430 and 630 for the specimn in OU study. 

&e of the principal problems in studying the zirconium foils by transmission 
dcrscopy is sample preparation. 
cold work or irradiation damage. 
r3r remove damage. A technique to thio out zirconium metal and permit tram- 
nissi~c electron dcroscopy is being developed. 
mchanicaL polishing and chemical or cathodic etching. 

The 101 forms a 

This angle is estimated to be 
PI-erious work has shown the electron beam is 

This is particularly true for a study of 
Preparation techniques should neither add 

The method consists of 

Samples Processed During the mnth 

Total Samples 851 
Total Replicas 39 

Micrographs 478 
hbcrographs 
Electrcn mcrographs 

122 

- 197 
797 

NE3 Charging Machiae 

Fsbrication of the four 14-foot rail sections is complete. 
kkese rail sections in 314 Building is 50$ complete. 
welded +,ruck frames and the nozzle adapter was completed. 
-.xck &eels is 56 complete. 
 ax?!, iiri-E is e5$ complete. 

Tes+isg ta dete,-mine the friction coefficient between the rubber drive roller 
fai the mgazine was ccmpleted and an informal report was issued. Evaluation 
2 -tLe electric eye and ultra sonic detection equipment is TO$ complete. 

-keLiminary desigps were prepared for the charging magazine support to span 
"C" aleva%or and the test apparatus for magazine taper to arrest motions of 
+J-.: fxe piston in the magazine. 

Installation of 

Machining of the 
Fabrication of the 

Fabrication of all the shafting for the cross 

2m Bilcws Test 

Ar %stiim&$e was.prepazed for flexure and vibration testing of NPR process tube 
gas sed bellows. 
7.kse fests. 

A work order for $4,000 has been received from IPD to perform 

Wager, Reactor and Fuels Research 
and Development 

UNCLASSIFIED 



f3e pile azd me 
in Table I. 
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The wet control rod had water both inside and outside the boron region. 
extrapolation lengths used were 1.7 inches side-to-side ad 1.4 inches front- 
to-rear. Thus the bucklings assume no change in radial leakage, which mounts 
to assuming that the flux distribution is the same as the flux in an infinite 
medium with rods, weighted by the cosine distribution of the fundamental mode. 

me 

Exponential Measurements of Large Diameter Fuel Elements 

The cofit canputer program used for analyzing horizontal traverse data has been 
modified to include fast source theory harmonic corrections. 
traverse has been analyzed wing the modified program. 
the extrapolation length calculated was O,7 inches; whereas, with thermal source 
harmonica the extrapolation length waa 2.0 inches. 
8 x 8 foot exponential pile loaded with tube-in-tube natural uranium fuel elements 
at a lattice spacing of 8 3/8 inches. 
the vertical axis of the pile. 

One horizontal 
With fast source harmonics 

The data were taken in an 

The neutron sources were clustered around 

IfPR Phase I11 me1 Element 
- 

A preliminary analysis of the thorium cycle in the Phase I11 N-reactor was carried 
out using the Meleager code. Conclusions were: 

1. Reactivity loss is not a limiting parameter on the length of an irradiation 
cycle. 

2. Heat rate declines more rapidly than reactivity, ad may become limiting at 
approximately two percent total atomic burnup. 

3. Optimum U-235 enrichment level was not determined, but the range 2.1 w/o to 
203 w/o is indicated as most pranising. 

4. Thorium metallic Are1 appears fram this study to be 8 very feasible choice 
for high-exposure operation, fran the fuel-cycle physics standpoint. 

Digital Canputer Programs for Reactor Analysis 

Develapment of 
code, FN, is continuing. Correction of sme input data errors has improved the 
ageement between HFn calculations and an exact solution to an infinite medium 
lrmltigraup thermal spectrum test problem. 
percent of the exact solution. In view of the special characteristics of this 
problem, this is considered excellent agreement. A few productiorr calculations 
have also been run successfully. Results of these calculations indicated that 
the mount of redundant HFlo output could becane excessive when several similar 
cases were run. 
tions of the normal output to be deleted. Provisions for calculating detector 
activities and activity ratios as a function of position are also bein& incor- 
porated 

the Hanford version of the multigaup neutron diffasion theory 

The BFn results are now within 0.5 

The code has, therefore, been modified to permit selected por- 



Im t rumentat ion 

me NPR prot&ype Beta-Gamma Air Mmitoi: rmains in satisfactory operstlon usiag 
a tmpmary meter-relay to replace tbe origizal poor quality unit. A new meter- 
relay is oil aergescy order &* will be irstalled when received. All tests to date 
02 *he prcrtatm ui%? which uses a traslsistoriaed log count-rata meter, have >sea 
mceessPiL. 

(1) Moore, 3. E. asd R1 K. Zeigler, "The Solution of %he Genera Sesst, S.quares 
Problem wit3 Qecial Refere%!@ to Eigh-Sgeed Ccmputem2'' LA-2367, March 4, 1963. 

Slt '2311082 
I--.--- - .. . 
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Technical support was provided to Equipment Developnemt, IPD, acd Lzstnmtentatic 
Design, CEWO, concerning NPR reactor instrumentation. Principd effort concemet 
bid reviews for reactor period monitors, log instmment-linearity, hole-coring 
problems in reactors, octant monitors, and period meters (CGI-806). Planniag, 
circuit details, and guidance advice was rendered on the foregoing. In adflition, 
recamendations were made concerning imprevement of the fJel failure detection 
gamma monitors (CGI-904) 

Several high speed transistors, avalanche transistors, and gennar,ium $me1 diodes . 

were tested for best possible rise time. 
fouod which would be an effective siibstitute for the -0 in fast timin4 eir- 
cuits. 
2&16 in 89 avalanche mode of operation. 
&O. 
the trigger pulse a.nd the output pulse is a strong f’unction of trigger prilse height 
and applied voltage. 
will be tested as soon 88 they are available. 

It was hoped one ar more types collld be 

The best rise time measured wa8 about three nanoseconds, ger,erated by a 

The 2&16 would be useful for many applications, except the delay Setween 
This time is about twice that of a 

The gallium arsenide tunnel diodes should be wite fast, and 

Fabrication of the experimental reactor pyraneter for moderator temperature meas- 
urement is nearly canplete. There has been a temporary delay in the work on t3ia 
Ut to allow for parts on order to arrive and to permit fabrication on other cw- 
taner work. A focusing lens snd viewer must still be designed and fabricated but 
the main unit has been fabricated and ody ~leeds assembly. 

Sane prelimirmy thatght wa8 given to a simple, dependable, hi& fipeed period and 
log level meter. 
plier e 

llnis device would use the princi2le of the fedbaek photaaarlti- 

Systems Studies 

The ISPR prinaary loop has been studied on fhe EWE analog emputer. 
prelimi3lary studies were made. The system was disturbed with five different ramp 
in reactivity and the temperature and power transients were observed usi-?g two 
different control systems for the pimary heat exchanger, and three different tem- 
perature coefficients for both water and metal temperatures. 

An analog program was prepared for about one-third of the IWR zecondasy low. The 
second- loop was divideii ilrto three sections to make the initial analog analysis 
easier. 

A series of 

The IWR preswizer system is still beiri studied 03 the GEDA computer. EhW- 
ccmputer run8 have been made far various pressurizer conditions to indicate that 
the temperature loop, yielding heat transfer through the pressuizer walls, has 
only a negligible effect on the rest of the problem; the 10- haa accordingly been 
removed, The canputer runs dso indicated that the liquid level controller has a 
significant effect on the pressurizer operatioq e.g., setting tie reset too high 
results in pressure oscillations about the setpoint which grow in amplitude. The 
fimJ cauputer ram have been designed to show, among other things, the effect of 
the liquid level controller on overall operating conditions. 

FQr Reactor Control Studies, the temperatwe-rod mmement data obtained earlier o- 
100-D reactor were studied briefly to detemine,the approximate magnitudes of tlx 
time comtazts involved. A considerable diffgience in the time responses of the 
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tauperatvze @ian;t;es $Le t; nmw.mes;ts of rod A) as campared to skose cf T.& 3, 
was zoted. The cause of this effect 'ass not been stxdied ?&her as yet 31.12 
to the press of otker mrk. ?ke time :o!lstats associated. with II;o-rPmenzs 2f 

rod A correspond r&her cl.cscly with those shum 5y +,be power-rate-of-rise 
tests. 
1CG-D reactor, will be wt or. the WE comguter in the near future. 
troller collsists of &I? eight point sampling system. 
preset limits, the associated rod w-FIl drive in or ou% a fixed amom%. 
will then remai2 statb- mtil the scmer returns to its taperatare ele- 
ment for asather neesurement. 

o2e sectiolz cf the eight sectioa reector coztroxer, proposed for tke 
This con- 

If any pobt is outsi5e the 
4!%e rcd 

The system viL1 be 8 modifie5 on-off ccjz.Zrclier. 

%e specificatiors for a medi-a-size digital process coxtrcjl cmp3er vere writ- 
ten and distributed to the canputer study grouz for carm?ezt. Xevinio?d 5ase5 01; 
these canments were bcicded in a secozld specificatiorz which uiU be x&.e tL2 
basis for a purchase requisitiox. 

Pl~tcml-irm Critical Maas Faciiity 

Minor Construction (3. A, Jorres ) Sersonnel 5ave coxstirmad work 011 ndi,Yi2ztims 
to the Facility prior to startup. 

As requested by the Critic& Mass Laboratory Safety Audit Council, a& by the 
AEC in their letter amhorizing operations in the Laboratory, a ventilztior. 
barrier p;aS bees imtalled across the exterior hallway betweec the mixi= rom 
and c-e roan; a waU arif door yere u3ed as re?iacen;ez% for ?%e Chisi2i barrier 
originally izlstUed. 
secondary coataimeat we& betweer, +,?le aiving rem 
1%. 

%is modification was reqyired ir, srder tg grmide 5 

fke ex%erior of fLe built- 

me process pipa chaage; k-re keen cm2letej. now; the li_n_es have beel: flmhed 
vith water and tested -&er pressure of 60 pour;i?s. 

Glove ports were kstaU.& ir, the critic82 experimexb hood, pump hood, mix- 
iag hood. 
pegative presmre of four imhes of water, the leakage rate ink0 the u?qer 231- 
tioa of the mixing hod was less than two abic feet/hour; the le&a.ge rate i=ltG 

the lover sectim of ftis L...ood, azCi the pmp hod were both less tb me cn5ic: 
f oot/hour . 
Some mc&ifi%ticri?s appear Zecessary to the air balance system itl order 5@ mai.1- 
tain the mixi-ng hwd at a aegati-re press= of one i~ch with respect tc I212 Tom. 
air, am3 the roan at a zega+,ive preseure with respect to the autside. 

A chain hcist bas beerz desigzei: ad constructed for izmtallatiol: ic the tap of 
t3e criticd experimest ~IOOC?~ 

.The 9xtn-g & mixing Lo& were tested f3r ti&%ness. Whes der a 

I234084 
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Sane difficulties are still being experienced with the operation of the valves 
in the suctioz header io the mixing hood; these valves have Been hard to t?ni 

an6 have a teDdency to freeze tight. 

Be-startup check aut of the plutokum solution handling system and of the con- 
trol instrumentation for the reactor assemblies was continued. Scram times for 
the safety and control rods were measured together with the flw monitoring 
instrument response times -. 

Comeritional nuclear instruments such as cat rate meters and ion chamber ciu- 

reat amplifiers are used in flux monitaring Channel3 for the Critical VESS Facility. 
Measurements have been made of the resgonse times of these instruments in order 
to estimate the delay which may be expected before initiatioa of a scram in the 
event of a nuclear excursion. I;? this sense, the respome time is measured as 
the time between irritiation of a simulated step increase ia *he flu level and 
the time of relay opening in the safety circuit controller. 
will follow delay due to further relay action, magnet release time, and actual 
rod falling time. 

(Full shu5dwn 

The lower limit to response time appears tc be a 30 mas. (millisecoada] delay 
fin the safety circuit controller on sll channels. 

The response time of the counting rate meters waa ir,itiated by turning 03 a 
pulse generator. 
scale. Tae$inimum respome time measured was 65 m.8. to 160 m.s. for coxt 
rates of 10 CPM or more. This time did not depend sn range switch setting, 
but did depend on the time constaot switch position. Lower comting rates and 
range switch settings resalted in longer trig times. FQr example: on the lower 
rangea, for step changes to as great a8 100 times IWJ scale, the trip time vas 
as low as one-half second. 

For two linear channels the trig point was set at 90% of Full 

On the log counting rate channel, the situation was essectislly t5e sae. 
minimum trip time as low as 45 m.s. could be obtained, but ocly with countiag 
rates may decades above the trip level. 

A 

The linear ion chamber current zbazxel wes 3. i3eckma Mdel Y elecTrcaeCer. 
With %he trip level again set at gOq6 of full scale, a test current scurce was 
used to Brovidle a step current charge. This instnanent was disappDinticgly 
slm. hflnimrlm trip times were one of four distinct values between 200 111.3. 
s.d. g00 m.s. 
for step changes to 10 times full scale. Larger mrrents did zot restiLt ic 
3korter trip times. The significant point is tha'; on certain r&%es, the trip 
time of nearly one secmd cwot be improved upon, even far veqy high fluxes. 

The values depended ugoc the range switch setting ani3 were attained 

me sther icm chamber channel wes a log scale instrument haviw a minimum 
trip time of 100 m.6. decade step 
change. 
especially in the lower end of the range, 
half decade above the initial currerrt. 

This value was attained only for a 
For s%ep changes of even two decsdes, the trip time was such h?.ger9 

(Five secon& for a trip level o~e- 

Bath log channels mentioned, have period trips. 
trip time was gratif'yingly short (45 m.s.) with the trip level set for 10 
secm5 periods. 
time delay of abmt 1.5 eecotlca mi-. 
remeamred, 

Far the latter imtrument, the 

Be cmm rate chamel had a peripi trip with a deliberate 
This is be4.q rmcnret3, and trip times 

I/ .- 
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The time for tke safety rod to fall has been raeasured with little Ziffererxe 
mer the prelimimry values reported last month. 
with k 5 m.s. RMS deviation. 
of the instrument respoase times a5cve) to the time the safety rod actxates the 
full in limit switch. 

The vahe obtaized was 270 m.s. 
T3is is the tine frm trip i;? aay channel (the ecd 

Control and Safcty Rod Calculations 

For the conduct of the criticdity experiments with plutonium solutions, it is 
planned to linit the control rod worth to values less than one dollar (aboufv 75 
cents) azd to 3ave tfie safety rod worth be about ten dollars. A series of sai- 
culatiow have Seen made utilizing the AIM-6 Ilarltigraup diffusion ccde (18 grmps:~ 
to define the rod rlimensioas for which the prescribed rod vorths are met. 

A diffusim c&Lculation would nonnally give very poor results for black or 
nearly black rdsj however, satisfactory results can be obtained by treating the 
rod as a free surface kavirtg tLe following boundary coniiition: 

where 
the it$ group. The values of 'i'i will be negative for an hternal bcradary. The 
extrapolation distances are chosen so that the flux sllapes in the medim SUI"- 

rounding the rod3 aze accurately defined. 

i ad ai denote the flux and extrapolation distance, respectively, of 

The safety rod calculations were made with the assumgtioz that the rods were 
black to thermal neutr0zi.s (ezlergies below 0.4 ev) and ay to neutrms abme 
the 0.4 ev cadmium cutoff. The method of E. R. Cohen(5 was ?Isel! to caldate 
the extrapolation diftance for black cylinders axxi the metha? of E. Davison 
and S. mhnericek(2) was used for grq- cylinders. 

The control rod was takeen to a stainless steel rod that was gray to rieutrors 
zf all energies. 

All calculatiom were ca.rried aut for a l3-inch diame%er bwe zylinder with 
the rds my instrteC. - 

N below. 
!!!he results of the calculation are given izi the table 

W 
c _. - 
Q 

COlrlTROL Al'U) SAFE!IY ROD WORTH IIV DOLLARS 

c3 Rod Radiua At Pu Density At Pu Density At Pu Density At Pu Dezsitjr 
(4 of 07 g/cc of 128 dCc of 258 dCc of 495 dCc 

0.5 (sor;trol) 2 -37 1.84 1.15 0 *79 
0.5 (safetyj 5.16 3.94 2.31 1.35 

1.GO (safety) 8.80 6.74 4.38 3 -4.7 
1.50 (safety) 13.13 io. 29 7.11 5 *a9 
2.06 (safety) I8.W 14.40 10.36 8.9 

0.75 (safety) 6.93 5.41 3 931 2, .06 
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It is to be noted fran the above results that a 2 cm safety rod will have a suf- 
ficient strength to serve Over the range of experiments that have been planned. 
However, the control rod will only suffice for plutonium solutions of higher con- 
centrations. 
the control rod. 
ing thicknesses to obtain the desired rod strength of about 75 cents. 

The 0.5 cm steel rod is the practical minimum physical lircit for 
It, therefore, will be necessary to utilize hollow rods of vary- 

PuCpPlastic Mixtures for Criticality mriments 

The 234-5 Development Operation reported on the results of further stability and 
gas evolution tests with PuQ-polystyrene canpacts; during a four week period no 
gas evolution was observed fran a sample of Pu@-polystyrene with a noaninal H/Pu 
atom ratio of 15, and a Pu content of about 1500 41 of mjxture. 

Current plans are to use FuOpplastic mixtures in criticality experiments with a 
split half machine to obtain data relevant to precipitates of PU and Pu@ 
slurries ., 

Orientation and Trainina Sessions 

In connection with plutonium handling operations in the Critical Mass Facility, 
a series of orientation and training sessions were begun to familiarize the 
operating stad'f with the contamination hazards involved in handling plutonium. 
The series consists of five sessions, each one hour in length, with one session 
each week. 
procedures. 

Primary emphasis is on contamination control and radiation work 

Data Correlation - Criticality Calculations for Nuclear Safety 

Several curves, representing properties of various homogeneous systems, have been 
calculated by means of the 9-Zoom nnrltigraup diffusion code (18 energy gro?rps). 
These curves include: Critical mass versus plutonium c ncentration for Pu-QO, 
Pu@-H@, Pu-u alloy, and a special Fu@-H20 slurry.(l? The range of concen- 
trations which were used resulted in neutron energy spectra in the range fran 
all thermal to all fast. Some difficulties were encountered in attempting to 
represent wach a wide range of systems with a single set of mltigroup Farameters, 
In the very fast systems (solid plutonium) it was necessary to modify the high 
elsergy transport cross sections 13 order to obtain agreement with the experimezltal. 
value of the critical ws. 

The difficulties with the 14-inch spheres of the P-U. proJect have now been re- 
solved, aad satisfactory agreement has been obtained between the calculated and 
experimental. results for the reflected sphere systems. Sune further checking 
with a more extended range of B/pu ratios and various poison coscentrations is 
in process, 

Critical parameters for Fu(& with a maximum density of 5 gm Pu/m3 me given in 
the following table. These CaLculations were made for Pu density - QO modera- 
tion relationship easured with pu@ from continuous calcination of plutonium 
nitrate solution. 727 

(1) Letter to P. F. Gast fran V. R. Cooper, dated January 20, 1961, and entitle, 
"Nuclear Safety - Consultation - Safe Cylindp,Size for Plutonium Oxide." 

(2 1 €Io W. mocker, "234-5 Developnent Operation,rPrivate cnmmmication." 

' 1234081 



B- 9 HW-68350 -. J 

TABIJ3 I 

s 
Rat io) 

0 01 

07 
1.09 

2.35 
4.21 
7 e21 
U. .41 
20.41 

Notes: 

Critical Radii Critical Easse:; 
AL Density Bare Reflected Infinite Iafinite we Ref. 

4 2 16.2 
4 07 14.5 
4 .a 13.61 
4 -3 12.9 
3 .& 1s -8 
2 A6 13 03 
le?? 13 *7 
1.U 14.4 

11.6 11.7 7 *1 
11.58 10.5 7.0 
10.2 9.9 6 *3 
9.87 3.4 6.1 
9.86 9.3 5.1 
10.18 9 Q? 6.4 
10 55 10 .o 6.6 
ll.15 10.5 7 01 

87.7 32.2 

63.0 32 .I3 
52.3 22 .l 
38.9 17 .:5 
30 .1 13 0'7 

24.1 1:. '3 
19.1 8.3 
14 .s 6 .:cs 

(1) Critical radii are determined to the =Learest 0.5 millimeter and give3 -10 

the cearest millimeter. 

(2) 

(3) 

No account is taken of pu-240. 

No correction was applied for €31-239 fissim resonance self'-shielaiAng; 
the critical masses are therefore urderestimates by sane sa amuut; 
critical radii arc, the same token, the same kind of mderestimates. 

Lnteraction of Subcritical Systems 

The investigation of the izteractions between subcritical fissile units xsixg 
variational methods has continled. 
trial function for the thermal flux b the two-grotlp a?pYucimst.ion to StaELirt's 
method. 
exact eigenvalue and the eigelrral'?ze calculated frcm the rariational principle 
wing the trial f'mction. 
caSe of a si.lagle unit in an idinite moderator is being used to test, the trial 
flmctiom. 
Stuart's comtmt f'mctioz~ were bescribed last month; the impravemeacU3 were very 
slight. A mher improvement +,ried this month was to exted- the trial fmetiox 
into the moderator. Results of this trial were unexpected: the celc-LLate& eigec- 

value was lesa thaa the exact eigewabAe, an apparent contrsdictim of this varia- 
tional principle. 
ticmal erpressioa being used, which required that ody core region Pmctiom 
appear. 
the adjoint to the Lr$egral of the thermal flux equation and the ictegral of tiie 
adgoint to that equation. 
tion wed be scmght oI;ly in the core. 

Attentior ha.8 been directed to imprsvillg tke 

A measure of the improvement is the closeness of agreement bet-deea tfie 

Because its exact eigenvalue is easily ford, the siaTle 

First efforts fo use trial fkxctions in the core regioz differem frm 

me diffimlty was traced to a misinterpretation of t5a vwia- 
. 

The mathematics of the difficulty is related to *he differewe between 

The consequence is that lmprmemerts in the trial mc- 

Miscellaneous eriments for Nuclear Safety Specifications 

On Ja~mary 4, 3*9 Kg of ki-y enriched wmim (93s V-235) were received frcm t3e 
ORNL Criticality Group; the irranimn was in the f3rm of highly concectrated WQ& 
solutioa (abw% 950 gm G/l)- !The uram, which was obtained on a loa basis, 
is to be used in & measurmerks Fn the PCTR for determining the limikbg ,just 

critical concentratio2 sf 5-235 is. an asems solution. me results of tbes2 
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measurements will be compared with those reported by ORNL, and will ser?ie as a 
further cross check between the two laboratories, The measurements will also 
provide another "known value" for checking the PCTR method. 

Final preparations were begun during the latter part of the month for the experi- 
ment ic the PCTR. 
down fran its original concentration of about 950 g of U/'l to the proper concen- 
trations for the Lmeasurements in the PCTR--13 g of U/1 for t3e buffer tanks 
and ll, 13, and 15 g of U/1 for the three core tanks, respectively. The experi- 
mental tanks were filled with these solutions and sent to the 305-B Building. 
There upon it was discovered that the three core tanks were beginnu to leak 
through defective welds. 
the defective tanks were transferred to new tanks. 
Wfer tank was found to be leaking. 
tained and filled with solction io the preparation for the measurements. 

The U@F2 received fran Oak Ridge for the experiment was dilutelL 

New core tanks were constructed arid the solutions fran 
At this poiEt, the fro& end 

A replacement for this tank was then ob- 

Criticality Hazards Specifications 

mclear Safety Specifications for HLO 

Three specifications were issued for Critical Mass Physics. These were: 

C-8, Rules for Loading, Trarzsporting, and Storage of Mark 111 Vessels 
Containing up to U. g pu/l as ~u(~03)4 

C-9, Rules for the Loadirg, Transporting, and Storage of kop Measurement 
Vessels Cmtaining up to 16 g/1 UQF2 (93$ U-235 Enriched) 

C-10, Ekperimental Determination of the Limiting Concentration far U-23 j 
SQlUt iOIlB 

I%ese specificatiom cover the ha.ndling and storage of dilute Pu(NO3) and 
U%F2 prior and aura the k, meas?lremeots on these solutions in the bTR. 
Zcamnents were submitted to &e Plutonium Metallurgy Operation concernirg %be 

safety of storing plctodun m&allographic samples in tke 231-2 Wsil6- s?u These samples, which consist of a 20 gm piece of plutonium mounted in 
a lucite block, have aa H/Pu ratio 3f 15-20. 
in a three-inch diameter 5y l-lj2-inch high metal can. 
recarmellaed ., 

For storage each sample is enclosed 
Limits for storage were 

Evaluation for Nuclear Ibatericnls meration 

me Dffsite shipment of 149 Kg of 1.w V-235 enrichee U@ fuel elemellts and 116 
Kg of 206$ -235 enriched U@ fie1 elements was reviewed for the Nuclear Materials 

at i cr. (') These fuel elements were coataiaed in six birdcage-type barrels. 
Conservative estimates indicated that the quantities represented not more than 

(1) Letter frm C. L. Brm to R. 9. Xelsoa, "Comments on the Storwe of Metal- 
lograpkic Samples," Janmry 31, 1961. 

e 

std 

(2) Persod cmmnication with F. so alley. .@# 
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0.70 and 0.86 of a mi- critical mass for the two enrichnents, respectively. 

is adequately safe. 
proposed making thee shipnezts of two barrels each by camon caxrier, which 

Mass Spectrmetry 

The mass spectrometer for this program has been used to study same previously 
observed effects 03 io2 beam size, as observed at the collector slit of the spec- 
trmeter. !The source of these effects has been isolated to the ion source, 5ut 
the causes have lzot been ccmgletely determined or eliminated as jret. A;1 lacrease 
in the observed beam width seems to arise frm B spread in the ioa energy whim 
appears to be associated with veziations in the soxce electrode pote~tials, 
possibly due to electrical leakages. 
of the difficulties, several peaks b energy have been obsemed, and beam widths 
up to three thes lxrger tb allawed for monoenergetic io- and scarce coLliaa- 
tion were observed. JW-ther studies of these effects we ic progress. 

htriag the course of iookhg for ttte source 

mEuTROXV CRCSS SECTIOn PROGRAM 

Law Energy neutron Cross Sections 

An invest44atior? of the neutron bean facility for the crystaJ. ssectraneter at 
105-DR was made during the morrth. *The investigation showed the deterioratioa in 
the of the masmite sections of a step ?lug contained in the interim sfiielCiirg. 
Sane deccqosed material which had been restricting the neutrm beam wa5; rm.ove2 
fran the step plug. 
meaguremenCYa shared a fairly unifonn neutron beam aad normal be= ixkelrLsities. 
Measurements with the spectrmeter axe nuw in progress to deteAmine the bvsnm5 
of cadmium samples by monoeaergetic neutron transmission. mewrreme?3ts. 
cadmium samples axe fran a coztral rod of "C" Reactor. 
by IPE Fersomel to t?e-relop methods of calculating the lnwmut of c5hez reac5or 
control rods. 

Follariag reasaembly and aliepoent of the spectxmeter system 

'These 

'phe resclts will 5e used 

Slow Seutrm Scattering Crcss Sectiom 

The series of iaelmtic scattering measu-ements at 0.147 ev iaitial wmrof: eaera 
has continued. 
effects. 

A thi;.; s-le run was made to detembe multiple scat%erir& 

An sttempt was made to obtain $he spectraneter sensitivity at 0.147 ev by mem- 
urements of the elastic peak of a roan temperature vanadium sample. 
tkese ar,d other subsidiary experiments show that appreciable pLonoa. scatherilng 
is kcluded iL the brcad resalution function. 
dard sample, it will 5e zlecessary to cool it well below its Debye temperature to 
suppress the p30~01; scattering. Design of a liquid nitrogen cooler is urztiervay. 

IXiLASCAT, the c&e wbich processes inelastic seatterhg data f'ran the three-axis 
aeutrm spectrametry is i.2 the process of desk-debuggizg. 
required sane major revamping of iaput-output coding, 
cde is about 35 percent cmplete. 
facilitate handling of 2ata such as %he results frau -CAT, &ve been writtec 
and are being clebaed. These are geceral purpose routines which write bim- 
b%a to a taze, w3izh can then be read back for further processing or far j?V.ZLck@& 
offline f3r fixture prscessira. 

3ove-Ter, 

Thus, to use vanadiun? as a s%m- 

Desired chages ha-qe 
Over-a.U effort 09 3ki.s 

A pair of utility rmtines, RTBx/WaXs to 

The records written ts the pmc3 tape c:ouPm to 

4mb '231r0q0 
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FORTRAN specifications for binary cards. 
is a recent addition to aur FORTRAm system. 

The facility for such offline punching 

Fast Neutron Cross Sections 

Most of the month was expended on overhaul and development of instrumentation. 
The RF deflection oscillator was altered to permit use of the time-mark system 
without interfering with normal use of the Van de Graaff, and extensive checks 
were made on chronotron operating conditions. 
ications were made to improve stability and reliability of the cbronotron. 

A number of adjustments and modif- 

Steps have also been taken to reduce background in cross section measurements. 
A pulse-shape discrimination circuit which rejects electron counts has been tested 
and should help materially in reducing background. For the same purpose 1-1/4 
tons of lead bricks have been assembled for a bulk shield. 

All of the sanples ordered for the first phase of the total cross section program 
have now been received, 

PIRDO personnel participated in the second series of critical tests during the 
moEth. 
except the temperature coefficient and cell traverse experiments. It is planned 
to do these experiments before the power tests are begun. Atcrtal of 200 gold 
foils which were irradiated in the Critical Tests were counted during the month. 

The tests were terminated Jarwa;ry 31. All tests were canpleted as planneL 

The experimental data are being analyzed by personnel in the Reactor Ebgineering 
Developnent Operation. 
tive multiplication constant for the PRTR is due to too high reflector savings 
cQculated using a two-dimensional model. AlSOj earlier indications that the PRTR 
shim system might be weaker than predicted have not been borne out by later meas- 
zranents. It now appears that the maximum strength will be even slightly greater 
than 130 mk, the calculated value. 

It appears that part of the mer-prediction of the effec- 

LarandHigh Ekposure Plutonium Lattices 

A scheme for determining the change in a upon poisoning a PU test lattice has 
been farmulated. It will be tried first with the data fran one of the low exposare 
Pu lattice experiments. 
sum Qf four tenns, namely, a Maxwellian spectrum, a Maxwellian absorption spectrum, 
a Burwitz spectrum, and a Burwitz absorption spectrum. The unknam coefficient9 t- 
are to be fuund by ccmpsring the activity predicted for a detector using the ., 
assumed flux with thsrt obserred experimentally for both bare and cadmium covered 
foils 0 

The spectrum is assuned (cf. ~~-64580 B, p. 3) to be a 

-her work haa been done during the month on planning new PCTR experiments. 
The experiments listed below are under consideration as wea0*6hbse discussed 
in the last morthly report. r*' 
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A measuremezt of the rethermalization croas section for al.xniam. 

It may be possible to measure this cross sectios: by heating a alumi,rm;n r31 
in a graphite core, and meamring the reactivity change which results as a 
fztrlction of temperature. 
could 5e interpreted satisfactorily. 

It is cot yet clear whetker or not %his accerimeE2 

A measwemen% of the PG-240 effective resonance integral for si3gle %-Ai r063 

of various sizes coatainirg various amounts of pl~tonium. 
relative rather than an absolute measurement, and the stadard w&d 5e the 
dilg%e resomzce integral. 
chaazge is reac5ivity which would occur when the varims rods (cahim exerect,) 
were imerted izto %he PCTR core. 
theory icterpretation of this experimext is the reactivity effect of "ue P+230, 
particularly for neutrons near the cadmium cutoff. 

A measuremest of the total temperat-me coefficient for a PaCQ-U.3, iattice 
which has a large lattice spacing. 
the group, but the rece2t PCTR modificatiom woljld help. 2- this sckemeg 
a sipgle hot lattice cell wcrcld 5e imerted very rapid3y izlta tke TTfl zm:it;y, 
and a reactivity measurernext would be made. This would be repate3 as a fax- 
tion of cell temperature. 
adjoint matchirs, azld in getting the hot cell ir-to and cat of the PCTR rapiay 
enough. 

Tklis wmI.0 5e EL 

The experiment wauld be doze by meascriri the 

A cmplicatip~ factar ita the ?ertJ-zrba5im 

This exper-herit is the most difficlrit of 

The problems are in properly hmding the fhx and 

Neutron Rethennalizatioz is, Graphite ad Water 

The original goals of these studies of 
neutrors in graphite ad water systems 
perature were: (a) to determice, fran 
the rethemalizatior, cross sections of 
of a simple few group diffusion model, 
through the canparison of experime?atal 
deteqtors 

Goal (a) has beell achieved to a degree 

the space-exergy distribct iox of tfiemzl 
with a discontirxlity in +,he pkysic-ll $em- 
activation qerimezlts with l/v detectors, 
graphite stlz water within the frmz vork 
and (b) to attapt to verify the mdel 
ami cdadateci acti-rities of ~CE-~,'~ 

which is preseatly acceptable. =e re- 
thermalization cross sectiors of graphite kave been fomd to a-precision +, 109 
and those for water to a precisLon of 2 25%. 
prepared for the actober, November, December, 1960, Quarterly Report. 

A report on this work has been 

Work towards the achievemer-t of goal (b) is in progress. 

Within the framework of the simple few group diffusioz model the lata have 5eex 
analyzed best, ir, the least squmes sense. 
experimental data are not withir). the statistical precision of the data. It b.s 
tentatively been conclirae8 that the model is smewhat inadequate. 
icatims of the mdel are being considered which are 5ased UFO= a re-evaluatim 
of the derivatior, of the few group equatiom. 

However, the theoretical fits to %Le 

Various mcdif- 

Azl jrZrOi. 11 report eatitled, ""he Variatioml Methad and Reactor Fhysics,," 
mi-58284, was writterr. 
quired in applyiw variatiocal Eethods to reactor physics. The multigrmp 
approxination is wed as au example. 
between overlapping ad nm-overlqpil?g ~CUFS, and the achantages and disadve- 
tages of each are disc-mse.3. 

%lis report discusses the mathematical backgromc re- 

Bn2hasis is placed on the disticctios 

4 123kC92 
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The work reported on in December, 1960, has been prepared for inclusion in the 
October, November, December, 1960, Quarterly Progress Report under the titles, 
"Overlapping Grmp Spectra and the Few Group Eqpations," and "The Two Group 
Agproach for a System with Temperature Discontinuities. 'I 

Code Developnent 

The revision to the basic library (making use of resonance parameter tables 
optional) was canpleted. A short report explaining the format of the library was 
written and distributed to those persons active in the Hanford cross-section cm- 
mittee 

An edit routine, now 59 ccsnplete, is being written to produce: (1) a listing of 
the basii? library complete with headings, etc.; and (2) a tape frw which FORTRAN 
or SOS cards may be punched producing a new card library in more readable form. 
The listing is to be distributed to the cross-section canrmittee as a reference 
for revisions and additions to existing inf'omation. 

Good progress was made in the calculation for the IER cell. At the end of the 
month preliminary Monte Carlo results had been canputed, but -her revisions 
of problem specifications are required in order to proceed to the diffusion and 
burnup codes. 
added to the Input code, and minor revisions were also made in the €Ye-Monte 
Carlo ad Output codes. 

An Fmpruved system of tallying tape contents and positions was 

Modifications were made to increase speed and give more correct results on non- 
recycle cases. 

A method for automatic determination of neutron spectrum in graded-irradiation 
cases was developed. 
to output data was written. 

An edit routine for cmputing polynanial approorhations 
-. 

The modified self-shielding foxmulation described in previous reports was incor- 
porated into the code and is now in routine use. 
earlier ones, with the main changes occwring in the Pu-240 effective resonance 
absorption. 

Results appear similar to 

Instnunentation and Systems Studies 

Lnvestigations were started concerning ganmra energy spectral measurements of 
fie1 rods containing Uo;! and Pu% to determine the possibility of locating 
improper segregation of small amounts of Pu@ in the Uo;!. 
using the multi-channel analyzer indicated possible measurement feasibility. 
The Are1 elements tested to date were of the U% only and Puo;! only types. 
Further tests are to be made with typical elements with bath ax,iaes in the usual 
proportion. 

Spectra obtained 

' 

Such tests will determine the extent of the real pmp4&n, and the 
possible methods of scanning to be employed. tf 
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Labomtory tests of the '"stst ditch" reactcr (PRCF) safety-fkse devices idi?az% 
the enriched ur 

cation of experimental units. 

All necessary preliminary work has been canpleted concernilzg t5e use of a Cs'37 
source for measureme3t of Uo;! packing densities in Zi-~caJ.oy tub- of sarinr; 
sizes. 
qnired . 
T5e PRTR instrume2tation system was inspected and prelhizvuy estates $ere 
&e concerning the pmblem magnitcdes involved. 
will be received fran the off-site manufacturer shortly. 
in proper operatirrg coalition, it will have to be modified before aae wit5 tse 
reactor. 

u113 fhse element temperattsre will be about 859 at a cmtrm 
flux level of 10 ?Y ET-* me necessary enriched urani-m has 5eez order& fa fabri- 

Necessary icstrmentation design details can BQW %e cmsleted wkez re- 

me PRTB Fuel Failure Mmitcr 
Sizce tbe aystm is cct 

A new Bq ionization cham3er for use with the PRTR Eeutrta lifetime tests vas 
filling pressvpe as& wits ~ze 

atnosphere. The center electrode diameter me is ""j 18 inch ani the ckamber G2., is 
fabricated ard tested the month. 

1/2 inch. The cbm.ber was irstalled in the PPim vertical traverse monitoring 
hole. Preliminary tests made durillg several period rurzs oa PRTEl shew t?x$ the 
chanber sensitivity is greater thaa that of the previous model. As accznte :EL- 
i3ration of the magslitde of this improvement has not been &e ?n15 the factcr is 
at least two. 
the reactor to increase the pile coise canponent of the signal. 
of greater chamber efficiency 8nd a Piore favorable positicii sre expect& 50 yial-3 
a adequate pile Eoise si@. Several cwes were mde ia .tie arqplifyixg eqAip- 
nrent and the cables mmectirzg the preamplifier to the confrol rscn ecpiserA.. A 
simificaat reduction extraem hum and noise was obtaiae2. 22 em-fymr:t is 
nuw installed in the.E -3 and is expected to be used as soon as tke Kize%ics 
Experiment Critical Test is scheduied. 

Reactor). 
urperiesxed with &reaewas electrical interfereme. 
be made as soon as eqdpment mwXficatiocs can be cmplete2. 

lh &&ition, the chamber has been located closer to the ceiiter .cf 
The cmkix%Lior 

An attempt waa &e to measure the neutron lifetime of tke TTE [Tl--- -9IlEG Tesr. 

The data obtaiaed, however, were not cmclwive JXE to diffic!2ttjr 
hother aemicEZtZ>Z will 

%e PRTR Critical Facility Analysis 0x1 the analog cunpcter .was caple5e2 Tkie 
month. fie rsaEzlts were satisfactory. 
cqletion of this wark. Ac attempt was made ta develop ELL anaLsg cFrc.-:i: 
Ykich would strt.an&tic%uy run the reactor simLation t%rmgh all x~~saary 

decades of puwer level. 
rnatic canputer mode switch*, ad a logarithmic sir.mJ.atim of the resc+,or 
temperature loop. 
tions were made on tke EASE ccmputer. The analog memory and the autamatic 
mode switching techigaes performed very well. 
the logarithmic portion of the temperature loop. 
tiom of the diode flxed f'mction generators emplayed b the circuit. 
satisfactory method of closiag the temperature loop i~ a multideca.de resctsr 
simla%or has cot been developed. 
this technique. The use of analog memory, hmever, eliminated the xcessity 
of reading at the values of the delayed netltron groups md the fie1 ta?era- 
tcres at the ezld of each decade. 

A new tecbique was empluye3 in %e 

This circuit ixlutted the ase of anal% memcry, mto- 

Modifications necessary to prwide the &og aen.~ory PX:C- 

Trouble was eaacamtered with 
This was due to %he lkita- 

A 

More developeat work will be aecessq f3r 

It also automatical?y prmided the ZrJper 

-_ . .. -. - "- , 
!I . ..r 
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initial conditions for the beginning of the next higher decade. 
that the use of this technique resulted in a time saving of appraximately 75 
percent 

The PRTR Gas Annulus Measurement probe has been modified, reassembled, and 
the calibration spot checked in preparation for remeasuring the apparently 
misaligned process tubes in the PRTR. The probe was modified to provide a 
more rigid cable champing fixture, snd since its performance has been satisfac- 
tory, the final waterproofing was also accanplished. Further hot water and 
radiation tests are planned to provide design data for later probe designs, 
but the prototype probe assembly will remain operational until the question 
of including a borescope in the tube inspection system has been resolved. 

It is estimatec 

Ir, the developent of an instrument for measuring the wall thickness of PRTR 
process tubes, difficulties are being encountered in obtaining proper acoustic 
coupling between the moving ultrasonic transducers and the inner tube wall, 
A complete probe redesign my be required to accanmodate transducers having 
larger surface meas. 
to be used with this probe and further develapnent is required on the recorder 
system. 

A calibration technique was developed for the Vidigage 

Circuit chaxges were made to increase the sensitivity of the six-channel pulse 
anplitude sampling circuit used in sampling the outputs of the orthogonal filter 
incorporated in the broadband eddy current equipment. 
increased sensitivity was needed to read small differences obtained for small 
changes in test specimen parameters. 

It was found that 

As indicated in the previous report, attention is ndu directed to the deter- 
mination of the requirements of a network which will transform the orthogonal 
filter sampled outputs which represent the orthogonal cmponents of the system 
response vector, into measures of the individual test specimen parameters. 
This part of the problem is being attacked by two methods: (1) analysis of 
empirical data obtained by vaxying the test specimen parameters and reading 
the orthogonal filter sampled outputs to determine the general type of 
transforming networks required, and (2) to design the transfonnation cir- 
cuits based on observation of the behavior of the sanpled outputs for various 
test specimen psrameter conditions. 
built and then tested. 
empirically detexmined. 
tiom of linear and non-linear elements. 

In each instance the networks will be 
In the second method, network adjustment will be 
It is expected the networks will consist of canbina- 

Work on both approaches is continuing. 
the equiptent are required to satisfy these needs, thus more measurements will 
be made for test specimens having a range of electrical conductivities and layer 
thicknesses. 

Additional data and experience with 

Report HW-67658, "Multiple Parameter Eddy Current Nondestructive Testing Device, I' 
was canpleted and issued. It was incorporated in a report 04 invention which 

P, I 
has been designated ~w1~-1346. >* 

0 u' 
I 
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A fozmzl report mascript, "Broadband Electrmagnetic Testing Me+,hods, Part 2 - 
Si- Amlysis,'' HW-67639, written jointly by E. L. Libby- and C. w. CZ, was 
cmpleted and arrangements were made with Technical Publications for issuance. 

me prototype matching transformer and single-tura work coil, developed in 
the laboratory for use with a 10 KC, 15 KW iduction heater during heat trw- 
fer %esting of fie1 elements, were rigidly mounted on the scanning lathe. in 
preparation for heat transfer testing of bondtest reject production Fuel ele- 
ments. 
Feat transfer tests of the first few of these indicated uniform fuel-core-to- 
lacket thermal impedance, within the limits of sensitivity of the eqgipment. 
This equipment is capable of detecting heat transfer defects in the bonds 
equivalent to circular mica-produced voids 3/8 inch or lazger in diweter. 
Canplete ultrasonic data will be required for these fuel elements to allow a 
canmison between ultrasonic snd heat transfer characteristics. 
for such ultrasonic tests have been made with Testing Methods, Fm). 

Sixty-three reject K-I'J-N fie1 elements were obtained for this prpose. 

Arrangements 

A refrigemted type PbSe infrared detector has been obtained for use in the 
Model 111 radiometer. Application of this detector, in connection with the 
method of canpensating for emissivity variations nuw under developent, 
sholzld allow an increase in sensitivity of the heat trassfer testing equip- 
ment. 
device has been ordered. 

An analog multiplier for application in the emissivity canpensating 

Specifications for a flying spot type area mapping recorder have been writ- 
te3. 
fraa tests on a large number of fuel elements. 

This recorder will yield an over-all picture of heat transfer iL?.?formity 

Tests of the 40 Kw plasma jet arc indicated power input to an aluminum su- 
face was reproducible within about +, 5 percent for a power i.??pct to tbe arc 
eledrodss of 18 IOJ. 
of the parer f'uraished to the arc electrodes was transferred to the surface 
crf a maviz cylindrical test piece. 
Micated in initial tests using a flat sta$ionary surface. 
holder for IcoupIting the plasma arc on the heat source carriwe of the scan- 
ring lathe has been fabricated. 

These tests also indicated approximately 22 per:en% 

This efficiency is better than was 
An adjustable 

mca-produced voids 1/2 and 3/8 inch in diameter in an AlSi bonded fuel ele- 
mezt have been detected by thermal metnods using an inductive thwmometer 
as a temperature indicator. These voids have been detected by an ice cool- 
izg method and by a plasma jet heating method. In the ice method. the fuel 
element is heated to 100°CJ then rotated and scanned by the inductive ther- 
mameter probe while being cooled by ice in a region adjacent to tSe probe. 
Same spurious indications are obtained in bath methods due to vibration of 
the probe. 
+=e during a run which detunes the probe and thus would require a redjust- 
me3t of the prabe vibration discrhination circuits for optimum performance. 

This effect is increased due to a change in test probe tempera- 

Since readjustment awing operation is impractical, means for keeping the 
pro3e at' a more uniform temperature will be investigated. When using ice 
as a coolant it was found that %el element temperatures Over ~OOOC caused 
formtion of steam which resulted in large variations in cooling giving 
local "hot" spots which could mask signals due to pq~r braze layer heat 



trwfer, 
100~~~ 
below Ooc. 
probably due to vwiaticn in cooling rate caused by formation of gas and boil- 

iw. 

NEUTRON FLUX M@PJrmORS 

This indicates the preheating of tae ael elements should not exceed 
The loss in sensitivity might be canpensated by precooling the ice well 

Cooling the fie1 element with liquid nitrogen gave spurious resclts, 

InvestigatiorzE cxitinued concerning plutonium alloy, 
mrr,itcrs Ccxnpcter (IBM-709) st;ldies have indicated 
of obtaining 9 detector lifetime of 28 months with a 
efficiency not exceed- f 2 ercent. This lifetime 

44:0.g:0.45:OO21~, respectively, an3 with conditions as follows: 

isotope caposition of $38, k 3%24%241 in initial relative amounts of 

in-core, neutron flux 
the theoretical possibility 
variation in detector 
"valzre'' was ?.or a U-Pu 

1. 
2, 

30 
4. Vse of Westcott xoss sections. 

Comtaat nextron nux level of 5 x 1d.3 nv; 
A graphite temperature of 750%; 
An epi+,l;emal neutron ratio (r) of 0.075; 

Additicml calculatfons have shows that, for a 2 cc ion chamber with 1 -/an2 
Qf the forestated fissile material as a coating and with a neutron detection 
efficiency of 10 percentp a sigral-to-noise r tio of about 100:l can be ob- 
tained in the presence of % gamma Pwel of 18 r/hr %t the stated neutron 
flax level, 
fissile material isotopic conceztrazio,ls and for nriw reactor aperating con- 
ditio=. 
the use of small. igz chambers which are simila.r in size to those proposed for 
FM-t" workg E& assaciated cakles in actu reactor use. The test chambers, 
which will give the necessary infonnatioq we being installed. This Mor- 
mtica will be used for the later design of actual U-Pu fissile-material- 
contalnlng chambers as the experimental part of the program. Calculated euul 
imestigative results to date Ldicate god feasibflity for the W-PJ fissile 
material apprsac3 far extended lifetime b-core flux monitors. 

Alarge number of canpu5er r? st-Jdies hme been made for various 

In addition, a plan kas teen Eade to obtain iarormation concerning 

Tbe ewipnellt far alter- the high -qac1sum system of the electron Van de 
Graaff Izas not yet arrived th- it is expected soono 
ring experiments to be carried mat as BOOB as the alterations are mde. 

Wmk continued on plan- 

BIOXK Am m1cm - hooo PRwm 

ljvestigatians contkuei into the +,heoretic& fcmulation cf atmospheric dif- 
Psion-deposition exLations t9 guide Uyses of the 1959 field, test data. 
Fxceseizg cf the large m3er of meteor3logical and dosage measuhments obtained 
dcring the 1g60 series cf atmospheric dispereim experiments  be be gun, These 

e- 

, 
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??reoretical calmcLLations of the efficiexxy cf the Perlow spectrometer were 
sham to agree with experiment within about 154. 
ning experimeats. 
the spectraneter for neutrons caning fran undesired directions and for locat- 
ing t5e effeckiare eenter of the spectraneter. 

This is sufficient for plan- 
merimerbs were conducted to determice the efficiency of 

The exit cslal for the helium io3 sauce that looked primisix last mmth 
failed after twenty 'rms in a life test. 
md is still opemtillg satisfactorily after seventy haurs. 

Another ctmd was designed arid built 

The leakage of the tissue equivalent cham'cers was impmred by -ass of better 
kxmlators. 
PJBe Scarce and seemed to ke all rigkt., 
tissue equivalent gas 

While still filled with air +,he chambers were checked wainst a 
They are now ready tc be filled with 

One of our scieatists was asked to seme as a consultant to the Defense Systems 
Cepartment of the Gerieral Electric Compw in detailed plannix af a radiological 
testing faeility for tbe UzitEC St.ates Apny at their way proviq grand. 

IMrnrnrnZON 

All necessary develupnent work was canpleted on the scintillatioa alpha air 
monitm, using coincident-count techniques, for de3e:ting air'oorrreelpha con- 
kmination., 
~2 8tl ewivde;lc, coEtinuois m239 air coctamimtim level af 2 x 10-11 ~.rc/cc 
(13 MPC) in awracimateIy 62 minutes. 
set to not alarm on the highest ram-thoron coilcentration Levels anticizated 
in actual --e. Similar tests shcwed an alarm time of about fm mhu5es for 
equivaeat continuous air cozcertratims of 2 x 10-lrJ pc/zz Gf ~2'39. 
HAPO-type m239 alpha air monitor will reliably alarm u2er laboratory cozldi- 
tis- in coxtirxxs levels Df less t"mz abmt 6 x 10-11 pe/cc. me best WO 
alpha air monitor now in fiele we will d?srm, zeliably, in about 22 ainutes 
OE EL ecmtiamus contaniz!ation lei-el 2f abmt pc/cc. All SUA irstalled 
iauits are iaeffec+,ive 'helm the SL.C-~Q pc/m le-trel. mbricatiorr coztimes on 
%e grcdx3-e *=At. 

The experfaeatal instrument has successfully aZamed in each tes-5 

=e testa were made with the aim level 

NO other 

A keyboard was fmtalle3. iz tke whole body cau;?ltirs facility, making possible 
the mxual entry of -lata intc the core memory of the multickamel- analyzer. 
The developne35 of the requires cirmits made Me almost estirely of mociifi- 
Tations of tbe %ixuir?.g seqwslces of Metions aLrea&y Iresent ir the analyzer. 
Thralgh the use of +,he keyboard, calexdar and Frsomel data may Be transfer- 
red alorg with cm%ed speefra onto a permanent magnetic taTe record. 

Wcrk was star5ed for the Radiatiotl Protection weratio2 tararils developme3t 
02 a system to solve a set of four or more sirmrltaaeoa ewatiom relati% 
to the truecatl-,'; coctribatiom sf iridividual isotopes to a pulse-height spec- 
~FLIIIL 

system mat be able to acqzire spec5mm data directly from the multichannel 
analyzer munc3=y. 

& ex'perbe?tsi servo-controlled gamma beam scanning mechaaism was ccanpleted, 
deliverec?, wd sazisfactcrily tested at the reac%ur areas. 
stepvise, covers121 aeasuremezt pciats iz an 11-by-li-bch matfik. The servo 

The arithnetic operations will be au3matically programmed and the 

This instrument, 

I2311099 
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system moves a leaCi-collimated detector heaa containi,ag a CSI crystal and a 
photatxbe on a track system to the 121 points. Phototube pulse irrformatior- 
from the scamer Orives a Illultichaanel analyzer. 
gathering cf data 2eeded for improvement of existing reactor shields an2 
also substantially reduces radiation exposures to personnel engaged ic these 
skudies a 

This system expedites 

A usem and reasonably reliable theoretical model was devised concerning 
energy storage, fading of stored energy, and various luminescent characteristics 
of the CaF2:Elr: dosimeters, ais model is being used to guide experbents 
towards reducing the stored energy loss of the dosimeters from the present 
loss-rate of 10 percent per day. Better circuitry techniques have consider- 
ably reduced the reado& noise level which waa hampering detector development. 
Investigations coctinued concerning the use of narrow pass-band interference 
filters to reduce black-body radiation noise fram the metallic disc on which 
the Ca@:m phosphar is nounted. In addition, the metallic discs have been 
redesigned to elimimte sharp corners and edges which have, Fossibly, been 
contri?mting to noise at the high temperatures necessary for readout of the 
dosimeters EXperimeats, to date, indicate the dosimeter optirnal phosphor 
Gaia size should be 10 to 50 microns in diameter, and adherence problems of 
the phosphor binder to metal disc have been solved by a baking techniwe. 
The "art" of successfrrl hermetic sealing of the glass-encapsulated dosimeters 
has developed to the point of negligible damage from sealing. 
heating method of obtairzillg light readout information fran the dosimeters has 
proved cpite successfLPl except far minor magnetic field interfer%nce with the 
phototube ., 

The inciuction 

A TL~W transistor an& diode circuit was devised, and an iavextiozi report sub- 
mitted, concerning a logic circuit called an Ekclusive-Or type, 
cuit, particularly .aef'uI. for ccmputer work, provides an outpzt sigml 04y 
if one of the input signals is valid. 

This cir- 

Uvestigatiow contime concerning the use of cross-correlatioa methods 
applied to law gamma. energy (5 to 50 ~ev) analysis, 
was &vised an2 is used with an operational amplifier for integration. 
system materially reduces noise problems to gama energy levels of less 
tBan 5 Kev. Stability of =e3 signal reaJut was obtained by synchroaizing 
the el23pic gate with the rotating segmented absorber, which is between 
the PU The gate autput signal drives two 
circuit chanrels with one containing aa emitter follower azd a monostable 
rmzltivibrator to produce a four-microsecond output pulse. 
cotaim an imerter, a &tivibrator, and an emitter follower to produce a 
pulse ideatical, except polarity, to the first channel. A dual logarithnic 
respoase cat-rate meter is then used to indicate the two-channel informa- 
tion. 
ratio of the two signals. 
tiozi ic zoise (electronic pPs background) levels. 
tinlne. 

~n electronic switch 
The 

source a& the Ha1 detector. 

The secoui chmel 

me count-rate meter has a net-ratio center meter to indicate the 
Results to date are very good with a marked reduc- 

Bperiments will con- 

IrJestigations and experiments contime concerning miniature alaming-type 
dosimeters for persona+el use. 
experimentally faijricated. 
Standard teehQiqLes using regilar ion chambers and electrometer tubes are no 

Athree-terminal type ion chamber is being 
This will permit nordestructive readmt of charge. 
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god as stable dosimeters for the levels iavolverl (C-200 mr) because of the 
inherent leakage problems, Other experiments continue with the pencil-type 
io3 chamber =it employing light illunkation of the shamber fiber, a CdS 
light detector, and associated transistor circuitry for alarming. The system 
performs well for ganrma. dose rates below about 500 mr/hr; however, at higher 
dose rates, the fiber moves so fast, an "alarm" signal may be missed. 
ments are being conducted to inscre "fail safeness" to 10 r/hr dose-rate 
lwels minimum. 

Eqeri- 

An experiment& mechanical rate-of-change mecnaism has been devised for use 
i3 alpha and beta gamma air contamillation monitors. The device consists of 
8 timing motor, gem reducer, slip rizlg, unidirecCuional clztch, and a step- 
ping motor. 
receives pulse information frm the radiation detector. 
steppi= motor rotates faster 2han the timizig motor, contacts clcse causing 
an alarm, If the timing motor tries to rotate faster than the stepping motor, 
the special clutch slips. Thus, ix~ effect, if the "buildupi' of contamination 
on the air filter viewed by the detector is greater than the particulaz selected 
rateo the alarm will actua%e. 
alarming for normal radon-thoron Sackground lmi1dE-p. Other air monisoring 
investigations concern the use of moving-tape filter heads with one prsto- 
type instrument using this type of head n'm ir, fabricatior;. 

The stepping motor is driven 'cy pulses frcm the amplifier which 
In operation, if the 

Adjus+,me&s are incorporated to just prevent 

Experimental trazwistorized circuitry was devised 'c3 permit the driving of 
staazaard one-milliampere moving-coil chart recorders to full scale in 0.5 
secwds. This speed is rieeded for ase in airplanes far radiological sun'ey 
use, 
fabricated transistorized sensitive ganuna monitor usirg a b-inch-by-5-inch 
NaI detector. 
effects ~z1 the addenda circuitry to permit operstion over the same raage as 
the xiginal detector, amplifier, md caat-rate meter (-lQ°F to +13CCF). 

The developed circuitry will be %sed with the previwly developed and 

Pnther experimental work is zeeded to reduce temperature 

Magnetic ilzduction methods are being studied ad aperimexited with to deter- 
mine feasibility for radiological data and voize cmmunication transfer to 
and from ceztrrtl stations and persocnel Josinzeter monitor3 carried by opera- 
ting personnel. 
CPS noise. If feasible Uer ''noise" cmsideratiocs 02 the slant, the system 
will be a simple md relatively incqexive method of such i,?fcmatJion fraw- 
fer, 

A t-mable twia-T filter was devised to reiiaze irfixed 60 

Developwnt work was initiated at the reques+, of Radiatioz Trotection @era- 
tioa, HM>, concel3ia the circsrit+ry for the readout, scaaring, and coatroi 
portions of an ac%ccmatic dosimeter-film densitmeter instrument whicl; aas 
9riginaUy planned by Rpo. 
several involved circuitry problems remain to be solved to complete the pro- 
ject 

Portiom of the unit are canpleted; however, 

Several large-area, 'si-plg_nlar aides were tested for possible use as scintil- 
lation 3etectors ir Glace of maltiplier phothibes. 
at 2700 '.JDc, were determined to be useless for normal radiatim instrument 
USE becase cf extremely low sensitivity, The diodes, at 27CO VDC, were can- 
pared with regular multiplier phototube3 at 1000 VDc with use of the same 
NaI crystal. The photo-hbes had a 135 grea5er current mtput' &der identical 
gamma dose-rate con6iticm 

The diodes, which operate 
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An impraved methcd for experimeatal fabrication of silica sirrface Sarrier 
diodes has been obtained. Sixteen cew diodes were fabricated! frm 400 o'm-cm 
silicon and all exhibited a much better back-to-forward resistance ratig thar 
was obtair,ed in previous sample runs. 'Ilwenty-five more wafers have been cut, 
using the new diamond saw, from the 1100 ohm-cm silicon ingDt. 

finishing methods will be used. 
monitor was partly cmpleted using high density assembly techniques. 
unit uses the silicon Side detectors, a transistor anplifier, a three-kilo- 
cycle-per-second oscillator, an 80-millisecond gate, &d a resonant (3 Kc/s) 
air column "speaker". Breadboard tests have been quite satisfactory. The 
resonant column "speaker" occqies or3y 0.75 cubic inch &a2 can readily be 
heard under high ambient noise coriditions. 
ccmplete circuit is only 36 milliwatts. Fxperiments contimed 02 Lit deposition 
methods onto the silicon diode faces to permit their use as neutron detectors. 

<The same 
An exceedingly small transistorized alpha 

This 

Total power (&c) reguire for the 

A *her study wa8 canpleted, ad, a report issued, conce-mixg possible measure- 
ment of k&f for subcritica3 metal assemblies and liquid slurries at HAPC. 
The study was concerned with the possible use of alpha and gamma activated 
"plsed" neutron sources. The procedures codsidered were those of rapidly 
rotating a piece of beryllium or other target material past an alpha swce 
or through a collimated beam of photons. 
that 
to 10 

The calculations seemed to indic te t eutron yield per unit tine from such a method will be a factor of 10 
lower than for typical camnercial pulsed-neutron (tube) generators. 

8 

Experimentsl prototype fabrication contimed on a beta-gamma cambizxd area 
monitor, hand and shoe counter employiag background suppression, and cabled- 
connected clothing a;nd object probes. %e unit will be termed a Check-Out 
Station Monitor and is all trwistorized. 
experimental scintillatim transistorized portable dose-rate. neters (0-1 nr/hr 
~'GU scale first range). 

Fabrication also contimes on two 

Isotmic Analvsis 

The maas spectrmeter for this program was used exclusively t:, process program . 

samples during the past month. 
to be very good ad this fact, coupled with the type of samples being processed, 
allawed the achievement of 9 sample load far in excess of the nmnally expected 
sample load. 
month, and the results of these analyses are being assembled for a separate 

The performance of the spectrmeter contimed 

A new series of isotopic standards were processed during tbe 

report D 

TEST REACTOR OPERATI3NS 

Operation of the PCTR continued routinely during the month with one unscheduled 
shutdam due to electrosic failure. 

The IVPR reduced water density experiment and the second NpR t 9 experiment were 
completed during the month. P dT 

The inspection and maintenance program for the copt,rol rod drives .was continued, 
Two rod drives were reconditioned leaving two to .he csmpleted. 

12311102 
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A series of tests was started to determine safe loading patterns for the new 
he1 channels recently drilled intci the PCTR. 

Critical loadings, worth measurements of driver fuel, control rods and safety 
disks and neutron lifetime measmements all with graphite and uranium lattice 
core loadings will be made. 

Critical loadings of 73, 46, ard 22 drivers were determined for the three 
outer groups of fuel holes with a graphite core. A preliminary value of the 
neutron lifethe for tke & driver rod configaratim is 2.W x 10-3 seconds. 

Weather Forecasting and Meteorology Service 

Meteorological Services, viz,, weather forecasts, observations and climatologi- 
cal services, were provided to plant operations and management personnel on a 
routine basis, 
the normals, means and mremes for the period lglZ!-l96O cmpted. 

%e mal climatclogical summary for 1960 was cmpleted and 

Type of Forecast 

8-Haur Prodwt ion 
24-Hour General 
special 

Number Made 

99 
02 
130 

Reliability 

84.2 
90 -2 
94.6 

January was considerably warmer and drier than usual. 
of the 0.33-inch precipitation total occurred during the last 3 days. 

All except .O5 inch 

lhstnamentation and Svstems Studies 

Fabricaticn was contimed on an aLpha-beta-gamma air stack monitm for use 
in the 325 Building by the Chemical Research Operation, HLO, and on an experi- 
mental beta-gamma (mixed fission product) air monitor for use in the 327 
milding. This secoxld uait will iricomorate a maving-tape filter head. 

Estimates were Frepared ana sent to the Biology Operation, BLO, concerning 
a special multi-detector head, wide epplication, radionuclide mnitor and 
analyzer, This unit will, if desired, incorporate some camnerciarl sections. 
A second instrument was also estimated, using our previously developed tran- 
sistor (standardized) circuits, fcr ase as a very semitive portable beta- 
gamma “field 7se” moriitor. 

Fabrication was contimed on two alpha “Wand” trarsistorized monitor units, 
anplaying silicon mrface barrier diode detectors, for use at the 234-5 
Buildingo 

Advice and aasistance were given to instrument maintenance personnel con- 
cern- the transistorized scintilla+ion beta-gamma shoe and clothing moni- 
tor used i.I the 325-A Buildiq. 
were prepared. This uzit uses the new lmite wedge light-pipe beta-gamma . 
shoe probes xising a 6655-A phototube and a 5-inch-by-14-inch-~-l/l6-inch- 
thick te henyl- 9-polyvinyltoluene scintillator e Such probe9’’can easily 

Sketch-type electro-mechanical drawicgs 

detect 21 I-e and S 4 betas aad have a uniform beta response over the 5-by-14- 
- 

inch effective area {for each shoe), r 
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Modification design work continued to provide selectable time corstaats and 
hence meter and chart recorder response times for the sensitive transistor- 
ized scintillation gamma monitor for Regional Monitoring Operation, €EO. 

Design and fabrication requirement details were given to instrument personnel 
fran the 308 Wrilding to permit them to fabricate one vertically-mounted 
scintillation alpha shoe monitor using a standard 5-by-lk-inch wedge-shaped 
lucite light pipe, phototube, and ZnS pho2phor. Detection levels of 500 
d/m Pu239 should be obtainable. 
dardized" transistor types. 

All circuitry employed will be our "stan- 

The mechanical mockup portion of the experimental, prototype Laundry Monitor 
System was successfully demonstrated to interested personnel from the Laundry 
Operation. The mechanical system is of the continuous movement conveyor type 
which, by mechanical means, automtically turns the hanger-held coveralls 
and lab coats to provide monitoring for alpha, beta, and gamma contamination 
of the ccmplete garment. The problem is obviously one of a canplex nature 
for alpha monitoring. Banks of phototubes with large area (1 foot by 1 foot) 
lucite light-pipes will be used for the monitoring. Z~IS phosphor and ter- 
phenyl-in-polyvinyltoluene will be used for alpha and beta-gamma monitoring, 
respectively. Many of the necessary electronic and detector circuits have 
already been developed and tested for use with the mechanical portion. If 
contamination is detected above. the pre-set required levels, the control por- 
tion of the instrument will cause the particular garment to be dropped, using 
an electranagnet device, into a "contaminated" hamper for rewashing. Back- 
gruund reduction and cancellation techniwes will be employed in the beta- 
gama portion because of varying background conditions at the Laundry build- 
ing. All detectors will be of the scintillation type and all circuitry will 
be transistorized for maxirmam reliability. 

Consdtation was given Fuels Develqment Operation regarding specifications 
and proposals for a data logging system for ETR loops. 

Work on a chemical dissolver problem has been started for the Cbemical Re- 
search and Develapnent Operation. 
of a recirculating,plug-flow dissolver and reservoir system. 

This problem concerns the characteristics 

.The new PACE TR-10 analog ccmputer purchased by IPD has been received and 
checked wainst epecifications by Systems Research. 
multiplier scd canparator were discovered. 
placed by the vendor. 

A defective electronic 
These ccmponents are being re- 

Two peak integrators were recently installed in the X-ray diffraction instru- 
ments used by Macturing Operation, Fm). The automatic printing feature 
or! the Integrators proved to be far too sensitive. 
in attempting to decrease the sensitivity of the mechanical portion of this 
device. 
switch on the X-ray gonianeter table. 
at the beginning and the end of each peak. A modified the delay relay was 
installed to actuate the printing mechanism when the scanning switch closed 
at the start of a peak and opened at the end of the peak. 

Difficulty was encountered 

It was decided to operate the printer fran the scanning motor tab 
This would permit the printer to print 

1234104 
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Developnent has been started on a hydrogezl detection system for the NPR fix1 
element autoclaves in the 333 BAilding. When operating, the autoclaves will 
give off a small amount of hydrogen. 
should increase abaut five times within one-half hour. The proposed gas de- 
tection system will monitor the percent of the lower-explosive-limit of a 
mixture of the hydrogen sanple and a fixed sir flow. 
project engineers, a test was set up on aa autoclave in the 306 Building. 
neither the autoclave, the aGtoclave loading, nor the hydrogen instrument are 
identical to the fical instrument and as such, results will show only a general 
indication of the instrment operation. 
the eight-point hydrogen system that will be installed ir, the 333 Buildirg;. 

After mptue, the hydrogen generated 

At the request of the 

Specifications have been writter, on 

Fabrication of the nickel plate grocess, previously analyzed on %3e analog 
canpdter, has beer, canpleted. 
trol. 
shod9 cause EO difficulty. 

As predicted, the process was very easy to con- 
Excessive pump hysteresis may prevent using full controller gain but 

!The report on the Chemical E;lgineerix Developnent problem involving tempera- 
t-ne distributions through a waste ?mirial cask ha5 been vritten. Tkyis invol- 
ved a prapssed tube-in-tube storage cask cqable of positive @soling, bcth 
interaslly ad exterrdlly, for disposal of highly radioactive waste. 
felt that, due to the extreme rate of heat generation possible, a serious 
hazard my arise shoul3 a bubble form in the annulus containing the waste. 
Sich a vsid wma.lC cause a loss of colsductive path to the cooling f'hid, and 
dangerom tauperatwe8 could arise in the vicinity of the bubble. Sixe a 
certain ammat of material is displaced by the M~ble, the heat flcw paths 
are distorted fram piiely radial "flow tzbes" ta sane ~nck=Lm geometry in 
two dimensions. The usual method of solutio= of such a problem is to rewrite 
the descriptive eqyation in finite difference form in the space dimensiac(s). 
However, the presence of an insulating Ciscontinuity xwqpified the difficulty 
of derivhg a finite difference equation many times, so recmrse vas Eade to 
the basic a~slogy betwee3 tem?erat?are ad electrical potel=tial. A relaxation 
ne%work of mesh points was set up with resistarxes of appropriate magEitude 
coxecting tke mcles, Using Kirchoff #s lawsp an ecergy balacce was m on all 
nodes, yielding a set of equations describiw the potential at a-?jr one point 
in terms of the surrmding points an3 the rate of heat aeneratiozi. 'TSese 
equatiom were sol-7e.l shmltaneowly on aa analog cmpu%er; the presence of 
heat generation precl-ded the use of a simple, passive resistace Eetwork. 
The results were entirely satisfactory and indicated no particclar danger, 
even with a rather large bub3le presen%. 

It was 

l?he reference system for callbrat ing various micro-displacaueazt readmt systems 
was itself calibrated dura Jam-, 1961, 
to Be calibrated, are inteded for Physical MetaU.urgy Group use in making 
in-reactor creep meaazrrernents. The reference system was foauzd to have the 
reqired 0.05 prcent accnacy wer the range of 0.004 to 1.OC inch, but 
calibration of the @.COO to 0,%4 inch range [when the required accuracy is 
f micro-inches) iF2icate.l errcrs exceeding the required accuracy. 
regiq bowever, the accuracy of the calibrating izlstrment is samewhat ques- 
tionable, ai9 the problem of selcctiag a true referexe 3ecunes siaificat;+,. 
me q!!estiocs5le da%a will be f'artker e3rrelated by the Mathematical Analysis 
Grmp f9r the purpose of o3tsining sane Tseful assurance and probability 
fa@%GrSo Grift tests on the Sckaevitz DRS-100 redout system aze in progress 
at the rate of me scale at oae temperature per day, 

The readout systems, which are 

3- this 

DispKcement cslibra- 
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optics 

Design drawings covering a periscope to be used at log-C Fuel Examination 
Facilities for measuring the length of irradiated fuel elements have been 
canpleted and approved. 
Machine Shops. 

A housing, condensing lens system, and microscope adapter have been designed 
for Ceramic Fuels Develo-pnent Operation. The eqpipnent will permit vertical 
illumination of objects viewed through their long working distance microscope. 
The high pressure mercury vapor lamp used in this unit provides one of the 
most compact, high intensity sources of light available. A special micro- 
scope eyepiece adapter is beiog designed to permit sirmtltaneods viewing, photog- 
raphy, and monitoring of light level. 

Fabrication of the unit will take place in the IPD 

FaSrication of the corner radius viewing microscope for Finished Products, 
CPD, was cmpleted. 
The difference between a 0.009-inch radius and a 0.003-inch radius in the 
bottom of an internal groove was clearly seen. Quantitative measurements 
do not seem possible at this time. 

The uit was demonstrated and is now being tested by Cm>. 

Radiation Ratio -meters for both Physical Metallurgy and FPD have been 
delivered. 
A series of tests of the FPD pyraneter were made using an induction heated 
zirconium clad uranium piece as the hot object. 
thermocouple readings, radimeter readings (using the radiometer made for FPD 
by the Optical Shop) and the readings of the radiation ratio Fyrmeter. 
analysis of these data is not cmplete but with only a few exceptions the 
radiation ratio pyraneter agrees (after initial calibration) within +, 10 
degrees with the thermocouples. 
the thermocouples shift ir, indication with cycling. 
readings and thermocouple readings are canpared for three specimens in the 
same cycle, there is agreement within +, 3 degrees. 

The Physical Metallurgy unit has been installed and calibrated. 

Comparisons were made between 

The 

Preliminary mysis of the data indicates 
When ratio pyrometer 

The calibration curve as given by runs on the zirconium clad specimen differs 
appreciably from that obtained with the Radiation Standard as a swce. As 
an example, the temperature indicated by the ratio pyraneter when the thermo- 
couple reads 70O0C is 7700C. This suggests the emissivity of zirconium is 
decreasing rapidly with wavelength in the 2- to 3-micron wavelength range. 
It is also possible the zirconium surface viewed by the Ratio Pyrameter is 
actually hotter than the point 0.020 inch or more below the surface to which 
the thermocouple is attached. 

There is 0ne.very good temperature check point, the thermal rest region, 
where a phase transformation takes place at a thermocouple reading of 640Oc. 
Here the Ratio Pyraneter reads 693 f 4Oc according to its radiation standard 
calibration. The +, 4' is the standard error of estimate for seven readings. 

A total of 456 maahours' work was performed during the four-week period 
(January 1 to January 29) included in this reBort. 
offsite order code 0777, 1% for code 1500, l5$'4or IPD, 19% for CPD, 3% 
for HLO, aad 3$ for code 9215 

Of this, 6% was for an 

e*.. 
0. 
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The work included: 

1. Fabrication of 
2. Fabrication of 

fnrr qpartz lenses and mounts. 
ratio pyrometer canponents . 

Z 
/4 

4. 

5. 
6. 
7. 
8. 
9. 
10 0 

u. 
12. 

Repair of Lena 1-1/8;inch-diameter borescope. 
Fabrication of Corner Radius Viewing Microscope for Cm. 
Modificatiom of ultrasonic thickness probe. 
Repolishing one lead glass viewing window. 
EoaporatioI: of gold to form silicon diodes. 
Repair of two crane periscope heads fcr Pura. 
Repair of two camera trip& for Photograpby Unit 
Resurfacing pump seals. 
Cleaning of oae microscope. 
Fabrication of three radiation pyraneters. 

Analog Canputer Facility Operation 

The major analog canputer problems considered this month include: 

1. mpR primary loop study. 
2. IWR secondary loop study. 
3* NPR pressurizer stdy. 
4. critical facility study. 
5. Chemical dissolver study. 
6. 
7. 

PACE TR-10 (dog canputer) evaluation. 
Waste burial cask--two-dirnensional temperature distribu*ion. 

computer Operation: 

GDA 135 hours 

33 hours 
0 hours 
0 hours 

i68 hours 

UP EASE -136 hours 
scheduled damtime 12 hours 
unscheduled downtime 3 hours 

idle 
total 2G hams 

hours 

UP 
scnecided ?!Crwr,t ~e 

ulls c he d riled 
dawnthe 
idle 
total 

Ins t menzt mal-at i 011 

A ccmplete calibratioo procedure was writterr for use with the sciatillatior 
(C-200 mr/hr, linear)' 614 Building Monitors fabricate2 for Radiatioc Monitor- 
i,rg Operation, ELO. 
to prwide any single ''range" desired from about 0-30 mr/hr to 0-10 r/k. 

Evaluation tests were canpleted and reports were written concerning three 
representative commercial "area monitors" of similar costs. 
IneIitS were the Xeithley 412 Log Electraneter (using a HAP0 EM Chamber), a 
Tracerlab Log Respmse unit using a lead-shield campensated GMtube detector, 
arid a Ikelear Meas--xements Corporation (Qm,si-log) "Gammaguard" unit usi,ng a 
NaI a?zd phototube detector. All three units had shortcaniags for use as HAP0 
Sirea monitorso and Eo2e was satisfactory for continuous-use &plication mder 
the widely varied conditions required for HAP0 area monitor,sc. Complete test 
eetails c~n be fd in the issued evaluation reports. 

By high voltwe adjustment, these units can be adjusted 

The three irstru- 

t 
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Acceptance tests are nearly complete on 30 new cast-plastic head scintillation 
alpha probes with effective detection areas of 2 x 7 inches. 
probes have a uniform geametry, with a 50 percent open-area pierced metal pro- 
tective screen in place, of about 14 percent, f 3 percent. 
no increase in background, frm a normal one c/m, in a 4- to 5-r/hr gamma 
field . 

These developed 

These uits have 

One Model I1 Scintran prototype is being modified with the addition of three 
transistor binaries ana a GM tube input for selective use as either a Scintil- 
lation probe alpha monitor (no binaries used) or a GM tube beta-gamma monitor 
with the binaries. 
to the scintillation input for neutron monitoring or any neutron, alpha, or 
beta-gamma Scintillation probe can be used as desired. 

In addition, a 1000 V Bq tube can be directly applied 

Continued laboratory tests are being conducted on the scintillation transis- 
torized ccmbined alpha-beta-gamma hand and shoe counter before returning it 
to the field for use. 
two "back") reduces the chance of coincideat (both probe) beta-ganrma-caused 
pulses adding to appear as an alpha pulse in the alpha channel. Such cross 
coupling should improve the al ha signal-to-background ratio to permit easier 

''counts" fran both hand-back probes simultaceously with a similar condition 
for ha&-palm probes. 
field personnel who are used to the older method of presentation. 

Cross-coupling the four hand probes (two "palm" and 

- 

detection of 200 to 400 d/m Pu B 39 sources. Thus, one register wfll indicate 

Such a method, however, may meet with opposition frm 

Six of twelve ordered "SeEtinel" beta-gma portable scintillation selectable- 
level alarming dose-rate meters were received from an offsite manufacturer who 
fabricated them using our circuits throughaut. The originally required ranges 
were 0-1 r/hr and 0-10 r/hr; however, they are not calibrated to give rages 
of 0-400 m/hr and 0-4 r/hre Operation of the six units, as received, was 
reasonsbly satisfactory; however, slight changes in high voltage regulator 
types and the phototube voltage divider may be in order to permit reliable 
operation throughout the approximate 100-hour battery life. The operation 
would be cmpletely satisfactory for the designed (original requirement) two 
ranges of 0-1 r/hr and 0-10 r/hr. The "c- requirements" to the opera- 
tion levels of 0-400 mr/hr aad 0-4 r/hr with no circuitry changes results in 
operation of the miniature high voltage supply at a peak level. Slight cir- 
cuit chaages should alleviate the minor problem and permit the proper gpera- 
tion at the new desired levels. 

Advice and assistance was rendered to Calibrations Operation, RPO, in revis- 
ing purchase specifications for self-reading pencil dosimeters. 
r/hr and 0-200 m/hr units are to be purchased. A number of modified 0-5000 
r/hr T-P instruments are also to be ordered. 

Both 0-50 
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CEIEMICAL RESEARCH AND DEVELOPMENT OPERATION 

RESEARCH AND ENGINEERING 

FXSIOIVABLE MAmRIALS,- 2000 PROGRAM 

IRRADIATION PROCESSES 

5"azfum Oxidation and Fission Product Volatilization Studies 

zzcI1c) fisaiori product release experiments were performed on uranium irradiated to 
: .T x lo2' nvt. In one of these, a helium atmosphere was employed during heating. 
.%are gas release was 87 percent, less than the 99.5 percent release obtained in an 
af~ atmosphere but much grea$er than that obtained in trace level experinents. 

IC the other experiment, an air atmosphere was used during which many particles 
vbre released from the specimen. 
Ilquid caustic scrubbers and were deposkted on a millipore filter. 
~~"vious observations that showed a greater release of particles from more highly 
ira6iated uranium. As expected, the ratio of uranium to individual fission pro- 
Iucfs in the particles more closely approximated the ratio in the original specimen 
fcr the oon-volatile elements (Zr, Ru, Hp) than for the volatile elements (I, Te, 
2s). It was established that particles formed during the oxidation of unirradiated 
~CE?E~UIU in air over a temperature range of 450 - 1300 C are U308. 

A large fraction of the particles penetrated two 
This corroborated 

SPF. Effluents 

Rcszarch was continued to seek methods of removing radioisotopes from phosphoric 
er,',d decontaminating solution proposed for clean-up of certain portions of the NPR 
loq. Treatment methods were compared with regard to degree of removal of' radio- 
rsctopes, amount of caustic required, and amount of sludge produced. The scavenging 
,-- *---& rc 2recipitates formed by the addition of aluminum sulfate and calcium chloride 

csmpared with that obtained with precipitates formed by the additior: of ferrous 
i-Lfa+,e and potassium permanganate. 
aboz 4x0-thirds as much caustic as did the iron-permanganate process but produced 
&Sxt f;?ree times the sludge volume. Both processes satisfactorily scavenged 
Esc:cps of cobalt, ruthenium, silver, chromium, zinc, strontium, iron and eeriun. 
N?-i,hes was able to appreciably scavenge isotopes of antimony or cesium. 
xm1vLig the addition of aluminum without calcium gave bulky, gelatinous aluminum 
r.,riroxide sludge, more difficult to handle than the more compact crandallite 

r5 al-misun! hydroxige appears nearly comparable to that of the other processes 
L-~TXL~~ some of the results were anomalous. 

The aluminum-calcium process required only 

Experiroents 

?~LL~(W~)~(O€X)~ .H 0) formed when calcium is included. The scavenging effectiveness 

WF~LB 599-67-51 and 699-69-45, the last two on well drilling project CAH-885, were 
'~F~LZ,~ %ese wells were planned to provide necessary ground water altitudes about 
6 rrlle aad a half north of Gable Mountain where the data may indicate the feasi- 
b~2.t~ 9f disposal of limited volumes of reactor area wastes to the ground. 

zcr*z.stream from the intakes of alJ. reactors 

This 
;< --2~~.lsal - would depend on movement of ground waters there into the Columbia River 
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Reactor Effluent Treatment 

Preliminary equilibrium experiments to test the adsorption of radioisotopes 
reactor effluent by 26 species of minerals were completed. The equilibrium 

from 

adsorption of P-32, As-76, Np-237, Zn-65 and Cr-51 was determined for each mineral. 
On the basis of the results ten of the minerals were selected for further study in 
column experiments. These minerals are olivine, pyrite, pyrrhotite, fluorite, 
calcite, galena, dolomite, hornblende, scapolite, and geothite. Column experiments 
to study the adsorption of P-32 were performed with the first five of these. 
experiments were performed at relatively fast flow rates (5.7 - 6.7 gal/min/ft*) 
giving short residence times (0.5 - 0.7 minutes) in the 50 gram mineral beds. 
these conditions the adsorption capacities of these five minerals appeared to 5e 
in the order: pyrite (lo50 bed volumes), pyrrhotite (560 bed volumes), fluori%e 
(354 bed volunes), calcite (177 bed volumes), and olivine (106 bed volumes ) e These 
columns produced rather erratic breakthrough data, probably as a result of the high 
flow rates. 

The 

TJnder 

Operation of aluminum-filled-columns at 100-B and 100-C was terminated, since tL:e 
produc+,ion tests to measure the effectiveness of increased alum and the use of 
aluminum nitrate were completed. Similar columns were installed at 105 C to deter- 
mine the effect of reduced dichromate ion on aluminum bed decontamination factors. 
The pilot-scale test facility was operated at six linear feet per minute during the 
month, with a slight increase in prPssure drop noted. 

Columbia River Radioisotope Reduction Studies 

In the recent test at H reactor, 20 ppm U(N0 ) .gH20 and nitric acid to adjust the 

used in treating the process water. 
reduced amounts of some of the trace elements which are parent materials for the 
radioisotopes produced in the cooling water. 
formed was also accomplished which, except in the case of Np-239, exceeded the 
reduction obtained in the parent material. 
of interest are shown in the table. 

pH were used in place of the few parts per mid u on alum and sulfuric acid nomLly 
Higher purity water was produced which contaizec? 

A reduction in amount of radioisotopes 

The results for some of the radioisotcpes 

Percent 
Parent Percent 

Parent Radioactive Element Radioisotope 
Element Daughter Reduction Reduction 

S P- 32 37 7@+ 
P P- 32 11 7w 
As AS-76 61 75 
U NP-239 72 57 
Zn 21.1-65 0 33 

* Combined radioisotope reduction from S and P parents. 

These results show that processes other than parent isotope reduction are effect- 
ive in reducing radioisotopes formed in %he cooling water. 
other salts in the water and the effect of changes in the reactor tube film are 

The effect of reducing 

being studied. r. 

I 

I 
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SE PAPATION PRCCE S SES 

-..- 5. cLuatioc of Alternate Diluents for Purex 

A%kane-l2 and Facifie Base Oil C were tested as diluents for Purex Process solv?n,t. 
02 %e basis of resistace to nitration and of fission product distribution, the 
Makme-22 (which approaches pure dodecane in composition) was superior to other 
dPTuezats ;rhich have been tested so far. Results obtained with the Pacific Base Oil 
C vere similar to those previously obtained vith Shell E-2342. 

35,: qlex Coz t inuous Dissolver 

CclZ pilot piant Recuplax continuous dissolver studies were completed with the 
iexjnstration of an effective solids trap and dissolution of calcium metal in excess 

~5:- flowsheet quantities 

k C,ea-li+&r baffled solids trap prevented particulate carryover to the product tank. 
TZle solids, mostly gelatinous, which collected in the trap were 0.73 w/o of the 
scXds charged during the run. 
?l?ar, suspended gels plugged filter paper, diatomacious earth and carbon filter 
?L-ls, preventing filtration of the product. 

Although the product tank solution appeared to be 

Mc, difference in di-:ohtion characteristics was noted when 120 g or 60 g of calcium 
mtal was blended 1-a the cold simulated, solid feed. 
5 of calcium was added alone (ioeo, without cther solids) the reaction was violent. 
R12ition of 120 g alone blew manometers sad pressurized the system. 

On the other hand, when 60 

Tk2 beat of reaction for the cold feed was measured at -1100 Kcal/kg in the pilot, 
~1~5~ which compares favorably to the -1040 kcal/kg calculated. 

YGlz-eon2ensable species in the off-gas resulting from the reaction were 50 pexent 
Y$ and 50 percent H2" 
%E tc:"ar. 

The maximum non-condensable cff-gas evolutioc rate is about 

-PI,. xxtLward movemect of costacinated gromd water originating under the 
s*xwenged cribsite in 200 East Gea costhued this month. 
-12:eaaerl concentratioas of radiocooturants in mnitoring wells north and we& of 
,I-< Plirex Plazit. 

qpreciably greater than the mvement rates evident when the contaminants were in 
dq~ifers under +,he northern part of 200 East Area. 
-r' ~~v05etlt were as expected based primarily on Purex Plant waste disposal monitor- 
--g ?xperfence. 
:Gar the 3Y cribsite, are detectable in the ground water under 200 East Area. 

This is evidenced by 

-r The present indicated rate of movement, 30 - 50 fee3 a day, is 

The increased rate and direcffac 

No long lived radioisotopes, other than low concentrations of CO-60 

- hzfe Tank Leak Field Irzvestigations 

Rt?5?iaotope analyses of the drilling samples obtained from the five shallow wells 
r?ces->y drilled srourzd the 106-TY tads were completed- 
a?tlt5east showed tF'9 highest concentration of RU-106 and Cs-137 between the 45 and 
65 SPmt levels. 
%ir,rs 04 Cs-137 but very little RU-106 throughout.$ts depth which isdicates some 
wstc source other tkan +,he 106-TY tank, possfbly'the lO5-m tank or a failed 

The three wells toward the 

The well riortheast of the tank contained relatively high concentra- 

12341 I I 
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underground waste transfer line. 
4 x 10-6 uc/pam of soil at 15 feet above the level of the tank bottom. 
were also monitored with a gamma scintillation probe. 
soil sample analytical results and probe readings were obtained. 

The maximum Cs-137 detected in this well was 
The wells 

Good correlations of the 

Disposal to Ground 

Further laboratory experiments were made to study the recovery of plutonium from 
D-6 sump waste from the 234-5 Building. The adsorption medium found to give the 
best decontamination of this waste was Florida pebble phosphate, a commercially 
available natural mineral. 
at 1.04 gal/ftZ/min and with a column residence time of 1.36 minutes. 
90 percent of the plutonium was removed from about 400 column volumes of waste. 
These columns were eluted with 1.0 M sodium carbonate solution and over 95 percent 
of the adsorbed plutonium was recovered in 5 bed volumes of eluate. This elution 
converted part of the phosphate mineral to calcite and therefore it was necessary 
to recharge the bed before the second adsorption cycle. After recharging with 8 
bed volumes of 0.1 M Nap4, the column was again used to remove plutonium from D-6 
sump waste and was Found to have slightly better adsorption characteristics than 
during the first cycle. 

Columns of this material received D-6 sump waste (pH 2.8) 
More than 

Particulate Sanrp ling and Measurement 

Principles relating to particle retention on sampling lines were used to predict 
the perfonnance of particle sampling probes and lines in a chemical process air 
stream before and after a new filter installation. 
recommended as a result of the analysis. 

Changes in the design were 

Underground Waste Storage Tank Cleanout 

Mining studies for process waste tank cleanout continued with tests of a rotating- 
head, self-propelling sewer nozzle. The nozzle successfully tunnelled through sand 
and gravel beds, discharging about 350 gal/min of water under about 125 lb/sq.in. 
pressure. During operation the .free end of the hose was stable (no "whipping") and 
the nozzle pulled the hose forward in a nearly straight, downward direction. These 
results suggest that the nozzle could be used to mine tanks, although problems of 
hose msterial and directional control remain to be solved. 

Batch Calcination 

Three bench-scale runs were made on the batch calcination of s-ated Purex high- 
level wastes to study calcine meltirg. The acidic waste solutions contained only 
sodium, iron and aluminum sulfates and nitrates. The studies have indicated that 
the absence of the minor constituents (chromium, nickel, lead, phosphate, acetate, 
silicon dioxide and manganese dioxide) produces a meltable calcine at higher sodim 
to metal ion ratios than previously noted with the minor elements present. A melt 
also formed at a high sulfate to salt nitrate ratio (8.9) with the sodium to metal 
ion ratio of 1.9. 

In two of the runs, the sulfate concentration was greater ,than the sodium stoichio- 
metric equivalent. The weights of the calcines produced were 30 percent higher than 
that predicted assuming only sodium sulfate, ferric oxide and aquminum oxide are 
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A-,JAi the evohtion of' sulfur oxides was no longer evident. 
Bcth ca1c;nes melted an2 were heid at temperatures in excess of 900 C 

..-*i - 

SxCies of self-heating of calcined high-level wastes stored in annuli are continuing. 
T-2 effect upon the maximat temperature within the calciner of a void inclusion near 
tke outer periphery has ?eea Sstimated for a typical case by analog computation. It 

appears that the commonly observed types of void inclusions will not significantly 
--c-ease the maximum internal temperatures within the stored wastes. '-0- 

TWWJRANIC ELEMENT AND FISSICN PRODUCT RECOVERY 

STrcntium Recovery Program 

:&-A Strontium Purification Runs - The first full-level strontium-90 purification 
1-2 in the A-Cell ion-exchange equipment (initiated in December) was successfully 
@sqLe*,ed, as was a second run. Som 5100 curies of purified strontium-90 was 
??covered in the first ru~l and stored in the product tanks, pending shipment. An 
a26itional 1500 curies of partially purified material is being held for re-work. 
Eigkt thousand three 
ir the second run, bringing the total inventory of purified strontium-90 to 13,450 
cxies, Isotopic pqity of the product was 56.0 f 0.2 percent strontium-90, very 
close to theoretical. Chemical and radiochemical purity was also very satisfactory. 
P-e product of the first nan analyzed 76.1 weight percent strontium, 11.0 percent 
calcium9 12.1 percent copper, and ~0.8 percent barium. Data on the second run are 
cc; conplete, but copper was eliminated through a process change and other impurities 
a11 also expected to have been substantially reduced. No radioactivity, other than 
:?.a: due to strontium (and its yttrium daughter), could be detected in either product. 
ALt,,lough bo+h mechanical and flowsheet operation was very satisfactory during the 
TWC rzs, several miaor equipment failures (leaking gaskets and valves) necessitate 
%ccrAtmication aad repair prior to the next run. 
srgriificant observations are described in the following paragraphs. 

- -- 

hundred and fifty (8350) curies of purified product was obtained 

Highlights of process changes and 

As Eerrtioned last mor?th, the as-received F-8 strontium concentrate contained copious 
qrracti+,ie$ of solicis wkich required addition of one mole of nitric acid per liter 
~f aclt;tioa to effect feed clarification. Solids in the feed used in the second run 
wci- wen more refractory. 
glete3 dissolve them, and the acidified feed could not be filtered through a coarse 
srnkred stairless steel filtar. 
12~5 ZEiy1IA coaplexed) feed did not appear to clog the ion-exchange columns. In both 
-xm, an excess of EDTA (over that required to complex iron and lead) vas added and 
:-:e FH adjusteci to a value of 4.0 (by ammonia addition) prior to feeding to the 
c~,~_;cIzE. 

c - -'.-a?. _I $-- 

e:~cq:C,Lon. was a brief period during the loading cycle of run number 2 when an in- 
L-zI'icient qumtitjr of HEDTA was inadvertently used. 
;cz.:& before this condition was detected and there was evidence of damage to the 
:?::E [dark color and increased pressure drop), 

e?t,,a- kitzing with additional mDTA. 

Zescfty of the installed equipment was expected, oa'.w basis of cold runs, to be 
T;eL1 ir, excess of 15,000 curies of strontium-90 per kun. 

Addition of 1.6 moles of acid per liter failed to com- 

Hok-ever, the remaining solids in the acidified 

"his treatment proved very effective in preventing absorption of cerium, 
rare earths, acd zirconium-niobium (as well as iron and lead). The only 

Some 25,000 curies of cerium 

A wash with a pH 4 HEMlA solution 
77- weu ~~cessful in removing most of the absorbed cerium, and loading was continued 

That found in the two hot 
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runs was substantially lower, a situation which may be due either to the large 
amount of acid required to clarify the feed (which results in a high ammonium ion 
concentration) or to some unknown impurity in the Purex material (which would tend 
to saturate ion exchange sites). 
at 7200 curies (despite use of two colms) and resulted in an overall recovery of 
only about 40 percent. The volume of feed used in the second run was tailored to 
the empirical capacity, resulting in an overall recovery, from feed to purified 
product, in excess' of 90 percent. Small ion exchange columns are being installed 
in B-Cell to study, with small volumes of feed, ways of increasing the capacity of , 

the process. 

Breakthrough in the first run occurred unexpectedly 

In the first hot run, the purification columns were in the mixed copper-hydrogen 
cycle, as had been the case in the cold runs and in previous (cold) promethium 
prification experiments. 
edge sharp, and any cerium and yttrium that may be present collect behind the 
copper (because of the relative ElYllA complexing constants) and cause a very high 
radiation intensity at that point. This intense, localized radiation caused severe 
gassing and also reduction of some of the cupric ion to metallic copper, an unex- 
pected observation which was subsequently duplicated in the cobalt source. 
phenomena (gassing and plugging with copper), caused channeling and band tilting. 
Although the process was still operable, purification was undoubtedly impaired, and 
the metallic copper caused severe gassing and contributed copper impurity when the 
product.was finally stripped from the last column with nitric acid. 
these difficulties, calcium was used as restraining ion in the second run and proved 
very satisfactory. Yttrium (which forms continuously from strontium decay) and any 
residual cerium passed continuously from the calcium form column, the bands were 
very well defined, and gassing was negligible. Copper was still used as restraining 
ion on-the final isolation column; however, the copper was stripped off with acidic 
EDTA (which does not displace strontium) as soon as the strontium band had moved 
onto the column and prior'to eluting the strontium with nitric acid. Although this 

worked satisfactorily, cerium will probably be used as restraining ion on 
this column in future ms to completely eliminate the possibility of metdLlic 
copper formation. Cerium, like copper, can be removed with acidic EEMlA prior to 
strontium elu5ion. 

The copper serves as restraining ion, to keep the leading- 

Both 

To eliminate 

The two runs afforded a thorough test of both the in-cell gama spectrometer and 
the in-cell ionization chamber -- which is installed at the bottom of column number 
5 to monitor pssage of the strontiurr band. 
factorily and proved invaluable to operation of the process. A similar ionization 
chamber "strontium detector" is accordingly planned for installation at the Hot 
Semiworks. During the runs it was also discovered that self-luminous bands, which 
were observed in the glass columns when the light8 were turned out, were due to 
the strontium and cerium-y-ktrium. 
controlling the operation. 

Both instruments performed satis- 

These luminous bands proved very useful in 

Hot Semiworks Strontfum-90 Recovery Program 

Feed Make-up for Solvent Extraction - Syathetic feed solutions (IAF) were subdected 
to gy irradiation. 
1 x 10 R; at 2.6 x 108 R solids volume was still less than 0.1 volume percent. 
However, these solids carr ed significant amounts of strontium. 

occur in less thn two days. 
12 hours. 
slurries to a.pB ,@bout 1.5. 

In %hese tests, solids foncation began at exposures about 

Based on an estiroa' 

Feed solutions will normally'be processed in less than 

exposure level of 1.3 x 10 2 R/hr in Hot Semiworks feeds, solids foqation shauld not 

Stron%iun: carried on the soli& was resolubilized by acidifying the 
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La5oratory Solvent Extraction Studies - Further mini runs simulating IA Column 
2xtraction conditions were made (first study flowsheet). Calcium extracted almost 
completely ucder these conditions; the cesium decontamination factor was 3 x lo4. 
Io cre run a solvent previously irradiated to 2 x 107 R was used; strontium recovery 
mC dzcontamination were not adversely affected. 
CO? given the usual pretreatment (washing with 10 percent NaOH and 6 M HN03) was 
used; again strontium recovery and decontamination were not adversely-affected. 

In another run irradiated solvent 

' Eatch contact studies indicate that molybdenum, if present in crude cut solution 
as mclybkte species, will not extract significantly under proposed IA Column 
cocdftions ., 

extraction of crude cut constituents under IA Column conditions was studied in 
detail 
eoncantratfons. 

The effect of ethylenediamine tetracetic acid (EDTA) concentration on 

As expected, extraction of all constituents decreased with increasing EDTA 

MiLiature pulse column runs were made to test variations In the z;B Column partition- 
Ing flowsheet. 
rates for citric acid in the aqueous phase. 
Sufferfng agent and produced a higher strontium-cerium separation factor than any 
cther reagent yet tested in the IB Column. 
was tested using synthetic UP solution as feed to the IB Column. 
of the strontium was stripped from the organic; strontium-cerium and strontium- 
calcium separation factors were over thirty. 

Chloroacetic, dichloroacetic and maleic acids were tested as alter- 
Dichloroacetic acid is a better 

Two molar acetic acid (vice one molar) 
Over 99 percent 

Installation and testing of equipment in the 222-S cubicle is essentially complete. 
1% is expected that miniature mixer settler runs using full level Purex crude cut 
solution will start early in February. 

Pilot Plant Strontium Solvent Extraction Studies - A second study flowsheet for the 
recovery of strontium from Purex crude cut solution by solvent-extraction has been 
2rspared and is currently being tested in cold semiworks pulse columns. 
flowsheet has the following features: 

This 

1. The feed la prepred by complexing the iron, lead, and most of the undesirable 
fission products with 50 percent excess EDTA and by adjusting the pH to ca. 
4.2 with sodium acetate and sodium hydroxide. 

- 

2, The feed enters the IA Column near the midpoint where it is counter-currently 
ContActed with 0.4 X di-2-ethylhexylphosphoric acid (D2EHPA) plus 0.2 M TBP 
in Shell E-2342 dilzent. 
calcium and I10 percent of the cerium should be extracted. 

A scrub stream containing 0.6 M citric acid neutralized to a pH of 2.6 to 
3.0 is introduced at the top 07 the IA Column. 
is to remve residual "inextractable" metal. Ions and to lower the sodium 
Concentration io the organic product stream. 

Under these conditions, all the strontium an2 

3. 
The purpose of this stream 

4. The product overflows to the IB Column where it is countercurrently contacted 
with 1 M citric acid. 
esserrtiay all of the strontium while leaving 275 percent of the calcium and 
>95 percezt of the cerium and other rare earths.in the solvent. The product 
stream having the column at a pH of 2.1 to 2.3 i6-suitable feed for a cation 
exchange column (Dowex 50 resin); however, for'.f$@ved cerium DF, the pH 

The flow ratio is adjusted to permit stripping.of 

will probably be adjusted to about three. .* 
42341 IS 
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5. Flow ratios in the above process are tentatively set as follows: 
IAF:IAS:IAX;IBX = 100:5:25:6. The strontium concentration in the IB 
product will be about 5 g/l . 

Preliminary results of the demonstration runs completed so far indicate that less 
than three percent of the strontium should be lost in the IA Column and less than 
five percent in the IB Column. 
the IAS seemed to effectively remove sodium from the solvent. In one run with a pH 
4.7 feed and an inefficient-appearing scrub section, the sodium concentration in 
the solvent was reduced from 3.8 g/l at the feed point to 1.3 g/l in the IA product. 
A more efficient cartriae has been installed which should reduce the sodium content 
still further. 
from 3.2 to 52.4 while usizg a pH 4.7 feed and the above flow ratios. 
IBP pH, using a pH 3.8 feed, should 5e about 2. 

the Sr E: varies from about 0.09 to 0.3. 
value whale the Ce E: should vary from 20 to 50. 

Hot Semiworks Reactivation - Progress in the construction program for interim proces- 
sing of strontium-90 has led to the acceptance of two processing cells, A and C Cell, 
for functional testing. 
complete in A Cell, acd 75 percent in E Ceil with the overall project being about 
85 percent complete. 
has revealed a relatively good operafiog condition for most of the equipment. 

The use of partially neutralized citric acid in 

The pH of the IBP withthis improved flowsheet has been reduced 
The minimum 

Over this range of pH (2.0 t- 2.4) 
The Ca E2 should be about 20 times the Sr 

Constructioc is 100 percent complete in c Cell, 9 percent 

To date fucctional testing of about 70 percent of the equipment 

Major areas of constrxticn have beeo: (a) two new binch diameter solvent ext- pat tic-- 

columns, (b) an 8-inch diameter ion exchaqe column, all welded process piping io 
A Cell, (c) repiping cf existing equipnect to fit the process, (d) revamping of the 
process vent system) additional contaicment, (e) transport line, (g) loadout facil- 
ities, and (h) general reactivation and repair of existing equipment. 

Preparation of Solid Strontium Coqoucds for Shipment - Precipitation of strontim 
peroxide and decomposit2on of the peroxide to strontium oxide is being investigated 
as a means of preparing a relatively stable stroo+,ium compound for shipment. 
peroxide has been pepared from strontium ni%rate, strontium hydroxide and sidatsd 
solvent extraction IXP (ion exchange coLm eluate) solution. Hydrogen peroxide is 
added along with suffficient sodium hydzoxide +.G keep the solution alkaline. 
Sr02.8820 formed was readily filtered on Whatman No. 1 paper. Recovery was essen- 
tially complete with PO0 percent excess peroxide. Tapped density of powders dried 
at 105 C was 0.4 g/cc. 
complete conversion of the peroxide tc the oxide in one hour at 400 C. Separation 
of calcium and strontium in the peroxide precipitation has not been determined. 
Calcium peroxide is reported 20 5e more soluble than strontium peroxide. 

The 

The 

Preliminary th3rm.l decomposition experiments indicate 

Strontium Peroxide Filtration - Semiworks scale filtration studies have been starteC 
rn strontium peroxide as aa intermediate to the preparation of strontium oxide. 
Filterability is comparable to stroctfum carbonate prepared by bicarbonate hydrolysis. 

Fission Product Packaging Prototype - Techcology is being developed in support of a 
conceptual Sr-90 packaging system for B Plart. 
and equipment requirements to convert strontium nitrate solution to a dry, free-flowtzg 
strontium product packaged for offsite shipment. The concept.1pcludes a radiant-he 
spray calciner as the thermal conversion unit. Design of a prototype of the latter 
unit is approximately 50 percent complete. 

The objective is' to define process 

123411b 
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IC other smdies, canister calcination (direct calcination in the shipping container 
without agitaticn) of strontium nitrate is being investigated as a means of pro- 
viding a stable packaged product with maximum simplicity and minimum remote handling. 
Ioi%ial atcdies appear favorable ., 

. Strontium Shipping Cask - Annular Decalso Unit - Tests 0f.a hydraulic mock-up of 
the annular inorganic ion exchange bed (+3O mesh Decalso) proposed for Sr-90 ship- 
ment were completed with studies of liquid distribution during loading and elution. 
Optimum solution flow patterns were obtained by prefluidization of a 90 percent 
full bed to achieve uniform packing followed by downflow loading or elution. 

Lead-S%afnless Steel Bonds in the Fission Product Transfer Cask - To assure adequate 
heat transfer in the fission uroduct transfer cask currently in fabrication, it is 
necessary that the bond betwein lead and stainless steel in-the cask remain intact 
through thermal cycling. 
of lead was obtained from the fabricator. 
procedures used in preparing the sample were the same as those proposed for cask 
fabricationo Wafers cut from the lead pipe were exposed at temperatures of 300, 350 
and 400 F in argon-filled desiccator. Each sample was subjected to eleven thermal 
cycles In which the temperature was reduced to 100 F for one hour and then returned 
to the test temperature. 
was noted on any of the samples. 

A sample consis;ting of a stainless steel pipe poured full 
The surface pretreatment and pouring 

No evidence of separation of the lead-stainless steel bond 

Measurement of Calcium and Cerium in Strontium Recovery Streams 

Reliakle, rapid neasurement of calcium, cerium and barium was needed to follow 
strcztium purification while developing a solvent extraction process for recovering 
strontium. Despite D2EHPA's (the process extractant) impairing seriously much of 
zke no& calcium and cerium analoical technology, suitably rapid analytical 
method3 were developed for the two metals. The success of each method depended 
primarily upor increasing the response of the metal sought in order to allow dilution 
cf samples and consequent reduction of interferences from sample matrices. Calcium 
was asalyzed flanephotometrically in sample diluted as much as 200 times with 49.5 
percer?t 2-n-butoxyethanol - 0.5 percent perchloric acid. Both aqueous and organic 
samples were solu5le in the diluent, Calcium emission was enhanced by the butoxy- 
orkacla Preliminary =sting of the method indicated a 5 percent error. 
tion of cerium was done by the copper spark emission spectrographic method. 
akiiitjr to de%ect 0.02 dcrogsam of cerium permitted reducing matrix interferences 
hjr diluzing the 3mpI.e~. Sow samples, including those of the organic, strontium 
prod~ct stream, confaised too little cerium to allow dilution. The error of the 
nethod was some 15 percent where sample dilution was possible; otherwise, 50 percent. 
Medffleation of the cerium method gave a feasible determination of the less important 
:ar.iunu. 

Determina- 
Its 

ikte&=nat:on of Physical Properties of Low Melting Alloy 

T% melting points, freezing points, and contraction and expansion on solidification 
a& agelng were detemined for low-melting bismuth-lead-tin-cadmium alloys under 
cscsiZeratior for heat transfer media in fission product shipping casks. 
was #%vised to zeasure the volumetric change of the alloy to f 30 percent during 
;zelt:-,g, solldffica5fon, cooling and ageing, Linear coefficients of expansion of 
a 1a~1il.y chilled bar were measured to f 10 percent with a dial gauge in a simple, 
rLgr2 munt0 Melting and solidification points were determined by measurement of 
the ra%e of temperature change with uniform heat input. The equipment is suitable 

Equipment 
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AIPALYTICAL AND XNsmr?! CHEMISTRY 

Reliability cf Ru-lo3 Determinations by Beta Absorption Counting 

The method of BuschSom and Nicholson (W-67305) was used to measure the counting 
error in Ru-103 determinations derived from beta absorption counting of Ru-lo3 - 
RU-106 mixtures. The method included a consideration of the errors introduced by 

(a) the magnitude of Ru-103/106 counting rates obtained with and without an 
absorber, (b) the Ru-lo3 to RU-106 ratio, (c) the calibrations for each isotope, 
and (d) the counter backgrounds. Currently, most material has a 103/106 ratio 
below 0.1 and the error of a Ru-103 result based on one 10-minute count is 100 
to 150 percent. By comparison, simplified counting statistics erroneously suggest 
an error of only 20 percent. As may be expected, error was largely dependent 
upon the 103/106 ratio and on the smple/background ratio. 

Mag-,etic Pulser 

Pulse pressures developed in the 1.55-inch totally enclosed magnetic pulser were 
measured. 
from minimum to maximum at a pulse frequency of 40 cycles per minute. 
pressure quickly reaches a maximum and then goes to zero gradually over the last 
half of the stroke. 
Performance of tbis type of pulse has not been determined. 

The peak pressure was varied from 3 to 10 psig by varying the power 
The .. 

The positive and negative pulse had the same characteristics. 

Cocticuous Centrifuge 

The 6-inch continuous centrifuge intended for use in 2 Plant has been damaged 
agair: by vibration resulting from misalignment during assembly. During the 
recent vislt of the manufacturer's representative (reported last month) the 
machine was assembled with 0.002-inch TIR (total indicated runout) at the outboard 
ecd of the bowl and the machine ran quietly. However, upon reassembly after the 
=chine was taken down for a nlnor mcdiffcation, there was 0.004-inch TIR at the end 
of the bowl. This was considered to be within reasonable limits and the machine 
was started up. 
filled with water. The vibration then increased to the point where the rotating 
5owl hit tke stationary case. The %owl was deformed so that there is now 0.011- 
icck TIR at the outboard end. Further work will depend on the recommendations 
of 5he nianufacturer. 

Vibration was noticeable but not excessive until the bowl was 

Pump, Agitator, and Valve Development 

A total of five Ghempumps have now been modified to include tapered bearings and 
hydroclones, --in tested, and delivered to the Chemical Processing Department 
for plant installation. 

The HAP0 designed acd fabricated deepwell turbine pumg-agitator for Redox TK-E3 
has. passed its 100 hour run-in. 
of those required and operation was smooth. 
ferred to the plant for installation. * 

Head and capacity characteristics were in excess 
The pump-agitator has been trans- 

t 
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Experimental Nickel-Base Alloys 

Salrples from two small heats of 
Company, Metallurgical Products 

UFO-20 alloy produced by the General Electric 
Department, have been received. Corrosion rates 

for the two heats were nearly identical on exposure to HHO3-m solutions and to 
65 w/o Hm03 (Huey test) although the melting procedures used in producing the two 
heats were quite different. Corrosion rates in HNO3-Hp were nearly the same as 
for a heat of the alloy produced at Battelle Memorial Institute; rates in the Huey 
%est were slightly higher. 

Nori-Me+.allic Materials 

Two samples of polyethylene which were submitted to the Chemical Processing 
Department for possible use in Purex pulse columns were tested for radiation 
damage. 
characteristics. 
in radiation stability. 

A sanrple of aluminum silicate was tested in a chlorine saturated sodium-potassium 

Both are linear polyethylene with an additive to improve fabrication 
Neither of the samples is the equivalent of linear polyethylene 

chioride melt at TOO C for four days. There was a small amount of 
evident on the sample at the conclusion of the test which may have 
thermal shock. The test is being repeated. 

PROCESS CONTROL DEVELOPMENT 

Electrolvtic Conductivitv Cell 

surface checking 
been caused by 

Calibration of the newly designed electrolytic conductivity cell described last 
month is now complete. 
tion ranging from 1 to 3 molar have been established over the temperature range 
25 to 50 C. 
'3ne molar acid and f 4 percent at 3 molar acid. 

Curves of electrical conductance vs. nitric acid concentra- 

The precision of the measurements is estimated to be f 2 percent near 

The cell used for these calibration runs is scheduled to be installed as a proto- 
:ne 3n the Purex 1BP sample line downstream from the 1BP neutron monitor. 
Drwirzgs of piping details are being prepared for installation in the 1BP sampler 
exlosure 

Calciner F'urnace Control System 

A K-calciner test in which the calciner furnace temperature controller was used to 
~s-ually program the finish section shell temperature during startup revealed a 
system malfunction when the setting of one of the phase balance rheostats (TZ-2) 
vas adjusted downward. The resulting upward excursion of shell temperature was 
trace6 to the fact that the feedback voltage to the controller is proportional to 

the change in rheostat setting in the phase supplying the feedback voltage. TO 

Eirfnize this temperature excursion the feedback phase rheostat, TZ-2, must be set 
ard locked at 20 percent of full scale, and power adjustments to balance the furnace 
she11 temperatures during operation must be made with the other two phase rheostats. 

Control System Study for Redox U, 2A, and 2B Columns 

A proposed control system for Redox lB, 2A and 2B columns has been reviewed and 
discussed with CPD Research and Engineering personnel and a Foxboro field engineer. 
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STcLfficient informtion xas obtained 20 be ce3ain that the necessary malcg cal- 
culations can be carried out pneumatically by making minor additions and modifica- 
tions to existing instnurentation. All hardware necessary for cascade acd ratio 
zolitrol of the existing Foxboro Model 40 controllers is also available as standarcl 
equipment. 

Control S.-stem Development far Recuplex 

A method of modifying the present flow controllers at Recuplex to function as ratio 
zontrollers has been iEvestigated. 
with commercially available equipment at about $200 per controller. The first flow 
ratio control application to be tested will be the CCF to CCX flow ratio. The 
optimum operating ratio will be determined by the product concentration in the 
top of the CC columns as measured with a neutron monitor. 

It now appears that this can be accomplished 

C Column Tests and Facilities 

Experimental runs to define the flooding capacity limits were initiated this month. 
Anong other things the flooding threshold was observed to be a function of the 
degree of interface control. 
energy in the product exit lice from the column. 
of the month to service the pulse amplitude control device, to install pressure 
transducers for column density monitors and other miscellaneous services and 
adjustments. 

This is related to the dissipation of the pulse 
The facility was down for part 

C Column Data Treatmect 

Available data on the concentration of nitric acid vs. pH in uranyl nitrate SOlUtiGES 

was extracted from the literature and punched into IBM cards. This informatior, 
will be used in the reduction of the data obtained with the absorptiometer Dats 
Logger, descri5ed last month. 
brated organic acid concentration was not necessary, as it will be determined froa 
the measured values of organic uranium, aqJeous urmium, and aqueous acid concen- 
trations. For this purpose tabulated equilibrium organic acid data were obtained 
fron Figure 4, KAPL-602 and punched irito IBM cards. 

It was decided that direct measurement of the equili- 

The ~ecessary revisions in the Data Reduction CGde were made to accommodate this 
latest addi?ional means by which data may be obtained. 

Analytical Expression for Equiiibrium Diagrams 

Development of eqcations to fit the curves of the equilibrium diagram for the sjrstan: 
(crganic urmium cocc. vs . aqueous uranium CGUC. and aqueous acid) proceeded durhg 
+,he monfh. The equations determined thus far related organic uranium conc. to 
aqueous uranium conc. at constant aqueous 8Cid values of 3.0, 2.0, 1.0, 0.03 and 
0.00 molar. 

The fom of these equations was predicted by chemical equlibrium theory. 
equations fit the data well for the high acid curves, but with less accuracy for 
the 1cw acid curves. However, these equations generally contain fractional expon- 
ents and are too coqlex to be useful for substitution ilito an pylytical model of 
extracticn colu.un kehav:or. Therefore, to obtAin a nore useable form of equation, 
tka data are Seil=g fit5ed empirically by a poljrccmial expression. 

These 

These polynomial 
equa5ions are currently keing developed for the low acid curves, i.e 
ational range 

5. ; 
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Sal5 Cycle Process 

Plutonium Behavior - Additional attempts have been made to segregate the effects of 

water vapor and oxygen in determining the extent to which plutonium "follows" 
- uranium during electrodeposition of U02. 

presence of three different sweep gases, as indicated. Resillts obtaired were as 
fcllows : 

Three "co-depositions" were made in the 

PU/U in Deposit 
Pu/U in Salt after 

Sweep Gas Partition Deposit ion 

Dried Air 0.3 

pU/U in Initial Feed 

0.4 

Air containing H20 
Vapor at 4.5 mm ~g 

1.0 

Helium containing 0.85 
H20 Vapor at 23 mm Hg 

In all three cases, a prior "partition" deposition had 
mi misture-free conditions. These gave the expected 
wanium being removed as "by-product" U02, essentially 
factors in these three partition depositions were 100, 

1.4 

1025 

been made, mder cqrgen-free 
result, a portion of" the 
free of plutonim. Scpcirafion 
150 ard 125. 

From the tabulated "co-deposition" results, it is apparent that water vapor is'a 
desirakle ingredient, ad indeed may be the essential one. However, tho orly case 
lo which plutonium deposited at an equal (relative) rate with uranium was in +,he 

experinert in which both oxygen and water vapor were present. 

Stucifes of Electrode Processes in NaCl-KCl System - Recent studies confim that, 
cxvgez acd water vapor have distinctly different effects on electrode polarizaticr 
&iring electrodeposition of U02. 

lr these experiments, the extent of electrode polarization is evaluated by aeasuring 
+he limiting current, i.e., the value of current at which the current pssed 5y 
Yke electrolysis cell is independent of voltage applied to the cell. 
5ks limiting current was first ascertained with a helium sweep after which the 
Gff%ct of a different gas sweep was evaluated. 

The value cf 

1% was found that dry sir has the effect of depolarizing the electrode( s ), allowing 
~k? limiting current to double. 
izlng effect, the limiting current decreasing with time, and approaching a value of 
s~A'; cne-third that existing with a helium sweep. 

Conversely, a moist air sweep has a distinct polar- 

P-e effect of dried air in depolarizing the electrode appears also to 3e directly 
related to uranium concentration, i.e., doubling the uranium concentration doubles 
the limiting current which can be obtained. 

These observations suggest a number of speculative possibilities as to pertinert 
mechanisms. However, additional data will be required to pare these to a manageable 

1234121 
number 



Gromh of U02 Crystals 

Attempts to date to over-grow a seed clysfal to product a large single crystal of 
U02 via electrodeposition Lave been largely msuccessfbi, cwing to an inability tc 
prevent polycrystalline growth. A difficxlty appesrs 50 5e the teodency for pcly- 
crystallice growth to initiate at the me15 interface whec the seed crystal is only 
partially imnersed ic the melt. 

Some success has been experiecced in enlarging cer*ain crystals experimentally by 
ioitiating growth on a kighly-polarized acro-elec.;ro6e0 
certain crystals grow preferenfially aEd the end result is a "mace" composed of 
long, "spear-shaped" crystallites exterding radially io all directions from the 
initial micro-electrode. 
single crystals or at mast a very sal1 num3er of similarly oriented single 
crystals. 
hoped that further refinements will enakle this grow-kh to be emphasized in a 
single direction to further enlarge one or a few of tke indivilaal crys+allites 
to obtain larger single crystals, 

Under these conditions 

X-ray diffraction shows these crystallites to be efthe 

Crystallites up to 3 m long have been grown in %his fashion and it is 

KCl-PbClp System - Studies are confinufng on the KC1-PbC12 melt, as a potential 
lower-meltirg medium IC which to apply the Salt Cycle Process. 
aspects of the KCl-PbC12 system disclosed by recent studies ioclude the following: 

Interesting 

1. The physical appearance of U02 3eposi%s made by electrodeposition out of 
47.3 m/o KC1-52.7 m/o PtC12 at 450 C is not sigcificantly altered when %he 
gas sweep above the melt is changed fron; chlo-ire to helium to dry air to 
laboratory air (ca. 20 pereect relative hwiCity). 
ca~es were den*Eic in appearance, iacviaual growths Seicg ea. 2 m io 
length and 0.2 m in diameter, md imludirg a high proportiorcf fines. 
Likewise, chgngicg the currerzt cieasity fro= 0.057 tG 0.18 amps/cm2 had EC 

apparent affect on %e appearance or tag dessfty of %he product,. No dats. 
are yet avaflakle on chemicai ccntent or oxyqen/uranium ratio. 

The U02 deposits in all 

This behavior i3 iz marked contrast 30 +;La? observed ir MaCl-KCl at 700 
to 800 C. In this aystem replacicg azt air cnviromtt wi%h a chlorine 
enviromn% c-bges the deposit fron a ~CFOLS "dendrltic" depcsit to a 
smooth, L.OCSJ, +-i&tly adheren% 2epaLt 

It is s~:specfeti that this difzerenca is largely me of temperature, 
idsrence is that +,he ?referre6 grcwth of YO via 2iectrodeposition is as 
ceedle-like crystalli*?s but that at TOO to 6 00 c! in the presence of cblorix 
ad uranium(IV) (fomd by reaction of 30$12 with csrboa ad cldorine at 
the graphite anode), tS-. UOe deposit is re-dissolved as it fom9 the net 
resut Sefcg a chemically piished smooth deposit. 
both these dissolufioc processes are suppressed and tke U02 is allowe& to 
grow ic its preferred orieotstion. 

The 

In the KC1-WCi2 system 

2. depositio2 stenfials for U02 and lead are sewrated by a sufficiently 

FDr e-ple, ';he deposition of U02 out of 0.15 xnolal UO$12 - 47.3 
wide =gin +,c We electrcdepcsitFo2 cf UOz easily practical out of such 
mlts 
m/o KC1, 72.7 m/o ptci2 occurs at a po~~tial a3out 0.75 volts below that 
a$ which lead r3epsifs. lmis is consiater?t with the Geborted high degree 
of cczplexirag of lead ic tEs meit, ir which the lead has been reported to 
exist primariiy as arionie SFPC~~E. * 



c-15 

3. A varie%y of observations suggest that the KCl-PbC12 systexri offers the 
Frospect of greater versatility than the NaC1-KC1 system fr! that %he effectlve 
concentration of "free chloride" can be varied over wider limits, by simply 
varying the Kcl/PbC12 ratio. Dissolution of U02 into KCl-RC12 by chlorine 
is substantially faster than into KC1-PbC12. 
potentials for both U02 and lead are increased somewhat when the KCl/PbC12 
mole ratio is increased from 1 to 2. Interestingly, electrodeposition of 
U02 out sf 2KCl-PSC12 produced "spear-point" crys+ds as before but in this 
case the individual crystals were significantly larger, about 3 mm. long 37 
0.5 mm in diaueter. 
the occluded salt appeared to be more readily removed by washing with hot 
watsr when the deposition was made out of 2KC1-PbC12. 

Likewise, the deposition 

Last, although no chemical analyses are available, 

Thus, the KC1-PbC12 systems offer attractive possibilities for uraaium processing 
51xt any decision as to their utility for the Salt Cycle Process must, await plamsd 
studies with plutonium. 

Chebllical Decladding - Studies of the integration of a chemical declsdding step iztc 
the Sal% Cycle Process have continued. 
with molten PIE12 at 550 C. 
is a Pyrex %ube. 
smaLl amounts of ZrC14 were still evolving after two hours. 
was added to form an equimolar KC1-PbC12 mixture. 
as a catalyst. 
t.ke V02" 
was found on the cathode. 

A Zircaloy-clad U02 fuel pin was declad 

The reaction was essentislly complete in 15 minutes, although 
The zirconium was volatilized as ZrClq and condelzsed 

At this point KC1 
One mole percent CuCi was ad&d 

The solution was chlorinated at 600 C for 150 misutes %o dissolve 
An electrolysis was then carried out at 550 C but no deposit of YO2 

Elzctrolyses of UO C1 
at 550 C preceded Ey Lorination at 600 C and in equimolar NaCl-KC1 at 700 C precede5 
b-7 chlorination at 800 C gave poor UOg deposits. 
lyses of UO$12 in both melts in the presence of 0.5 mol percec+, CuCLj 0.5 mol 
perce~t TlCl, or Zr02 fines, gave good U02 deposits. 

Vfsual Dbservation has indicated that a boiling mixture of dilute acetic aciL ac5 
EIYX is WFO, effective than boiling water in removing PbC12 from U02 deposits. 
1CSsziceL analyses of salt saaples and U02 deposits are not yet available. 

Mat;erials of Conatrxtion - Chlorinations and electrolyses of UO,Cl, were carried 
0':: vith both equimolar KCl-PbC12 and equimolar NaC1-KC1 in Hastellojr D c-ncibles 
~:%h Eastelloy D cathodes and graphite anodes. 
~lf?, 1Sttle apgarent corrosion of the Hastelloy D. 

in the presence of ZrCl4 dissolved in equimolar KC1-PbCL2 

Similar chlorinations asd electrc- 

Good U02 deposits were ob5aiced 

%rve~si~n of UIOB +A U02 - A test was made to determine the feasibility of COEVertfrg 
-72 t.c U02 ilz a molten salt bath. 
P'Xlg-KC?. at 550-650 C. 
viciaLtly 5ut pieces a%ou+, half aa inch in diameter reacted more slowly an6 prcducd 
vary lfftle sglashing. 
flms, bat an orange deposit was later found on the bottom of the crucible. 
sc=l,-tion was cklorinated at 650 C for 140 minutes and electrolyzed but EO UOz 
k~sit ns obtained. 
gav? a looseby adherent U02 deposit. 

Pieces of solid UlBH were added to equholar 
Fine particles produced appEciable foaming and reacted 

Ail pieces disintegrated rapidlywith the productior of NO2 
The 

After six more hours of chlorination a second electrolysis 
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Coctinuous Ion Exchange Contactor Development - Jiggler Contactor 

Investigation of the parallel arrangement of the adsorption and elution columns is 
continuing. The C Column, however, has been mdified by replacing three feet of 
the upper part of the column (which contained liquid) with an air lift recycle line 
to the A Column. 
imbalance which assists in mving the resin. 
determine whether or not this imbalance will adversely affect the flow of feed and 
scrub streams. To assist the upward resin movement elution upflow will be used in 
5he C Column. 

The removal of part of the liquid head creates a hydraulic 
Operational tests are underway to 

The physical operation of the present arrangement appears to be the best attained 
to date. If the hydraulic tests prove favorable, these will be followed by effic- 
iency runs with thorium-traced feeds. 

FiADIOACTm RESIDUE FIXATION 

Meltable Mixtures 

Results were reported last month on the melting characteristics of certain sodium 
sulfate-ferric sulfate mixtures which are of interest in waste calcination. Measure- 
ments were made this month of the pressures developed above such meltable mixtures 
in the temperature r&ge 700 to 900 C. 
square inch. 
results seem to indicate that excessively high pressures will not be developed 
during storage. 

Maximum pressure observed was 27 pounds per 
Although the longest heating time was only about six hours, these 

Radiant Heat Spray Calciner 

The spray calciner has been re-assembled with the jack-leg filter, which was designed 
for in-cell use to reduce overall height, and with ceramic cloth filters in the 
filter unit. 
nozzle and the other with a two-fluid nozzle of the type used in most previous runs. 
The sane feed, simulating a projected plant composition, was used in both runs. 
Botk the ceramic cloth filters and the jack-leg arrangement seemed to function 
very well, althoTagh longer nuls will be cecessary to give a thorough test. The 
high pressure nozzle gave a powder product that had a larger particle size and was 
mre free-flowing than nomal; however, with this nozzle there was considerable 
impiwcment on the upper walls of the column (10 to 20 inches below the nozzle). 
This type of nozzle may, therefore, find application in larger sized units, where 
less impingemnt would occur, but two-fluid nozzles continue to be preferred for 
sl*Ja31 col~ms. 

Two runs have been made -- one with a single-fluid high pressure 

Mineral Reactiors 

La3oratory studies of the elution of adsorbed cesium from clinoptilolite utilized 
2.5 M solutiom of ammonium sulfate. 
5 
required 50 attain the same elution. 
an eluting solution because of the instability of the salt under some conditions. 
F'urther experiments will evaluate ammonium acetate as an eluant for cesium. 
Clinoptfiolite columns were also experimentally eluted wit$ 2 M nitric acid since 

This elution was compared with that using 

It is desirable to avoid ammonium nitrate as 
--nium nitrate. Roughly twice the volume of ammonium sulfate solution was 

- 
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++2 - eluact would produce s desirable feed for a calcination precess. This resulte? 
LT. very aiow cesium elution compared to either ammonium salt. 
raglay eluted from climptilolite by either ammonium nitrate or ammoniun sulfate 
erlutions, more than 99 percent being recovered in the first column volume. 

Radiostrontium is 

Slispatiaed organic material is removed from Purex boiling waste tank condensate by a 
1ed of activated carbon much more effectively at pH 5 than at the normal sclution 
;E 3. 
A--.gezte 
frz~ of suspended matter. 
ic least greater than 1000 bed volumes. 
Tarerial is not expected to interfere with the ion exchange of radioisotopes as did 
rke suspnded matter. 

The was%e initially contains about 100 ppm TBP and about. 20 ppm petroleum 
The carbon bed does not remove all dissolved organics but the effluent is ,i - - 

Laboratory experimeots indicated a carbon bed capacity 
The small amount of dissolved orgmic 

T-e reduced pH affects the adsorption of some of the radioisotopes from the waste ky 
clfroptiloli+x, particularly the adsorption of radiostrontium. It was found that 
a comnercfal sulphonated polystyrene resin readily adsorbs both strontium and cesium 
frcm these wastes in the pH range 1.6 to 7.1. Strontium equilibrium distribution 
ccsfffeients greater than 75,000 were obtained with this resin and a 22 cm bed 
fl3wFCg at 4 gal/ft2/min gave a strontium decontamination factor greater than 1000, 
PAS naterial had cesium equilibrium distribution coefficients ranging from 700 to 
SO00 in the pH range studied and the 22 cm column also gave a cesium decontamination 
faczor greater than 1000. 

ST-Aies of the effect of solution pH on the fixation of radioisotopes from neutrai- 
lzed Purex 1WW waste on beds of zeolites were continued. 
'2 cozpa-e the behavior of clinoptilolite with that of a commercial synthetic zeolite. 
Ee equilibrium distri5ution coefficients for cesium and cerium were measured for 
each of the zeolites at various pH levels, using synthetic 1WW Purex waste spiked 
~:%k samples of actual waste. 
~Ltk clinoptilolite was higher than that with the synthetic zeolite for both cesiun 

a~d cerium. 
a*., pE 1.3 to 1770 at pH 11.8, and cerium distribution coefficients ranging from 
Lo7 a% pH 1.5 to 3640 at pH 11.6. 

Experiments were conducted 

At each pH the measured distribution coefficient 

Clicoptilolite had cesium distribution coefficients ranging from 950 

Early exprgmnts in the Micro Pilot Plant (MPP) indicated that removal of orgacic 
mtter from Purex Tank Farm condensate by passing through activated carbon prim C,c 
?- +=sage " 

=aove eesiu-137. 
:IL cesim ikccntsmicatioc factor with and without pretreatment of the feed. 
*?- pretreatmnt during the run was quite effective in removing organic, the rasul:s 
:::&greed wf5h those ob*ained earlier. The clinoptilolite removed cesium with a 
?xcrkninaSfon factor of 400 to 800 with feed pretreatment and with a decontamin- 
5-f~~ factor of 1000 to 1400 without feed pretreatment. The manufacturer of the 
sC -va+,ed carbon indicafes that it contains a small amount of water soluble ash, 
_sa:: of wkich is potassium. Early bipP runs used activated carbon which has been 
vigcro~s>~ washed. The activated carbon used in Run 13 received little washing. 
S~LW pc-,aasiun? can compete with cesium in the ion exchange reaction with clinop- 
::lclittt2 there is a possf5ility that potassium was being leached out of the 
rarmr: duriq the run causing a reduction in the cesium removal efficiency of the 
c L: LC ptilol4te bed e 

tkough clinoptilolite, improve appreciably the ability of +,he mineral %o 
MPP Run 13 was performed to measure more carefully the difference 

While 

- -2 



c -18 Ew-6835 <* 

BIOLOGY AND MEDICINE - 6000 PROGRAM 

Geology and Hydrology 

The surface of the "blue clays" portion of the lower Ringold formation is an un- 
conformity or erosion surface similar to that on the top of the Ringold formation 
beneath the Baaford Works area. 
and filled with gravels of the Ringold conglomerate; the channel filling material 
is more permeable and of lower exchange capacity than the material in which the 
cbannel was cut. This is similar to those channels in the Ringold surface, filled 
with recent fluviatile gravels. 

At least one channel was cut in that lower surface 

The one channel identified trends southeastward from near 200 East Area toward the 
300 Area, hence does not parallel channels on the Ringold surface. Limited evidence 
suggests its presence beneath 100 B Area. Ground waters in the Ringold conglomerate 
may move into the channel hence in directions differing considerably from those of 
shallower ground waters. 

The gravel which forms the lowermost bed of the Ringold formation and lies directly 
upon basalt was shown by recently completed wells to thin to the east and south- 
east, 
disclose that the bed evidently is an alluvial fan deposited by an eastward-flowing 
stream. It thins northward, grades and Interfingers into finer material to north, 
east, and southeast and is overlain by silts and clays. Thus, it more likely is 
part of the Ellensburg formation, deposited by an ancestral Yakima River, than 
Ringold, deposited by the early Columbia River. 

Correlation of the data to those from other wells and geologic interpretation 

Development of the refined program for solving the non-linear differential equations 
for partially saturated flow was completed and preliminary results were obtained. 
In addition to the fundental value of the resultant improved understanding of 
ground water flow, the equation systems are expected to apply to such problems as 
tke evaluatior of monitoring facilities for detecting leaks in buried waste tanks. 

A mathematical model was developed that peraits the determination of stream-lines 
for a two-source probles. 
beneath a crib as they intersect the capillary fringe above a flowing water table. 
AE example calculation was performed for ac eight-foot square crib with the bottom 
28 feet above the water table. 
ground water eetablished the point at which wa+sr from the crib enters the water 
table. 

The model was used to study the shape of flow lines 

The crib flow relative to the flow rate of the 

The model may be applicable to evaluation of monitoring well locations. 

Soil Chemistry and Geoche~istry 

The incorporation of uranyl ion during the calcite-fluoride replacement reaction 
was previously founC to be directly related to the amount of dissolved oxygen in 
tke fluoride solution. 
(CaF4)-2 might be responsible. 
To substantiate that an inverse relationship between temperature and uranyl ion 
removal exists during the calcite-fluoride reactibn, a one-half replicate factorial 
experimeLtal design was utilized. 
ant at the 99 percent confidence level. 
determined that the addition of sodium sulfite to these systems would remove 
dissolved oxygen without reducfnq LI(V1) to U( IV) 

It was postulated that the substitution of (U04)-2 for 
The incorporation mechanism was investigated further* 

It was found that temperature is highly signific- 
From theoretical conaiderations it was 

Experiments. ,were therefore 
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perforzed Z~th with md without the addition of sodim sulfite and %he effect cf 
5mqerac,uPe oc the two systems was compared. In the sulfite-containing system, 
urwyl ion removal increased at higher temperatures in marked contrast to %he 
iwerse temperature effect observed in the other system. This tends to confim 
t;k impor',ance of a uranyl ion-oxygeqcombination in uranyl ion removal frcm such 

fluoride solutions. The experiments also indicated the existence of another re- 
mval mechanism involving uranyl ion without oxygen. 

A laboratory investigation was initiated to study replacement reactions involving 
sAffde md arsenosulfide minerals. Initial experiments were designed to study 
%he minerds chalcoppite (CuFeS2), arsenopyrife (FeAsS ), and sphalerite (ZnS ) a 

A rsdfccation, zn-65, and a radioanion, P-32, were selected to begin this investl- 
gation. Variables to be studied include solution pH, salt concentration, column 
flow rats, mineral grain size, temperature and solution oxygen content. Prelimicary 
results indicated effective removal of Zn-65 from solution by chalcopyrite while 
lit,%le or no P-32 removal was obtained with sphalerite. 
m6ergoes severe oxidation under experimental conditions giving a colored effiueni, 
witk a tecdency tc produce flocculent, brown precipitates, probably ferric hyciroxile. 

The arsenopyrite bed 

Fh12 Apparatus Development 

The equipment and method for inserting six 1-1/2 inch diameter plastic piezozzemr 
pipes simultaneously into an eight-inch well proved successful. 
to $he greatest depth was over 500 feet long. 

The pipe inserted 

Well 299-11-2 was equipped with such piezometer tubes to permit the measuremen+, c4 

head a+, six depths below the water table. 
from these depths. 
25 fez+,. 
+he original well casing and sealed with a 30-foot plug of pressure grouting, 
Whzt installation is complete this facility will permit evaluation of vertical 
3Lfferences in piezGmetric head, which may have significance in ground water saq2zi5 
-perf or!Eac@e 0 

The system will also permit sampling 
Each tube is sealed at the bottom and perforated In the lower 

The perforated section is contained in a 30-foot bed of sand packed LO 

A ccnrcercial particulate and gas monitoring system was calibrated and tested, 
systemp a prototype of an improved model, generally met the vendor claims: al5houg.h 
scveraL changes which would further improve the unit were yecomended. 

The 

A scintillation well probe for gamma logging two-inch diamefer wells was asse&lcl 
a.cd a special detector for the gamma spectrometer was designed. 

Frc*?cSFve Agent Studies 

E14rtron spin resonance measurements were made on solid erioglaucine dye, radish 
s?sds, and irradiated radish seeds. 
absorption about 2000 gauss wide with a super-impse small resoriame absorption. 

seeds had a resonance absorption about 1015 spins per gram. 
%: $ve an absorbed dose of 105 rads, the radish seeds had a spin Concentration of 
i&' spir.s per gram. 
kalf-iifa of" akut six days. 
LC uirradiated materials of interest in radiation protection studies, that mre 
are p?oii~ced on irradiation, and that these latter spins have relative long lifetimes. 

"he spectrum of the dye showed a broad singlet 

Tk s~g31 resonance aborption represented about l& i spins per gram. Radish 

After Co-60 irradiation 

This latter spin concentration is decreasicg with tlme with a 
These studies show that unpaired elec5ron spins exist 

1234 121 
r.. 

.. 
**- 

a'- 



m c-20 Hw-6838- 

Paper electrophoretic coplparison of defibrinated swine blood and the same-blood 
incubated with erioglaucine showed that some component in the blood combines 
with erioglaucine to form a distinct species. 
that this combination might represent a means by which erioglaucine effects the 
obsemed protective action, namely by shielding a radiation sensitive site from 
attack by free radicals. 

It is interesting to speculate 

&!& Chemical Research d Development 

LP Bupp:cf 
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Dr. 3. A. Kornberg is attending the General Electric Company’s Advanced 
Managemnt Coarse at Crotonville, New York. 

TECHNICAL ACTIVITIES 

FI3SIOitirLBT,E MATZFUAIS - 2000 PROGRAM 

XOLOGICAL MONITOFUN G 

Radio iodine Contamination 

Routine collection of jack rabbit thyroids for purposes of monitcring radio iodine 
contamination was discontinued, 

Columbia River Contanination 

Concentrations of gross beta emitters in all species of fish from the 
Columbia River continued to decrease during the month, reflecting decreased 
metabolic activity resulting from lower water temperatures. 
concentrations in whitefish flesh at Ringold were approximately twice those 
observed last year; the average value in flesh of seven whitefish taken a.t 
Priest Rapids was about one-fifth 

Average 

those obtained at Hanford and Richland. 

Specific values for fish flesh at all sapling locations follow: 
Collection pc/g Wet Weight Trend 

Sample Type Location Date No. Average IIaxixnum Factor 

Whitefish Priest Rapids Lec. 18-21 7 1 x lo-‘ 4 x lo4 -3 
PIu s c le Elanford Jan. 4 11 5 10-4 9 10-4 -L 9 

Ric hl and Dec. 14-15’ 8 6 x 2 x loS3 -_ 

Sturgeon Priest Rapids Dec. 19 2 1 x 10-5 1 x 10-5 -- 
Pks cle 3anfora Jan. 5 1 3 x 10-5 3 x 10- 

S.M. Bass H -n f ord Jan. 4 1 1 10-4 1 10-4 

McNary Dec. 27-29 2 8 x 10-5 9 x -11 

5 

ihscle 

Squawfish Hanford Jan. 4-5 5 2 x 8 x IO“ 
idu scle 

COS. Sucker Ilwford Jan. h-5’ 5 5 10-4 8 10-4 
Muscle Ric:.la.nd Llec. 14-15 2 4 x lom4 4 x -- 

NcNaxy Dec. 28 3 1 10-4 2 10-4 

F.S. Sucker Richland Uec. 15 SJ 3 10-3 4 10-3 -- 
Ihscle 

I 2 3 il 2 9 iContinLled) UNCLASSIFEII 
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Collection rc/g Wet Neigh Trer 
Sample Type - Location Date No. Average liaxirrrum Facto- - 

-3 x 10-5 3 x 10- 5 

Chiselmouth McNary Dec. 20 5 3 10-4 7 x 10-4 

o Minnows Hanford Jan. 3-4 8 4 10-3 5 IO-? -3 
entire Rich1 ana Dec. 14 5 5 10-3 5 10-3 -2 

Steelhead Trout Hanford Jan. 4 1 
Muscle 

Muscle 

* Converted to shiner activity. 

Waterfowl 

Concentrations of total beta emitters in flesh of game species of waterfowl 
collected from the Columbia River decreased slightly from last month. 
values are comparable to or slightly greater than those in waterfowl obtained 
in late January last year. 
f ollm : 

Present 

Average concentrations in flesh of various species 

Sample Type 
Collection pc/g Wet t?ei& t =end 

MaXirmun Factor No. Average - Date 

-- Diving Ducks Jan. 6 6 2 10-3 6 x 

River Ducks Jan. 5-6 9 L 10-4 2 10-3 -2 

Merganser Jan. 6 4 1 10-3 2 10-3 +4 

coot Jan. 5 1 4 x 10-5 4 x 10- 5 -- 
-_ Goose Dec, 15 1 1 x 10-5 1 x 

3eads of 78 waterfowl were obtained from local sportsmen and scanned for 
gama emitters. Fifty per cent were above the established background of 
25 total gamma counts per minute. 
contributor of 90 per cent of the total beta radioactivity. 

Further analysis identified P3* as the 

Swamp Contamination 

Average concentrations of fission products measured as total beta emitters in 
flesh of game species of waterfowl collected at the 200 2iest swamps in mid- 
December were twice thse abed during October and approximately one-fifth 
those of one year ago. Csf3? has previously been identified as the major 
contributor of radioactivity in waterfowl at this location. 
concentrations in flesh of various species follow: 

Average 

Collection pc/g Wet Material 
Sample Type Date No, Average MaXiIllUITl 

Diving JJucks Dec. 15 3 4 x 10-5 6 x 10-5 

- 
River Ducks Dec. 12-15 4 2 10-4 3 10-4 

UNCLASSIFIED 
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Waterfowl Populations 

Aerial census along the Columbia River from ~e mouth of the Yakima River to 
Triest Rapids ham revealed a total of 147,000 ducks and lh,OOO geese utilizing 
that area. 
geese as observed last year, 
Canada geese, 

This is about the same number of ducks ana ten times as many 
Eighty per cent of the geese were xigrating lesser 

Effect of Reactor Effluent on Acuatic Organisms 

Ef Ifluen t 
of young 
effluent 

monitoring was continued at the 1706-KE laborztory with tle exposure 
salmon to dilute untreated effluent and to like concentrztions of 
passed tinrough a bed of aluminurn turnings. 

above that of the control lots has occurred, as anticipated, in the highest 
(8 per cent strength) effluent concentrations, but there is no indication 
that the aluminum turnings have affected the toxicity. 

Mortality substantially 

C. cciumnaris 

Stuiies with columnaris organisms isolated during tne past summer showed virulence 
differences. A strain isolated when river ternperzture was 68 F was most virulent, 
a strain isolated from 61 F water was next, and a strain isolated from 66 F water 
was least virulent. 'dhile these data are preliminary, at this the, there does 
not appear to be a direct relationship between water temperature and virulence, 
None of these cultures were as virulent as the strain originally obtained from 
Dr. Grdal. 

3IOLOGY AND MEDICINE - 6000 PIIOGRAPI 

MXTABOLISM mXIa m, 

Strontium and Calcillm 

FL4EIOXTIVE MATiiRIALS 

lhoie-body monitoring continued on representative swine fed 1 and 25 pc/day of 
SrY0 for prolonged periods of time. 
carcasses bearing known amounts of Sr90, the animals fed 1 ,uc/day for 9 to 27 
rnont), fmm the age of 9 months had body burdens estimated to be 10 to 15 pc. 
A Sr body burden of 300 pc was detected in a few animals 15 months old that 
were farrowed ana suckled by sows fed 25 pc/day and then placed on the 25 pc/day 
feeding level. 
animals are sacrificed and analyzed. 

On the basis of counts made on stardard 

7erification of these counts will be obtained when representative 

It was observed that reasonable counting values are obtained in the whole-body 
monitor from the K40 in the cmtrol swine, 
for future metabolic studies as a reference value for effective cell or muscle 
mass 

This finding may prove valuable 

It wa3 observed that additions of calcium gluconate up to 220 grams twice 
uaily (6-9 x normal calcium) in the diets of ewes had no aFpreciable effect 
on the relative binding of SrYG and Ca45 added in vitro to serum from the ewes. 
3owever, (mntrary to FT evious expctations) a cifi'erence was observed between 
the bincing of serum calcium anc the Ga45 that was added in vitro. detueen 30 

-- 

-- 

1234 131 
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and 50 per cent of the serum calcium did not appear to be traced by the Ca45 
added -c- in vitro ard therefore probably irreversibly band to serum proteins or 
molecules greater than 20 angstroms in diameter. Further studies are planned 
to determine the source of the bound calcium. 

The excretion of Sr9O and Cab5 intravenously injected into the intestine of rats 
has been studied using the technique of -- in situ perfusion of the intestine. 
thus far obtained indicate quite clearly that there is no discrimination between 
strontium and calcium in this process. 
by the calcium concentration of the perfusing solution has not yet been clearly 
demonstrated. The effect, if any, is small. 

Data 

Whether the rate of excretion is influenced 

Leukopenia has developed in 

The white blood cell count in the affected fish is about bo00 
No leukopenia was evident 

end of 21 weeks of isotope adninistration. 
test ha7e spawned and &t is hoped that egg survival ck be used as an additional 
parameter of damage. 

t least some rainbow trout five months after the 
termination of feeding of Sr%O-YFO at a rate of 0.05 pc/g of weight per day. 

compared with 
about 4O,OOO/m3 in control fish. 

A few of the surviving fish in this 

Tests with Evans Blue dye in gelatin capsules (like those used in force feeding 
of S3O) shoued that a food bolus passes through the g.i. tract of trout in 
about 2b hours . 
Results from three tests with Cab5 in the trout gill perfusion technique indicate 
that calcium moves from the envFronmental water across the gill membrane about 
four times faster than strontium. 

The effect of 2,4 dinitrophenol (DNP) on water an calcium uptake by barley is pH 

same effect as caused by 7.5 x 
is not as readily taken up by plants at higher pH. 
results with those obtained by other workers. 

dependent. At pH 6.0,- a concentra ion of 2 x 1Q- c! M was required to cause the 

M at pH 4.0. These data indicate that DNP 
This, 'in part, reconciles our 

Cesium and Potassium 

In the sheep gonad dose study employing Cs 137, it was no'ted that the soft tissues 
of the rams had radiocesium concentrations 10 to 30 times the plasma concentrations. 
Voluntary muscle concentration was 25 to 30 tirnes the plasma level. 
for voluntary muscle and blood cells were about 10 per cent per day, whereas heart 
muscle and the majority of other soft tissues had turnover rates exceeding 200 per 
cent per day. 

Turnover rates 

' 

On the basis of .radiation dose measurements, gonads and whole body were equally 
important as the "critical organ" in sheep receiving Cd37 daily. 
20 to 25 per cent of the gonad dose originated in contiguous structures. 

Approximately 
The 

highest 
body or 

Further 
in bean 

dose rate was obtained in kidneys and was approximately twice the total 
gonad dose rate. 

studies on the effect of moisture stress on Cs137 and potassium u take 
plants showed that increasing soil moisture tension increased Cs157 uptake 

UNCLASSIFIED 
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ir, plants grown in soii without these treatments. 
affzctea by soil moisture when carrier cesium and fertilizer were adciec. 

plants growing in soil fertilized with ccarrier cesium to t!ie s’me exLent .s 
Potassium dptake VP.S ,at 

Plutonium 

In the skuy involving plutonium injected inbradernally lbto swine, it was 
f~unu th;t scabs wiich formed at tie higher- level sites contained over 
3C per cent of the retained dose two to three nonths post injection. In 
one niniature swine seven nonths after injection, the 1 ad s+c sites from 
which scabs were removed contained less than 5; per cent of the injected 
c.ose. In anather animal five months after injection, 1 and 5-pc sites from 
mich the scabs were not removed (anu appear to be still intact) contab. 
?O to :‘C per cent of tx injected dose ard the 0.2 ana 0.4 sites (scabs 
intact) contain only slightly less than the higher level sites. 
su~ ests either that t;?e scabs may have been partially lost me to flaking, 
or that translocation has taken place. 

Tie injection of plutonium citrate (approximately 30 pc/kg) either 30 minutes 
prior to or 30 minutes following 500 r whole-body X-irradiation resulted in 
the death within 30 c-ays of 23 out of 24 rats. A similar eqeriment in which 
the plutonium was injected as the dTPA chelate resulted in no ueaths. 
situation is not quite so clear cut when the plutonium is aaministered as 
the citrate followed after various intervals by the amixistration of ZTPA, 
Early treatment with DTFA appeared to decrease mortality but the data are 
as yet too limited for statistical significance. 

-- 

Tnis 

?“ne 

Radioactive Particles 

Tr rats exposed to ~e’4402 aerosols with a mean particle diameter of about 
C,2 micron, lun clearance was very rapia. Other experiments are in progress 
with larger c~I-~Lo 2 particles to determine the relationship between particle 
size and lung clearance. In stuciies with PU2?9O 
size on lung retention ana urinary excretion was indacated. 
are considered important to inhalation hazard evaluation and to bioassay 
interpretations, they are being examined further. 

Ninety rats were exposed to Paducah dust for determination of the acute toxic 
dose, Only thee rats are dead three weeks post-exposure. 

particles an effect of particle 
Since these findings 

2 

Of 2& Ciogs exposed to plutonium dioxide aerosols one year ago to determine 
the relationship between uose and early toxicity only two survive. 
experiment is providing a good basis for planning exposure levels for long-term, 
multiple-exposure experiments and has given much information on the toxic 
syndrome of inhaled plutonium. 

This 

Evidence has been obtained for the entry of insoluble cerium oxide particles 
(0.1 to 0.2 p aiameter) into bean leaves. A small fraction of the deposited 
material was subsequently translocated to young growing tissues over a 48-hour 
period. me degrae of insolubility of cerium oxide particles is currently 

being studied. .- .. - 
UNCLASSIFIED 
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Effects of Irradia ti0 n 

No delav in the onset of growth was observed in contini 01 sly irradiated (125'0 radyhour ) 
haploid ad diploid yeast-cultures. 
were less than controls. 
than diploid cultures. 
intervals &ring the experiment irdicate that depressed growth rates in the 
irradiated cultures Were primarily de to radiation inactivation of cells rather 
than delayed division. 

However, growth rates of irraaiated cultures 
Growth Tates of haploid cultures were more depressed 

Comparisons of total number of cells to viable cells at 

Soil algae (Microcoleus vaginatus) were exposed to different dosages of 
X-radiation. . Dosages to 100,000 r did not decrease chlorophyll production. 

S-tudies were initiated to determine the distribution of sodium and potassium 
in sub-cellular fractions of -the regenerating liver. 
indicate that the "supernatant fraction" contains the highest concentration of 
sodium and potassium; that t'ne regenerating liver contains higher sodium and 
potassium levels than the normal liver and that the results obtained are quite 
sensitive to the procedures employed for freeing the tissues of blood. 

Limited data thus far available 

Acting Manager 
BIOLOGY LABORATORY 

F3' Fosterzes 

UNCLESIFED 
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C. Lectures 

a. Papers Presented at Meetings 

iz. None 

b. Off-Site Seminars 

L. K. 3ustad, January 13, 1961, Graclate lecture to staff and student body, 
Texas A & Pi College, College Station, Texas. 

R. T. OfBrien, January 19, 1961, Wytologic Effects of Radiation," Radiation 
Biology Seminar, University of Washington School of Medic be, Seattle, Wash. 

J. J. Davis, Januzry 20, 1961, IIProject Chariot Environmental 3tudiesjt1 
Yakima Junior College, Yakima, Wash. 

-% We C. Hanson, Januzry a, 1961, flProject Chariot dnvironmental Stucies," 
American Society of Professional Engineers, rrlalla Walla, Wasnington. 

B. 3'. Palmer, January 19, 1961, %adiation 3iOlogy at Hanford," 
Rotary Club, Prosser, Washington. 

1.1. F. Sullivan, January 25, ~61, "Effects of Radiat'ion on the Gastrointestinal 
Tract , Exchange Seminar Program, Washington State University, Pullman , hash. 

S. Mds, January 26, 1961, 9Iistopathology of Radiation CamageYfl Raciation 
Biology Seminar,' University of Washington School of Medicine, Seattle, k!ash. 

Le Le Bustad, Januery 31, 1961, ttInfluence of i.tomic Xnergy on Agriculture," _- 

Annual Farmers! Day luncheon of Moses Lake Chamber of Commerce, Idash. 

c Seminars (Biology) 

3. A. Barber, !'The rnovemnt of oxygen through plants,fr January 25, 1961. 

J. E. Stewart, The influence af soil moisture stress on the uptake ana trans- 
location of cesium-137 ad potassium in plants,lt January 25, 1961 

3 e Public ations 

a, Dl Publications 

Kone 

b. Open Literahme 

Thompson, Re C ., , Vertebrate Raaiobiolo&: Xetabolisrn of Internal hitters, 'I 

Annual Review of Nuclear Science 10 -9 531-560 (1960). 

I234135 
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ORGANIZATIOIJ ANT PE2SOYlEL 

There was no change in organization or personnel- during the month of Febmary. 

OPERATIONS RESWCI! PEX-W? 

Inventory of Nodels 

An invenzory of different business models at HAP0 has been started in an effort 
to better maerstand the data available. Models concerning unit cost, profita- 
bility, and productivity originating in the Financial components at ZA?G and 
the net return model originating in Irradiation Processing Cepartment have been 
studied and the differences fram other models noted. 

OPERATIONS ANALYSIS STJDIES 

Fuel Elezent Performnce 

The two programs previously referred to as the "Quality Certification Program" 
and the "Fuel Element Failure Program" have been combined, together with pro- 
duction test and fuel element corrosion analyses previously reported under 
services to IPD. The activities being carried on in these areas are all close- 
ly related. The combined program will be called the "Fuel Element Performance" 
program. 

A thorough analysis was made of post irradiation data from production test 
1~262 A, relating to an evaluation of the bumper fuel element. 
that the fuel element distortion that occurred was the same for the bumpers 
and control nonbumpers; that the amount of warp observed was about as expected 
based on the mathematical model previously developed from Quality Certification 
data; and that the frequency of hot spots observed on the nonbumpers agreed 
very well with that predicted. The bumpers appearea tc be effective in drasti- 
cally reducing hot spot formation in some tubes, but almost totally ineffective 
in others. 
of C,hese results to management and technical personnel from F'PD, LPD, and H73, 
and specific recommendations were made for further action. A document will be 
issued summarizing results from this test. 

It was found 

Assistance was given personnel frcm IPD in making a presentation 

Data frm this test were also used to gain more infomation on the uniform 
corrosion mechanism. Since long residence times were involved, the weight 
losses were substan+,ial. Strong evidence was found of preferential corrosion 
attack on part of the fuel element, which indicates that corrosion is not truly 
uniform and, consequently, that the corrosion limit may be considerably closer 
than formerly expected. 

Additional work is being done to develop models relating fuel element dis- 
tortion to reactor variables. In particular, diameter growth at the ends of 
the me1 elements has been investigated. However, core temperature was used 
as opposed to surface temperature, and it is felt that improved results can 

123U3b am 
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be found using surface temperature. 
rosion, which is strongly temperature dependent, on the measured fuel 
eiement. 
ature was found for the other measures of fuel element distortion. Revised 
models, based on the complete file of Quality Certification data, will be 
developed within the next few weeks. 

This may be due to the effect of cor- 

"he improved fit using surface temperature rather than core temper- 

Revised graphs were prepared exhibiting dimensional distortion, with the 
effects of reactor variables removed, as a function of canning date. Abou% 
135 lots are now included, extending over a period of about 14 months. Rather 
drastic cycles in metal quality,as measured by distortion, continues too exist. 

Process Tube Leak Detection and Replacement 

A rough draft report was issued presenting the results of the study concerned 
with predicting internal corrosion of process tubes.: 
oped some mont-hs ago, and was recently tested on complete tube corrosion data 
from B reactor. 
Similar work will now be done on data from other reactors with the possibility 
of replacing current methods of estimating internal tube corrosion by methods 
based on this model. 

The model used was devel- 

Promising results were achieved an these B reactor data. . 

Z-Plant Information Study .. 
Coding for the ccmrputer is 99$ complete. 
delay in machine debugging is expected because the compiler routine submitted 
de-optimized the coding, making the program overflow the memory available and 
requiring 1500 out of 6000 instructions -7 be changed to a new format. 
addition, the sirmilator program providec lid not function properly. The instal- 
lation and maintenance engineers for the computer arrived late in January and 
have been escorted into the plant area to investigate installation problems. 

Desk debugging is 85$ complete. Some 

In 

Analytical investigation related to defining the last sections of the program 
indicated two difficulties in the RMC production line design and operating 
limits: 
and (2) the fact that the critical mass limits pertaining to the various new 
facilities may affect the increased production efficiencies designed into them. 
These have been brought to the attention of the CPD personnel responsible for 
review and correction. 

(1) "be omission of a breakout facility to serve the recycle furnaces, 

Fadiation Protection Studies 

Standard curves for interpretation of dose from different personnel badge read- 
ings have been submitted to Radiation Protection. 
a curve represented by the equation 

It has been detedned that 

Log (1 - .-) = a + bD 

and 

1 dens i tx 
I K 

D = a' + br log (1 - 
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represents the data as well as the cubic polynomial now in use and, through some 
simplificanion of the three parmeters, is more easily calculated. 

Iieliabili t y Studie s 

A specific problem involving the trip logic of a safety circuit and the resultant 
reactor operating continuity was solved. 

STATISTICAL AN3 i??5ENA.?I,"AL ACTIVITIES FOR OTHER HAP0 COMPONEPFS 

FGels Preparation Department 

Assistance was given in the design of a test involving the irradiation of co- 
extruded f'uel elements in the K reactors to obtain a preliminary evaluation of 
the capabilities of the eo-extrxsion process. 

Data from component wettability t;ests were analyzed to test for differences 
between evaluators and be3ween lots, and also to obtain a better estimate of the 
residual variability. 
tests for aluminum Components based on wettability properties. 

These results will be used in establishing acceptance 

A binomial sequential sampling plan with two-sided alternative was developed 
for use in controlling tester error associated with operation of the total bend 
count t.ester. Formulas for average sample numbers were also found. 

Irradiation Processing Departinent 

A study is being made of safety factor requirements for front header pressure to 
prevent cavitation in the orifices. Submitted data indicated that true dif- 
ferences between orifices were quite large, necessitating fairly substantial 
safety factors. IIowever, it was pointed out that since measurement error was 
evaluated by successively measuring the same orifice, there is a definite possi- 
bility that the measurement error was underestimated, and the variation between 
orifices was consequently overestimated. 
to obtain valid estimates of the various error components. 

An experiment was subsequently designed 

3emical Processing 2epartment 

%e last of the formal pyesentations on experimental design was given to members 
of the 234-5 Development 9peration. It is tentatively planned to continue meet- 
ing periodically with the grmJp in discussing specific problems encountered in 
their experimental work. 

An analysis was made of spectrographic data from buttons 
As a result of this analysis, serious problems concerned 
ing the impurity content of a given button have arisen. 
done in this area in connection with the broader program 
effects of process variables on bdtton purity. 

produced during December. 
Csess- with correctly a, 

Further work will be 
of evaluating the 

Dean represent.ed MA3 at the biannual meeting of the Numerical Control 
Subcommittee of +,he i=ommi+,tee on Super Accuracy h,eld at 3ak Ridge on ~Tanuary 19 .- 
md 20. ,* = / 
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Technical consultation continued on mathematical solutions to a variety of 
neutron diffusion problems arising in the shielding and design studies for a 
proposed shipping container. 

STATISTICAL AND -IC& ACTIVITIES WITBIN HLO 

2000 Program 

Reactor Studies 

A theoretical equation used to calculate buckling values is being reviewed 
for effectiveness by examining the residuals consisting of calculated minus 
experimental values under a variety of enrichment and rod diameter conditions. 

Chemical Development 

Closed form solutions to a simultaneous set of 3 nonlinear partial differential 
equations were obtained. The equations represented a model for the heat trans- 
fer in a long gas-catalytic reactor. 

Materials Development 

Surface oxide buildup data were fitted to a theoretical curve in a static C02 
graphite experiment. 

Fuels Development 

Assistance is being given in the development of a mathematical model to express 
AlSi grain structure as a function of temperature and exposure. 
made of a visual index to characterize this grain structure. 

Use is being 

4000 Program 

Plutonium Recycle Program 

A report was issued concerning econdcal groupings in loo$ inspection schemes. 
lzlis was motivated by leak testing of PRTR fuel elements. 

Nondestructive Tes tinq 

Mlthematical aid continued to Physical Measurements in support of their pro- 
gram of analyzing and interpreting the significance of signals received from 
various nondestructive fuel element testing devices. 

9. 
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Chemical Effluellt Technology 

Mathematical analyses continued for Geophysical and Geochemical Research in 
support of their pogram for determining the diffusional and transport 
characteristics of radioactive materials in soil and ground water. 

6000 program 

Bioloa 

Initial work was completed on the provision of mror estimates of some random 
variables occurring in a multichannel analyzer problem, and the results were 
reported orally to interested personnel of the Biology Operation. 

General 

Instrumentation 

The statistical analysis of RST #4 potentiameter calibration data was completed 
for the Instrument Research and Development Operation. 
their appropriate confidence statements were determined for different operating 
conditions of the potentiometer at room temperature. Also, the analysis 
investigated the precision of the instrument at higher temperatures. 

Calibration curves and 

Work Sampling Study 

!The final observations were made on January 23 for the work sampling study being 
conducted by Analytical Laboratories Operation. 
for a complete statistical analysis. 

The data are being compiled 

Division of Reseuch Programs 

Work was begun cn the application to this program of’techniques developed in 
connection with reliability studies. In particular, the systems reliability 
approach is being exploited and several new techniques have been developed. 

Work on both the time and exposure dependence of plutonium isotopic composi- 
tions is being done using both an analytical and an empirical approach. 

%her 

At the request of a member of HLO, Chemical Research and Development, a mathe- 
matical problem associated with ion exchange phenomena was solved. Current 
efforts are directed toward a two-dimensiondgeneralization of the problem. 

- 

C -rd’ 
Carl A. Bennett, Manager 
Operations Research &-Synthesis 
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as plctonium values and fuel costs are usually lower when evaluated in 
graded rather than batch modes, and the probability of operators convert- 
ing to graded cycles is great. Generally speaking, the higher the initial 
enrichment value of the fuel in a batch cycle, the larger the fuel exposure 
and the iwer the fuei costs. 
batch irradiation must be handled by control rods and/or burnable poisons, 
the cost of which is difficult to determine. 
be included as part of the fuel cost for each value of initial enrichment. 
To avoid this, fuel cost and plutonium value analyses were performed over a 
range of initial enrichment values and it was possible to select one which 
sppeared plausible all things considered. 

It -was fmd by plotting the fuel costs for the uranium base cases that 9 
phtonium minimum cost was determined at initial k, of 1.25. Therefore, 
this recycle series sho;rld probably be used as a standard for the batch 
cycles when examining the effect of the economic parameters on piutonfian 
values in this reactar. 

However, variations in reactivity during a 

Rigorously, these coste should 

Coincidently, the calculated plutonium values in this series are of the 
order of $14/gram, which has been found to be the mean value in a similar 
analysis in a water mderated reactor (m) 

The plutonium value analysis employed w88 made from a fuel cost relation- 
ship developed with HLO fkel burnup code, MEIEAGW, and a fuel cost computa- 
tion. 
equations involving the unknown batch value of the plutonium fueling a 
reactor, the unknown batch value of the plu-conium ashes leavlng the reactor, 
and the fuel cost. 
different. The value of a batch lea- the reactor is conditionally 
determined by using that batch as feed for the next cycle, and so on. 
is repeated until some logical constraint can be applied to the value of 
the iast batch of ashes produced which removes the necessity of further 

The essence of the value analysis is the development of a set of 

The piutonium feed and ash values are generally 

This 

cycles . 
Wile lower initial 
made for an initial 
Russian design. Under therje conditions plutonium can have a higher value 
if one allocates to the productiveness of plutonium the smaller change in 
reactidty from cold to hot moderator associated wlth plutonium as compared 
to uranium-235 enrichment. 
$40 per gram are calcuI.ated. 
to plutonium this value, in view of the fact that the use of burnable 
poisons permits such an effective increase in initial 
the change due to different temperature coefficients is negugible. If 
burnable poisons are not permissible, and the control system limits the 
initial bo to 1.065, then the validity of the temperature coefficient 
argument to the value of plutonium is extremely important. 

gave higher costs, detailed examination was also 
of 1.065, which is representative of the actual 

If one does this, plutonium values of $30 to 
It appears precarious, however, to allocate 

that, in effect 
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Without a tzzgerat;;zre ecefficient bonus at low values of initial k,, 
phtonfim YP‘‘~~ %re r *ative by as much as $l5O/gram. 
5hfs is that -,he fhE .psures are limited to about 2000 MWD/T which 
Frd-dces slutlnim tercy’ nigh in plutonium-239. 
Yhen fnsertca intG the reactor brings the reactivity to the control 
rcd limit, at v~ry Icw fissile densities. 
in-turn, are not aufffeient to support an economic fuel exposure. 

The reason fw 

This plutonium, fr turn, 

These densities of plutonium, 

The computer programs wed for this computation have been arrang4 to 
’pint out a complste report which is reproduced directly from the 
coq?sntfng mckdae. 
of tne many parmeserized variables in a manner such that they can be 
examined by scamfng thz summary sheets. 
ne& to faeilitaT2 the cptimization of the over-all design with regar6 
to tctal paw-er x=%z asla fuel cycles. 
rather than batcn, irradiation of fuels in this Russian machine appears 
to rduce fuel costs by roughly a factcr of twol. 

~ 

The report relates the plutonium value as a funcfAm 

In this form, the data csn be 

Preliminary examination of grades, 

Stainless Steel Psxl Cadding. 
exchange of cladding mterials such as zirconium and stainless steel in 
various reactor and economic climates is nearing completion. 
resume of this study was given in a one-hour talk to 5ford people. 
Fuel develcpment personnel expressed the opinion that they could use 
these results to aid in answering a large number of questions about the 
desirability of various approaches toward an economic fuel element. 
slight expanaicn of the data presentation will facilitate using the 
material for other pqmses. 

The final draft of the study of the 

A brief 

A 

The fuel ecxts genersse.i during the study of alternate cladding matariait 
are proving of vaue in assisting the Reactor Engineering Development 
Operation with the pralfminary portion of a supercritical reacter atua;. 
Specifically, the iata aflmm one to estimate the consequences on mtaL 
fuel ccst,~ ?I? eh:Izsfng varfom fuel element geQmetries and coolants. 

PRTR FLiel *?cmesnen+, ad Scheduling. 
problems r4atfzg *JC t3e timely procurement of about 40 Kg of high- 
exposure plhinium fcr the recycle program continues. 
deciaims were cmpler,zd for the receipt at RLO and processing ts metal 
by May of this year %he cine kilogram of 17s Pu-240 material in an 
accumulstios cS: flushes at ORNL. Additional lots of high-expclszz 
plutonium frcm srvsrvl sources are now scheduled for recmery eitker ai; 
9EWL or SRF’ &m4hg CY-ig61. 
irradiated at W, MTS Fu fuel assemblies fuPthsr irradiated in the ETR, 
ana one lot ijf mtcrfal from AECL. 
receive apFroximtoly 20 Kg of 20 per cent PU-240 material plus 0.9 Kg 
of 40 per cent, materia;, and by the end of the calendar year an d&lti,cai 
17 Kg of 20 -per cect material plus 1 Kg of 40 per cent materfal. 

Satisfactory resolution of the 

In this pericd 

These sources include plutonium being 

By mid-calendar 1961 Hanford sh*Ydi 
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Pianning was accelerazed during the month to develop streamlined 
ahinistrative procedures fsr the conduct of special irradiation. 
experiments in the PRTR. 
to conduct experiments in the PRl3 was prepared by PRTR operating 
personnel, a.rid discussed with prOgr8mming and the primaryR&D 
customerso 
ship of experiments by more than one group to maximize the amount of 
uaef'ul new information obtained from each test, and on minimizing 
adverse interactions of separate experiments in the reactor. 
mminal tw-week ( 12- 3.3 day) operating schedule appears preferable to 
a 33s-week cycle, because the resulting longer shutdawn period between 
cycles permits mre effective scheduling for maintenance and experi- 
mental changes. 

A proposed forma? for obtaining approval 

Special emphasis was placed on facilitating joint sponsor- 

A 

E. WF ACTNITXES 

Th= Word Laboratoyies Plant Improvement Report was completed and issued 
during ~auary, covering the five-year period PY-1962 through FY-1966. 
&though contingent on AEC approval and funding of the individual projects 
a3 facilities additions, the report covers present planning for major 
construction projects, equipment, and equipment proiects during the five- 
year period. 

f;= response to a request from the AEC, a secret docment was prepared 
aswering specific questions relating to temperature and rad.ionuclides 
2n the Columbia River. 
Izliclassified version of this report. The Columbia River situation was 
aho reviewed with personnsl from the Portland Office of the Corps of 
Ehgineers ., 

The AEC has also requested preparation of an 

* 

Thc radiaticn protection problems associated with the use of rarlioactive 
heat so'urces were reviewed with Mr. G. A. Riedesel, Division of Industrial 
Reeaxh, Washington State Vniversity. 

A Uz?+, of 74 names of €€anford Laboratories technical specialists was 
cmpiled and submitt& to the General Electrlc Materials Specialists 
L-mcil for inclusion in the GEMS Directory. 

The Eanford Laboratories irver;tory of standard visual aid charts was 

re~~ievsd and upd.ated, and obsolete charts were destrcyed. 

AEsistance was provia& in arranging for visits and tours by 65 individuals 
for 28 visits. 
Washingtoz-XtD personnel, and a two-day technical informa+,ion exchange 
with Dr. C. G. Sui+,s of GESL, ad five of hi8 Departmest Managers. 

This inchded a DRD Mid-Year Budget Review with fire 

Acting Manager, 

-0gramming 
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RADIATION PROTECTION OPERATION 
REPORT FOR TI33 - IJICINTE: -- OF JANUARY, 1961 

A. ORGANIZATIONAmD PERSONNEL 

Effective January 1, 1961, L. A. Carter was transferred from IPD to the Radiolog- 
ical Evaluation Working Group. 
totals 137. 

' 

The Pcrce cT the RJdintion Frotection Operation 

B. ACTIVITIES 

A review of the internal deposition of radionuclides in Hanford employees for the 
year 1960 indicated there were 28 employees who incurred measurable internal depo- 
sition. Eighteen employees received plutonium deposition, nine employees received 
mixed fission product deposition, and one received a deposition of uranium. 
body burden in all cases was equal to or less than 10% of the msximum permissi3le 
body burden. 
of uranium in the course of their work. Inhalation and,the contaminated minor 
injury remained as the principal modes of exposure for internal deposition of 
radionuclides in HAP0 employees. 
ation required checking in the Whole Body Counter during the year. 
eighteen injuries had imbedded contaminants to a level that required excision of 
tissue. 
employee who had some form of radiation work restriction as a result of internal 
deposition of radioactive materials. 

The 

Additionally, 23 employees received low level and transient deposition 

Eighteen skin injuries involving surface contamin- 
Three of these 

As of the end of 1960 there were six empl8yees and one subcontractor 

One minor case of plutonium deposition was confirmed during the month. 
number of plutonium deposition cases that have occurred at HAW is 264, of i,rhi:h 

193 are currently employed. 

The total 

Four cases of plutonium contaminated minor injuries occurred during January. 
two cases, it was necessary to excise small skin sections to remove plutonim. 
other two cases involved a minor amount of plutonium which did not warrant medical 
action. The maximm amount of material involved before excision was 3.5 pc of 
plutonium; associated with a small metal sliver. After excisions, the maximum 
amount of plu.tonium remaining at the wound site as measured by the 'dhole Body Co7diter 

In 
The 

was 5.4 x 10-4 jlc Pu, 

Two employees received localized skin dose in excess of that planned as a result of 
protective clothing contamination. 
the skin was about 6.4 rads including -035 r. 

The maximum dose involved to a small area of 

Exposures to IPD personnel were well controlled duri'ng operational work involved 
in removing enriched metal which hzd been inadvertently discharged from the reactor 
on top of the rear face elevator. 
at 60 feet. 

Measured dose rates were as high as 250 r/hour 

UNCLASSIFIED 
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Monitoring services were established on a three-shirt basis coincident with ri,z 
startup of the strontium recovery program at 325-A High Level Facility. 
radiations up to 15,000 r/hour were measured. 
dose rates up to 25 rads/hour were removed from the cell and processed in the 
analytical laboratories. Dose rates up to 50 r/hour were measured on the front 
face of the High Level Radiochemistry ficility, after a strontium feed solution 
was inadvertently drawn into a reagent fuel line. Alarming devices and subse- 
quent application of remote valving techniques minimized personnel exposure to 
eight employees in the work area. 
Dose rates as high as 20 r/hour and 8 r/hour were observed during operations at 
the loadout hood and waste transfer ports, respectively. 

In-cell 
Approximately 60 samples with 

Whole body dose rates were limited to 50 m/nour, 

Constant radiation monitoring was required for most construction work at the 34; 
Building Waste-Storage Facility as the result of overflow of tanks causing 
general contamination up to 200 =/hour, and dose rates OY 1.5 r/hour from waste 
trailers parked near this facility. 

Radiation dose rate measurements obtained during the second group of critical 
tests at the PRTR included: 
space at 400 watts power level; 6 mrems/hour of fast neutrons in the upper access 
space at 1000 watts power level with-all water systems filled. 
system dry a dose rate of 33 mrems/hour was measured under the reactor core. 
General dose rate levels throughout the containment vessel were less than 2 m/i:cx- 
No significant increase in dose rates, external to the reactor, were detected 
during circulation of moderator poison. 
during operation without the reflector indicated that high power operation may 
may cause excessive piping activation. 
under study. 

3 mrems/hour of fast neutrons in the lower access 

With the reflector 

Increases in neutron dose rates obsent 

The need for additional shielding is 

A review of the employees assigned to the Plutonium Metallurgy Operation S~OTNF~ a.c: 

increase in radiation dose in 1960 as compared to 1959. 
with a whole body dose of 1 r or greater increased from ten in 1959 to tk-enty-eight 
employees in 1960. 
increased from six in 1959 to thirty in 1960. 

The number of enployees 

The number of. employees showing a hand dose in exzess cf 10 r 

Two private residences were surveyed at the request of Chemical Processing 
Department. 
personal items-was discovered. The items were sent to the area for dispositicn. 

Low level contamination of 3,000 d/m Pu and 1,000 d/m Pu on tvc 

Four exempt employees, as members of the Radiological Assistance Team, resg)B:iClr?c 
to a request from the Idaho Operations-.Office for assistance at the SL-1 Reactor 
Accident site. 

The plutonium wound monitor in the 200-W First Aid Station was tested and apF--s?s?l 
to provide the desired sensitivity. 
deposition in their hands were checked and the results were comparable to those 
obtained using the crystal counter.at the Whole Body Counter facility. 

Two cases with known low level plutonium 

UNCUS S iFIEG 
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The 83 threshold dosimeters distributed throughout HAW processing and laboratory 
areas and used to determine dose and energy distribution in the event of a 
criticality accident were modified in January. Modification involved the sealing 
of the plutonium, neptunium, and uranium foils and the boron ball portion of the 
dosimeter in a 1/4 inch stainless steel jacket for contamination control in the 
event of a fire. The modification was completed in one week and no individual 
dosimeter was out of service more than 48 hours. 
chemical and glass dosimeters in this criticality dosimeter unit was completed, 

- 
' 

The-annual exchange of the 
* 

The bi-weekly film dosimeter exchange frequency which has been employed in the 
plutonium pmcessing areas was discontinued after a thorough review. 
dosimeter exchange frequencies have also been on a bi-weekly basis, 
types of dosimeter coverage are now placed on the standard four-weekcycle in 
use throughout the balance of the plant. 

Finger 
Both of these 

The 1958 and 1959 bioassay analytical results for plutonium were microfilmed and the 
cards were stored in the 3705 retention vaults. Ten exposure summaries were 
prepared for pevious HAP0 employees as a result of requests from current employers, 

Analysis of the data on the aerial survey measurements which were obtained at the 
Nevada Test Site in November were completed. 
for submission to the Director of this project (60.3) at the Oak Ridge National 
iaboratory. 
aerial survey systems needed improvement. Modifications to HARI equipment have 
been started and design criteria for a new aerial survey system was established, 

A report of the findings was prepared 

The principal benefit from the project was the knowledge of where 

The automtic Columbia River monitoring station was inoperable for the majority of 
the month due to instability of the amplifiers and failure of the water pump, 
Modifications of the hydraulic part of the system were made to permit complete 
backflushing of the intake lines periodically to minimize sand buildup. Special 
Colmbia River water samples taken following a purge at the 105-B Reactor indicated 
no significant increase in the concentrations of radionuclides in the river, 

The evaluation of the radiological consequences in the environs from a maximum 
credible accident at the PRP critical facility was completed. As a result of this 
analysis, it was recommended high efficiency iodine removal equipment be installed 
in the cell vent system. In the event of an accident, process cell air would be 
vented to the stack through particulate filters and iodine removal equipment. 

. A review of all the control limits in use at the PRTR for both gaseous and aqueous 
radioeffluents was completed. The previously established control limits were 
revised slightly to promote consistency. A more important change in the contain- 
ment limits was made to provide more realistic levels at which the drastic action 
of fa containment would be executed automatically. 

. 

, 

I 

Work continued on the preparation of a complete set of uniform size drawings 
showing the location of criticality threshold dosimeters, criticality film kits, 

criticality alarms, air samplicg locations, and remote radiation detection 
instrument recorders for the erltire plant. 

UNCLASSIFIED 
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Expected doses from prompt gamtua and neutrons from a criticality burst were calcu- 
lated and plotted for various thicknesses of cell walls and distances from the 
cell wall. 
should be correct within a factor of four. 
to determine the dose rate from the delayed gamm for a time period from 10 
seconds to seven days after the excursion. 

4pproximations were based on the best available data and the answers 
These calculations were then repeated 

Five prototype personnel dosimeters were fabricated by Technical Shops. 
group of prototypes was designed to accommodate metal foils and sulphur for 
Zriticality dosimetry; fluorods for high gamma doses; personnel dosimetry film 
for chronic dose interpretations; and accommodations for a security photo. 
The design incorporates fully automating the unloading and loading of the dosi- 
meter film. Evaluation of the filter system using open window, iron, plastic, 
and tantalum filters indicated that an evaluation of uranium beta dose of 
100 - 400 mads could be estimated within 10 percent in the presence of low 
energy X-rays and more penetrating gamma radiations. 

A vibrating reed electrometer in a 40-liter ion chamber was used to measure 
the dose rates in the 3746 Building from extended Calibrations Operation pro- 
cedures. 
the Van de Graaf accelerator in the 3745-A Building. These tests were made 
in anticipation of long-term exposures for studyix graphite damage effects 
currently planned for the Van de Graaf accelerator program. 

This 

Dose rates of 2 =/hour were measured during full power operation of 

C. EMPLOYEE: rnLA!rIONS 

Four suggestions were submitted by personnel of the Radiation Frotection.0peration. 
There was one suggestion evaluated and rejected. 
Radiation Protection Operation personnel are pending evaluation. 

Three suggestions submitted by 

There were four medical treatment injuries during the month for a frequency of 

1.73. No security violations occurred during January. 

Radiation Protection training included: Two orientation talks to new employees 
and Minor Construction personnel; a refresher meeting with 300 Area Fire Department 
personnel covering emergency procedures and instrument training; the Monitoring 
staff was instructed in the operation of pulse readers and on tritium bioassay 
dose calculation; a series of radiation orientation and training sessions with 
the Critical Mass Bcility personnel; and three two-hour orientation taUrs 
presented to Biology Research & Nuclear Physics Research personnel. 

D. SIGNIFICANT REPORTS 

Hw-68127 "Analysis of Fladiological Data for the Month of December, 1960" by 
E. C. Watson. 

"Monthly Report - January, 1961, 
A. J. Stevens. 

"A Portable Dose Rate Instrument 
Levels" by F. L. Rising. 

Rw-68352 
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Radiation Monitoring Operation" by 

for Measurement of Natural Background 
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-December 1960 - Mid-January 1961) 

Activity Monthly 
Sample Type and Location Type Average 

Drinkina Water 

100-F Area 
Separations Areas 
Pasco 
Kennewi ck 
Richland 

Columbia River Water 

Above 100-B Area 
100-F Area 
Hanf ord 
Pasco 
McNary Dam 
Vancouver, Washington 

Atmo s~ her e 

Isotopic 1.2 
Gross Beta 1.6 10-7 
Isotopic c 7.9 
Is 0 topi c 
Gross Beta c 3,o x 10-8 

< 1.2 

Gross Beta 3.0 x 10-9- 
Isotopic 4.6 
Isotopic 3 80 
Isotopic 36 
Gross Be- 1.8 x loe6 
Isotopic 0.4 

1~3~ Separations Areas 1131 2.0 x 10-13 
1131 Separations Stacks 1131 0,8 
Active Particles - Project -- 2.5 
Active Particles - Environs -- 0.2 

Vegetation (Control limit for vegetation is 10-5 pc I l3l/g) 

Separations Areas 1131 4.1 x 

Residential 1131 < 1.5 x loa6 
Ea stern Wa s hi ngt on a nd 

Oregon 1131 No Samples 
Fission Products less Gamma 

-r131 - Wash. and Ore. Emitters No Samples I 

* 

Units 

The $ Mpc, is the percent of the maximum permisb..~le limit for occupational 
exposure to the gastrointestinal tract calculated from drinking water limits 
contained in NBS Handbook 69. 

The $ Mpcw-GI is the percent of the maximum permissible concentrations for 
persons in the neighborhood of controlled areas for continuous exposure to 
the gastrointestinal tract calculated from drinking water limits contained 
in NBS Handbook 69. 

This location is now sampled quarterly. The most recent result is tabled. 

1234149 
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EXPOSURE W&UATION AND RECORDS 

Exposure Incidents above Permissible Limits 

Whole Body Localized 
JaIlUary 0 2 
1961 to hte 0 2 

Gamma. Pencils 
Pencils Paired Readings Paired Readings Lost 
Processed 100-280 mer 280 mr Readinp- 

Jan- T 75 3 0 
1961 to Date 4,978 75 3 0 

Beta-Gamma Film Badg es 
13adges Readings Readings Readings Lost Average Eosi 
Processed 100-300 mads 300-500 mads Over 500 mads Readings Per Film Packer 

madow mrs 
January 10,630 712 65 4 16 ZQF 
1961 to 
Date io, 630 712 65 4 16 6.45 14.82 

Readings 
Neutron Film Badg es 

' Film Readings Readings 
Processed 50-100 mrem 100-300 mrem Over 3OO-mrem Readings 

Slow Neutron 
January 2,080 0 0 0 9 
1961 to Date 2,080 0 0 0 9 

Fast Neutron 

1961 to Date' 
January 

Whole Body Counter 

GE Rnployees 
Routine 
Special 
Terminal 

556 108 43 
556 108 43 

0 3 
0 9 

Male Female January 1961 to D.2:- - 
42 4 46 45 
8 0 8 a 
0 0 0 0 

Nonemployees 4 0 4 4 

Pre -employment 

Totd 54 4 

Bioassay 

Confirmed Plutonium Deposition Cases 

Plutonium: Samples Assayed 
Results above 2.2 x pc/sample 

January 1961 tc Cate 

1 1" 

Fission Products: Samples Assayed 594 594 
Results above 3.1 x 10-5 )IC FP/sample 1 1 

Uranium: Samples Assayed 2 63 263 

Harnford to 264. 
"Bringing the total number of plutonium deposition cases which have occurred at 
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Uranium Analyses 

Sample Description 

Fuels Preparation 
Fuels Preparation* 
Hanford Laboratories 
Hanford Laboratories* 
Chemical Processing 
Chemical ProcessiqP 
Special Incidents 
Random 

Following E posure 
Units of 10-3 pc u/cc 

Following Period of No Exposaxe 
Units of 10-9 pc u/cc 

Number Numbe r 

Maximum Average Samples 

23.8 4.1 57 
0 0 0 

224.2 11.1 33 
0 0 0 

21.3 7.8 11 
24.7 4.5 38 

700.0 204.4 4 
1.3 0.8 2 

Maximum Average Samples 

23.5 2.6 48 
0 0 0 

8.7 2.6 27 
0 0 0 

12.8 3.3 38 

0 0 0 

0 0 0 

15.6 6"6 5 

*Samples taken 

Thyroid Checks 
Checks Taken 

prior to and after a specific job during work week. 

Januaq 1961 to Date 
0 0 
0 0 Checks above Detec-ion Limit 

Hand Checks 
Checks Taken - Alpha 

- Beta-gamma 
Skin Contamination 
Plutonium 
Fission Products 
Uranium 

CALIBRATIONS 

Portable Instruments 
CP Meter 
Jmo 
GM 
Other 
Audits 

Total 

Personnel Meters 
Bdge Film 
Pencils 
Other 

Total 

6 6 
43 
22 

43 
22 

Number of Units Calibrated 
January 1961 to Date 

860 
223 
75 5 
156 
103 

2,097 

1,020 - 
286 
m 

860 
22 3 
755 
156 
103 

2,og7 

1,020 
- 
286 

1,306 

656 656 

Total Number of Calibrations 4,059 4,059 

Miscellaneous Special Services 

AR Keene:jmb I 2 3 4 1 5 I 
Radiation Protection 
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LABORATORY AUXILIARIES OPERATION 
MONTHLY REPOEIT - JANUARY, 1961 

There was one security violation charged to the Operation. 

There were no major buries; the minor injury frequency rate was 1.86, 
which is considerably below average experience. 

ZCHNICAL SHOPS OPERClTION 

Zotal productive time for the period was 17,253 hours. 
hours performed in the Technical Shops, 3,113 hours assigned to Minor Con- 
struction, 40 hours assigned to other project shops and 426 hours assimed 
%o off-site vendors. 
rewired in the arrent mnth with the remainder distributed over 3 three- 
month period. Overkine hours worked during the month was 4.5% (837 hours) 
of the total available hours. 

This includes 13,674 

Total shop backlog is 21,100 hours, of which 60$ is 

Distribution of time was as follows: 
Man-Hours j$ of Total 

Fuels Preparation Department 
Irradiation Processing Department 
Chemical P m ce 8s ing Department 
Hanford Laboratories Operation 
Miscellaneous 

4,006 
867 
586 

ll, 438 
3 56 

23.2 
5.0 

3.4 
66.3 

2.1 

Requests for emergency service decreased, penaitting an overtime rate of 
4.7$, compared to 5.l$ the previous period. 

At the close of the reporting period, there were three open requisitions for 
Journeyman Machinists and one for a qualified Instrument Technician. 
candidates are in process and others are being considered. 

Two 

Security performance was considered satisfactory, with no violations. 
were seven medical treatnent injuries, which is considered the normal level 
expected in an operation of this type. 

There 

RADIOGRAPHIC TESTING OPERATION 

A total of 7,156 tests were made, of which 1,419 were radiographic (including 
x-ray, gamma-ray, and auto-radiographs) and 5,737 were supplementary tests. 
OE% of a tatal. of 3>757 man-hours, 1,064 (28.4%) were used in connection 
with radiosaphi:: fests, and 2,693 (71.6q6) were Used on supplementary tests. 

1234152 
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The supplementary test work included: borescoping; dimensional measure- 
rcents (air gage) ; eddy current; magnetic particle; penetrant (fluorescent 
O.D. and I.D.); surface treatment (pickling, steam detergent cleaning, 
and vapor degreasing); and ultrasonic (core integrity, bond tests, flaw 
de+,ection, and thickness measurements). 

The number of pieces handled this month totaled 6,139 items. 
of material represented by these items muted to 56,751 feet. 
tubular components cantiaued to account for a large percentage of the 
foofage of material tested; the tubular component work includes both fuel 
element sheath tubes and reactor process tubes. 

The feet 
Work on 

Work was done for 20 organizational components representing mst of the 
operating departments and service organizations. 
issued detailing test findings with conclusions and recommended action. 
Radiographic Testing Operation was consulted on 67 different occasions for 
advice and information on general testing and applications for other than 
the jobs tabulated in Part I1 Testing Statistics. 

A total of 42 reports were 

NPR process tubes are being received on a regular basis. 
ceeding routinely except for a problem of reproducibility of fluorescent 
penetrant test indications. In checking out the differences in processing 
and examination by the tube venbr and HAP0 it has been found that the light 
source used by the vendor was inadequate for 3 thorough examination. With 
this conation corrected attention can now be directed to the cross-contamhatip- 
thst exists in the process at both sites. 

Testing is pro- 

A rather extensive fluorescent penetrant testing program of reactor nozzles 
has been started in connection with a burger fuel element test for the B, 
D, DR, F and H reactors. 
for suitability for reinstallation. 
fion is still high as a result of thefinal phases of reactor construction 
and test operation. 

' 

The nozzles are being overbored, and then tested 
Testing effort on PEU'R reactor installa- 

The 300 Laboratory work continues at a high level with main emphasis on 
ZLrcaloy fuel element sheath tubes. 
are gradually being completed md should prove very helpful in expediting 
txbe work. Included in the 314 Building work is an improved dark mom 
facility for white and ultra-violet light borescope examination of the 
sheath tubes. 

Test facilities in the 314 Building 
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Tes-cing Statist.lcs 

No. of 
Component Tests 

CPD 176 

FPD 54 

HLO 6 076 

IPD 6 56 

JA Jones i61 

Kaiser Engrs 33 

Ft. of Weld 
or Material 

137 

42 

55,471 

918 

161 

22 

No. of 
Pieces 

13 

1 

6,079 

33 

11 

2 

Totals 7,156 56,751 6,139 

CONSTRUCTION OPERATION 

There were 79 existdng J. A. Jones Company orders at the beginning of the 
month with a total unexpended balance of $130,871. 
4 supplements and adjustments for underruns amunted to $169,151. Expendi- 
Sures during the month on RLO work were $155,736. 
at mnth's end was $141,998. 

Ninety new orders, 

Total J. A. Jones backlog 

Summary 

HL CE&U 
Unexpended Unexpended 

- No. Balance No. Balance 

Q&m outstanding beginning of Moo 79 $ 130,871 1 $ 4,798 0 

Issued during the Moo (Inc.Strp.&Adj.) 9 $ 169,151 
2.A. Jcnes EGenditUres during Mo. 

Orders closed during mnth 106 $ 209,391* 

(Inc.C.0. Costs) $ 155,736 
Balance a% mnth's end 63 $ 137,200 1 $ 4;798 0 

*Face Value of Orders Closed 

I234 I54 



UNCLASSIFIED H-4 HW-68350 

FACILITIES ENGINEERING OPERATION 

The waste disposal and decontamination service for €EO became the responsi- 
bility of FEO this mnth. 
dry wastes and involves the operation of the 340 Building, the 300 North 
burial grounds and the concreting facility in 325 Building. 
employees are used in this Operation. 

This work includes the disposal of hot liquid and 

Four non-exempt 

Projects 

There were 14 authorized projects at mnth's end with total authorized funds 

of $2,692,000. The total estimated cost of these projects is $4,557,000. 
The balance between expenditures to 12-31-60, and total estimzted cost is 
$2,006,000. 

The following summarizes the status of project activity: 

Number of authorized projects at mnth's end 14 

Number of new projects authorized during the mnth 0 

Projects comple-bed during the mnth 
CGH-819 - Increased Laboratory Waste Facilities 

1 

New project proposals submitted to AEC during month 1 

New projects awaiting AEC approval: 
CGH-832 F'ull Scale Physics1 Constants Test Rezctor 
CGH-874 Consolidation of Plutonium Metallurgy Facilities 231-2 
CGH-902 Uranium Scrap Burning Facility 
CGH-916 Fuels Recycle Pilot Plant 
CAH-917 Field Service Center 
CGH-918 Second Whole Body Counter Cell Addition - 747 Building 
CGH-919 314 Building Ventilation System 
CAB-921 Geological & Hydrological Wells - FY-1961 

Note - Proposals complete or nearing completion are as follows: 
Spectroscopy Laboratory - 325 Building 
Irradiated Burst Test Facility 
27147 Waste Treatment Facility 

The attached project ,report contains details of individual project work. 

UNCLASSIFlED 
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Engineering Services 

Engineering work performed during the month included the following listed 
major items as well as scope engineering for project proposals. 
ability of capital funds have increased the work load. 

The avail- 

Title 

Pressure Vessel and Piping Systems 
Engineering & Inspection Servlce 

- 

"Split-half'' Machine for Critical Mass 
Studies 

Horizontal Control Rod and Drive for 
Tamper Tank (Critical Mass) 

Basement Access Enclosure - 325 Bldg. 

Beryllium dust filters - 306.Building 

Fuel Element Assembly Room - Basement 
Mezzanine, 325 Bldg. 

Electrical Modifications - 3702 Bldg. 

Filter Changer - CWS 

327 Water Basin - Clean-up System 

Status 

This is a continuing work program on 
HIX) vessels, pressure systems and re- 
lated safety devices. 
cludes periodic inspection and engin- 
eering evaluations of plant pressure 
systems and engineering service to R&D 
components hadng process devices sub- 
jected to high pressures and tempera- 
tures. Code compliance engineering 
work is being performed on - 1) PmR 
Systems; 2) Irradiation Studies LOOP; 
3) Breakaway Corrosion Loop; and, 
4) HILI PAC & Equipment Projects. All 

data has been accumulated for the 
PKEt and has been submitted to the 
Third Party Inspector for review and 
approval. 

The work in- 

DesiCyl of machine and safety rods 
nearing completion. comment drawings 
have been issued. 

Design work is nearing completion. 
Materials are on order. 

Construction work is complete. 

Design complete. Fabrication and 
installation work has started. 

Construction work is essentially 
coqlete . 
Material is on hand and field work is 
in progress. 

A new tecbnique of filter change pro- 
cedure is being developed which my 
reduce hazards. 

A study of a recirculation system for 
removing radioactive contaminates 
fmm storage basin water. 

123415b UNCLASSIFIBD 
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Title Status 

Special Air Conditioning - Materials are on order. Field work 
Laboratory in 2224 Building to start during March. 

Animal pens and facilities Additional animal.pens, pastures, ad 

improvements t0 animal farm - 100-F. 
i)r .fting znd Design Services 

Work load in central drafting mom (3706) is heavy. Branch offices in 306 
and 308 Buildings have steady work loads with heavy backlog in 308 office. 
The equivalent of 250 design drawings were completed this month. 

Major design and drafting work in progress includes the following: 

1. 

2. 

3. 

4. 
5- 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
i3. 
14. 

PRP Critical Facility - Detail in-cell piping, ventilation, instrumenta- 
tion and electrical work (18 dwgs. - essentially complete). 
Physical and Mechanical Properties Test Cell - 327 BuilMng - Special 
equipment design (75$ complete). 
Structural Materials Irradiation Test Facility - design - 30 dwgs. re- 
quired - 75$ complete). 
Strontium Purification PmJect - Work approximately 98s complete. 
Thennal Precipitator - (5 dugs. required, 40s complete). 
Breakaway Corrosion Loop -(Approximately complete). 
Critical Facility - Approximately 20 dwgs. required - estimated 55% complete. 
Fuels Recycle Pilot Plant - conceptual mrk in progress. 
Length Measurement Telescope - Complete. 
Test Loop for 305 Bldg. Reactor - preliminary work started. 
Ultrasonic Transducer - Bridge BS Track - 4 dwgs. - 95$ complete. 
Special Air Operated Chuck for vibratory compactor - work 50s complete. 
Oride Press - Hood Enclosure - 75$ complete. 
Process Calciner - 7 dwgs. required - 20$ complete. 

Plant Maintenance and Operation 

Costs for December were $149,267 which is 96.4$ of forecast. 

Analysis of costs 

Eqenditures are 3,6$ below forecast. 
butable to a short billing of janitor services, $3,000 to mild weather use 
of steam, and $16,000 to less maintenance than expected. This lover main- 
tenance cost is attributable to the highly competitive market for maintenance 
work. The available work exceeded the capacity of the maintenance forces. 

Of this $27,000 - $8,000 is attri- 

1234 I51 
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-3grcTred Maintensee 

:%em De cemb e r - 
ReLo "aLt:',Gn and al5e ration $ 7,939 
PainTErg 3,265 
Re roof fng 8,952 
ELsztrtca1 modif ieations 280 
Piping m &if tcatlons 98 

$ 23,534 

26,000 square fee5 of prints were reproduced during t,he math. 

Tile .i;O",l estimated valce of the 20 requisitions issued duricg the mnfh. was 
$16,1300. 

Painting of 321 Building contlnues 2nd pabting started in 325 Building. 

Plans have Seen made for a new draf3ing mom location in 306 Bullding. 

The rnaJori5y of this procurement activity is for approved HLO projects. 

A new wa+&r still was installed in 325 Building. 

Improvements are being made %o the demineralizers in 308 Building. 

A new pzduct 9ssembly mom is being ins+,ded on the mezamine of 325 
Building basement,. 

The zrme in 314 Building was inspec%ed. 
repairs are made. 

*The Crane is out of service mCil 

Repla:eneri= iaborstory hocds md furniture costing abou3 $12,000 have been 
opdered. 

S%dy of noise st+,enuation for 325 Building Conference Room is being mde. 
~l;ul is being formulated foramicnfilm viewer mom in 3760 Building. 

A 

ECHNICAL INFORMATION OPERATION 

The 1sO annual inventory of Secret Research and Development reports ad of 
Weason Da5a repor% was started January 3 and completed January 24 in record 
breaing +,be. Res*fi%;S of the inventory are a8 follows: 10,196 aCC0Untdbh 
:opfea cf whish 1,049 are Weapon Data reports and 9,147 are &I & D reports; 
29 2opfea unaccounted for from previous years, none unaccounted for this 

ye~r, or 3 +Jotal of 29 copies outstanding. 

UNCLASSIFIED 



New criteria for classifying production reactor piutcnium were distributed 
50 the field via IIW-68114 entitled "Classification: 
~xnary 12, 1%1. In this connection, the Director of the AEC'S Division 
of Clsssfficatim visited Hanford January 31 and February 1 to discuss 
the plutonium classification problem aad its affect on the PRTR and other 
unclassified programs 

Plutonium" dated 

Dezlassification review of the early 3-series of Hanford documents has been 
completed. 
retained. 
fied or, in :he case of those having no f'uture reference value, destroyed. 

During the mnth it became necessary %o take drastic action to reduce a back- 
log of 23 formal reports that had accumulated in 300 Area Duplicating due 
to the breakdown of their stapling machine. 
from Seattle to repair the machine; some backlogged reporbs were sent for 
stapling to the 700 Ares Printing and Duplicating, and some. were sent off- 
proJect to the Tri-City Herald. 
for only $19.72, 3 very low price. 
eliminated 

The classification on approximately 480 of the documents hes been 
The remainder of the nearly 5,000 documents has ei+her been declassi- 

A factory man was brought over 

The latter -- 1,258 copies --- were stapled 
By month's end the backlog had been 

Agreement has been reached with CE&m for the Classified Files messengers to 
tdce over the delivery and pickup of classified engineering drawings being 
routed from the Engineering Files. A simplified procedure with a minimum of 
record keeping is being worked out. Total deliveries invclved 3re sbout 100 

per month. 

The detdled specifications for the Flexowriters to be used in zhe Files nto- 
ma%ion program were worked out znd the machines ordered by the Specialist, 
Office Equipment, cE&U. 
the IBM equipment, representatives of both companies md the Technical Inform?- 
tion Operation met to work out the details. 
used by Technic31 Information for the production of catalog cards, will be 

converted for use elsewhere on the Plant. 
program have been ordered. 

To assure conpatability between the Flexowriters and 

The 6 chmnel Flexowriter presently 

The forms for use in the m+amation 

The periodical automation program is essentidy completed and the system 
"debugged". Sample lists and reports have been printed from the tape md 
subscription renewds are being handled with cards printed from 
taped information. 

Work Volume S5atistics 

Documenf Distribution and Files 

Doanents muted and discharged (copies) 
Documents issued (copies) 
bcuments sen3 off-site (copies) 
Document reserves filled (copies) 
Dxuments picked up and delivered 

December 

18,401 
7,582 

5% 
17,684 

'J 777 

18,701 
18,181 
lo; 489 

640 
21,015 

1234 t 59 
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December 

Holders of :lassifled 3o.mments whose files we re inventoried 426 -- 
Dcmmen~s inventoried in Files (copies) 

10,931 Documents rerked (-2opies) 1,466 

15,013 

Dcocuments destroyed r,r retired (copies) 

Documen+Js pdled and documents filed (copies) 
DC aunent s -re c ~ns s i fie d 
Do :menta nicrcfilmed 
Azsountible copies cf SECRET and DOCUMENTED 

CONFIDEN!I!UL doc'ments on-site 

Referexe and Publication 

Books zataloged {new t.i*les) 
Bocks dded ~ the collection (volumes) 
Ready reference questions answered by 

Literature searches by professional staff 
Reports abstracted (titles) 
Formal reports prepared (titles) 
Off-site requests for HAPO reports (copies) 
Reports released to CPS (3itles) 

professional staff 

Library Acquisiticns and Circulation 

Books ordered (volumes) 
Pe ric dicals ordered 
~coKs cirrfisted (volumes) 
Pericdicals zirculated (issues) 
Inter -Library lo ms 
Films borrowed or rented 
Tlndua%rial film showings 

Bound periodisals idded to the collection 

Library CollecSion 

Main Library W-10 Library 

No. of ?~oolcs 30,760 8,569 

No. of bowid 
periodicals 14,146 10 

44, go6 8,579 
- 

527 
4,856 

209,601 

108-~ Librzry 

1,723 

1,868 

3,591 

44 
135 

202 
84 
230 
7 

270 
28 

36 3 
1,516 
1,663 
3,594 

70 
15 
57 
180 

J3XLl3,I-y 

640 
io, 196 
9,220 
1,300 

16,960 
823 

3,169 

209,751 

12L 

2 36 

210 
88 
288 
21 

279 
31 

645 
124 

1,512 
2,749 

Ind. Med. 

2,029 

1 

2,030 

74 
13 
50 
144 

Total 

43,081 

16,025 - 
59,445 

UNCLASSIFIED 
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Classification md Declassification 

Do mments , including drawings and photo graphs 
reviewed for downgrading or declassification 

Documents and papers (intended for oral pre- 
sentation or publicztion) reviewed for zpprop- 
riate classification 

Documents submitted to Declassification 
Branch, Oalc Ridge 

UT Boyd: jw 

December Jausry 

3 59 4bo 

ll 33 

12341bl 



This project will provide increased capacity for an expandfig reactor f'uels research 
and devel0-t program, and involves an addition to the 36 Building. 

The only exception to completion which has not been zkolved id the correction of 
peheat; coil controls. This all be done in April. 
meaxing completionO 

Startup ftuna of work are 

This reportconcluaes the routine reporting of this project. 

This project ppovideo equipat for perfolmiBg room and high temperature tensile 
tests on highly Irradiated materials and lnvolvee the installation of 3. cebl in 
the 37 l3Uildi.Iq. 

The manfpuLator baa not baan raceived but the maJority of all other equipment 
has been %nstallsdo 
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SEMI -MONTHLY PROJECT STATUS REPORT - HANFORD LABORATORIES OPERATION 
.__ - CUNDINO 

CROJ. NO. TITLP: 

This proQect will fncresse +he contaminated liquid waste handling facilf5j- ITS the 3OC 
Aroa, 8,r-d En-qol-ics greater sforsge capcity and improved 1oads.A sccow.odi%icis 

C3nS3WCtlG?2 is complete with the exceptio3 cf items requiricg mdffication kecmse 
r;f iradequste fscilitdes 

Design cha.. .gea have been made to inclcde a spare trasfer pump m,d ~l~~L>i?~~:~?A. 

los3odt, p1pir-g so that e-rery puny has a spare. 

IIILD PRICE 

COIT CLus F~XLD CIS 

PLANT COllC.8 

AR CHIT E C T -CNOlM(. CR 

OCIION LNOINSCRINO OCSRATION 

ac CicLD ENOINCLR 

. 

I1 

0 

u50 

710 
I I 

I I I I 

SCOCL. PURPOIC. STATU8 PROORCIS 

This pro.ject provides a research .and development facility to parmix 1nssx~tm5c~s 
aeastaement of physical properties of materials under dynamic ir--reaztcr and 
s-ml+,sneous ex- reac5or conditions 

All of the procurement items for the helium conservation mcdifica+,for, have not 
:;:;et ken received; however? t3fs has caused ?c delay in test studies with tkLe 

R8J.I capsuie now in the reactcr. 

IN OIN 1111 

FEO - K. A. Clark 

MANCOWCR 

Cixgo caicu 

C08T PLU8 CIX1D C1C 

PbhNT CORC18 

A11CWlT1CT-CNOIN1111 

DISIQN 1NOIN1111lNO OC111ATION 

01 FIELO ENOIN1ER 

8C0?1. CURCOIC. 8TATU8 0 CROO11188 

"5 
400 
44 

ecmpk?i.cn, 
I231r I b3 

http://ecmpk?i.cn
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SEMI - MONTIiLY F'HOJECT STATUS REPOF?-I' 

tt A N F (7 I: I> I 4 II <i 17 A r o 13 I ! q c) 1- r R A 1 I 1) IJ [(I ri 
__ 

PROJ. NO. TI tLr 

-t141 - Operatin& 
--- 

CAI1 -822 Pressurized Gas Cooled Facility 

CGH-834 

MANPOWER 

CincD Pnlcg Head Mechanical 
COST PLUS CIXEO VLK 

PLhNT CORCLS 

An cwir tc T - CN ~IN IK E R 

DEStON CNOINLERINO OPERA TlON 

OL CIKLD ENOIN(LKR 

SCOCK. PURCOSL. STATUS k PROORKIl 

*Does not include design performed by Stmthers-Wells. 

Work by Head Mechanical 
for installation of the Struthers-Wells packages. 
be complete after installation of the packages. 

(J. A. Jones sub-contract, JAJ-73) stopped temporarily 
The fixed price work will 

Modifications b Additions to High Pressure _I---- Heat Transfer 0290 . - J 
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SEMI - MONTHLY PROJECT STATUS REPORT . .- 

. . 
~ ..- 

F lJN 0 IN a 
PROJ. NO. 

ret?. lLCi3,!200-~ 
OE. s 212,000 

- 
CON5T. LQc-.---.xs 20 * 

---- 

HLO - WS Kelly 
MAN POW E R 

CIXCD PRICK Geo, Cram Company, Ix. 
COST PLUS FIXLO ~mc 

PLANT FORCES 

AICWITlECT-CNOlNE[CR 

DL8ION ENOlNEV.RlN0 OPCRATION 

OR FIELD LNOINCER 

-- 
SCOPK. PURPOSE. STATU. b PROORES8 
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SEMI - MONTHLY PROJECT STATUS REPORT 

CIXCO mice 

COST PLUS CIXSO PCS 

PLANT CORCCS 

AIICHITCCT - SNOINCCR 

OCSION CNOINSLRINO OPCRATlON 

am CICLD CNOINCCR 

SCOP.. WRPOsc, STATU. b Cnooncaa 

This project will provide facilities for determining physical and mechanical 
properties of irradiated materials, and involves the installation of a cell in 
327 Building. The design status is as follows: 

1. 

2, 

30 

HLO Equipment Design. 
The status is the same as the last report as the comments on the detail 
drawings for the HM3 designed equipment are not completed. 

mu0 Equipment Design. ( Other than service or utility) Bovay & Co. 
A. 

Be 

C. 

Annealing Furnace - Engineering work sheet was approved; details are to be 
made 
Electrical Resistivity Furnace - Engineering work sheet was approved; 
details axe to be made. 
Dilatometer Machine - Engineering work sketches were reviewed and new 
engineering sketches will be made. 

CE&UO Cell and Ancillary Design. 
All drawings have been checked and will be reviewed once more after 
equipment design is completed. 

*A revised schedule has been 'submitted to AF,C for approval. 
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*LANT CORCCS 

ARCHITECT - CNOINCIII 

DCIlON CNOINCLRINO 0PCRh TI ON 

OC ClLLD aNOINCLII 

Il’rzis project will provide facilities to prepare specimens from irradiated matzrlals 
tnr ~se in determining their physical and mechanical propefiies and involves the 
:1sr3Uation of a cell in 327 Building. 

The aesign status is as follows: 

HLO Equipment Design 

a. 

1;, 

c. 

Metal SlittlngMachine - Checked and coments being incorporatedo 

Flat Tensile Sampler Former Machine - Ready for approval. 

Round Tensile Sqler Former Machine 
being detailed. 

- Assembly drawings cmnel=red upand 

CE%UO Cell ad Ancillary Equipment Desipp 

Vork on checking is continuing. 

Western Gear Vendor Design 

Metal Decladder Machine - Western Gear reproducible dramngs and specifications 
were received on 1-18-61 and are being reviewed. 
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- SEMI - MONTHLY PROJECT STATUS REPORT 

ClXCD PRICC 

COST PLUS CIXCD CtL 

PLANT Concca 

ARCWITCCT - CNOINCER 

DCSION CNOINCLRINO OPCIIATION 

SCOPE. PURPOSL. ITATUS PROORBSS 

This project will provide a facility for recovery of specific radioisotopes from 
wastes, and involves' an addition to 325 Building. 

Work completed in the last two weeks is as follows: 

1. 

2. 

30 

4. 

5. 

6. 

70 

8. 

90 

Completed grinding, patching and finishing concrete on cover slabs for 
all vaults and trench by contractor (not approved by G.S). 

Completed finishing concrete walls inside Vault "C". 
were set in vault. 

Three (3) tanks 

Working on finishing of concrete walls in Vault "B". 

Part of the cover slabs were set on Vaults 
fit too good. 

Hanford Piping completed remodeling of dip legs for Vault "A". 
working on installation of instnunentation and piping in trench and vaults. 

All the filter boxes and associated duct work have been installed and require 
minor adjustments. 
scheduled for January 28, 1961. 

All protective coatings 
pipe trench. 
roof deck and then painted it one prime and seal coat. 

"A" and "C". Two did not 

They are 

Tie-in of the exhaust duct to plenum chamber is 

have been placed on walls and fixtures of the 
The painters acid-etched the inside siding and bottom of 

The sprinkler system piping has been installed and partially tested. 

Power City Electrical subcontractor is Lrstalling the electrical lines 
in Vault "A". 
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FEO - HE Ralph 
AVCRAOU ACCUM.MANOAVS MANPOWER 

CIXCD PRlCU 

COIT PLUS CIXEO ccc 

PLANT FORCES 

CHIT EC T-CNOINR RR 

DIESION CNOINCCRIN6 OCCRATtON 

ClKLD LNOINKCR 

- A6. 

GR 

------- 
----- 

7 1- $5 
CONST. lgb -- 
PC 1, 133 :3c 

FP *; 5 9r 4'- 
CPFC 

Cmuractcr is ori schedule. 
be coEple-ced ten (10) days alead of schedule. 

Present ixdications are Gnat COnStrtlCTiCr. work will 

t 

___- 
PROJ. NO. I TITLE I CUNDINO 

1 I. I^ 

~- i CAH - sdb Bio loa Laborazo ry Improvements :-c- .- - 
COMMIT'S. TO - s 
ESTIMATED TOTAL conr s A&""Lb: 

AUTWORIZCD CUNOI ACC 

I 
--- 

I 
--- 

OK 5 

PKRCtNT COMPLETE 

I WT.0. I SCHED. ACTUA 

LNQtNLSn 

FEO - JT Lloyd 
MANPOWER 

CIXCO cnicg 

PLANT concm 

COIT PLUI ClXIO CIS 

ARCH@TECT-SNOIW~LR 

DIIIQN LNOINRSRINO OCSIIATION 

0. CIILD INUINSSR 

IIPC I I I 

I 
#COP.. PUII?OSI, STATUI CROORIOS 

Bo D. Bohna have tentatively dtered completion of desi@- 50 March .Lp i961.0 
smary of considerable extra design time has been sitmi-t-ted by Ea Do l3cL;. fo~ 
overhead costs pending notification to yroceed after stoppage rzsnlt.iss fzm ::,ore 
desL.p work than expected for irradiation facility and various Ehwge: :.G les-gn. 
This request is being evaluate4. In addition to ciie Gbove, t'ne A.E. rezxL:ends 
f't;e?,r be assi.ped the task of preparing shop drawi:_,;s ::id qecificz-x ;:is 5cr 

A 

sp3;? f=larfca'.-' u.mn 
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------ 
CROJ. NO. TITLS 

CGB-874 Consolidation of Plutonium Metallurgy Facilities-231-2 

HLO - PC Walkup -- 
A VIR* a& -r- M AMP0 WE R 

PIXED PRICC -- G. A. Grant Co., Inc. 

FUNDIN a 

61- j 

:OIT CLUI ?lXCO ?I. 

’LAnT voncca 

LR CHIT LC T-CN 0115. I R 

JCIION INOINCSRINO OPKRATION 

IC FIELD ENOINC&~ 

OR 

.... .--- 

. 

I 

I I 

ICOPt, PURPOIS. STATUI L PROORLSI 

I 

CONST. 

PC 

CCFC 

* Detail design. Scope design started 11/2/59 and completed 3/15/60. 

** Rupture Facility Schedule received from G. A. Grant Co., Inc., on 1/5/61. 

- 

__ 
__ 

PSRCSNT COMPLETE __ EST‘D* DBSlQN 
COUPL. 

WT’D. ICHED. ALTV mraa. I CONST. I! 
EN OINlaR 

FEO - JT Lloyd 
MAN POW LR 

?lXKD ?RICE 

COIT PLUO CIXCD CSE 

PLANT tORCE8 

ARCHltCCT-CNOINCCR 

OCIl ON ENOIN CCIIINO 0P.R AT ION 

0. CICLD LNQINCCR 

leO?C. PUIICOIC. OTATUI L PR00RClI 

LVURAOL 

DLIlON I 
AE I 

This project provides in one location facilities devoted to plutonium metallurgy 
research and development activities. 
ut.1 lization of space and personnel. 

This will result in more efficient 

The revised project proposal was placed on the AEC agenda for review on 
January 27> 1961. 

* Months after authorization. 



FEO - RK Waldman __________ 
YANPOWE R 

ctxco PaicI 

COIT CLUI CIXLO rar 

PLANT COACII 

ARCHITIC T- IN OINCLR 

DClION INOINESRINO OPIRATIOM 

111 CtCLO IZNOINLLR 

AVh RA 01 

I 
BCOPC. PURPOSE. ¶TATUS L PROORE58 

This project involves a facility for deliberately rqturing ZUbiDg t,c estxiish 
service conditions. 

Bid review is scheduled for February 2, 1961. 

COIT PLUI FIXID ?EC 

PLANT C0RCF.I 

ARCH\TCCT-INOIWEtn 

DLIlON LNOINLLRINO 

01 ClLLO LNQINCLR 

ICOPL. PUI)POSI. ITATUS I CROORBIS 

AVURAOL 

2 

Ic------t-----t--+-- - 

This project provides for the installation of eqdpment at the El3 for whxh chages 
in the physical properties of reactor structural msterisls s1b:ected tc in-reactcr 
conditions can be determined. 

Design completion is being delayed to incorporate cormnents from the Phlllrps 
Petroleum Company which will result in improved maintenmce features ., 

Installation of sub-pile piping is expected to be s-car%ed during the nonth 
of February. 
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FEO - R. K. Waldman _- 
Y ANPQW E R 

CONST. 100 

PP 11 
c PIC 89 

PIRED PRlCU 

COST PLUS CIXCD CUI 

PLANT VORCIl 

A R CHIT UC T- EN OlNE E R 

DLIION CNOlNKenINO OPInATlON 

OC CICLD CNOINCUrl 

t50 80 

80 80 
80 80 

- 

SCOCI, PURPOSE. STATUI b LIIOORLSS 

-_--- 
CONST. 

PC 

CPfC 

FP 

This project provides a means of making uranium scrap material safer for storage 
and off-plant shipment by converting this scrap to a stable uranium oxide. 
facility will be adjacent to the 333 Building. 

The 

Directive and work authority has been received but no work was started until 
review by General Electric Company has been made regarding AEC's proposed 
change of Method of Performing Work. 

* Weeks after authorization. 

F'EO - E. Radon 
- 

YAMPOWLR 

IIXID PRIC. 

COST PLUS ClX.0 ?.E 

PLANT roncsa 

A~CHlTSCT-8NOINS~II 

0.NOC) 8NOINICRlNO OC8RATlOlJ 

OI FIELD SNUINSCR 

acocg, puncome. STATUI e mwoaacas 

33 
2 

2800 
100 

This project will allow the separation of Strontium-90 material from Separations 
Plant waste streams on an interim basis, and involves the conversion of the 
Hot Semi-works Plant for this purpose. 

Punch list items on "A" and "C" cells are nearing completion. 
that "B" cell Will be accepted, with exceptions, by the end of this reporting 
period. Work on the outside lines is progressing favorably and detail design 
of the loadout station is in the final stages. 

It is anticipated 
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FJ30 - HE Ralph 

--~ 
m AU POW€ R 

ClXLD PRICE 

COST PLUS CIXLD CKL 

PLANT CORCLS 

ARC HIT C C T- IN 0 IN R K R 

. - 
AVCRAOE 

OLSION CNOINECRINO OPKRATION 

aa CICLD ENOINCLR 

I 

SCOWL, PURWOIL. STATU4 b PROORCSS 

This project will allow performance of radioecclogxal 5 vAdies mder ior-tli 
environmental conditions ., It consists of constructing fkld _" sc-i 2- -.=L 

for this purpose. 

Project Proposal submitted to BOO-AEC on Sep~emter 19, '_36C. Dz~E.:::~ W, AT: 
185, dated December 22, 1960, has been issGed. The k'cr,L A~XC;-TY a-.thor LZLII~ 

I I AEC has negotiated for Bovay Engineers, A-E,to handle the ~PSL~I! ~t -kis 

(*Bovay Engineers) I 

FECI - RW Dascenzo 

m AH POW L R 

COST LLua mnso PIC 

- 

FIXED PRICE 

PL.ANT CORCLl 

ARCWtTCCT-ENOINCPII 

DOIl ON LN QIN CIRIN 0 OLC RATION 

0. FIELD CNQINCCR 

LVERhOE 

PERCENT COMPLETE 

SCOLC. WUIICQIL. 4TATU4 & WR00RL88 

This project is to provide a facility to perfc-m c, fuii SCOPE: of er-g:xGT:A..g wsts 

and pilot plant studies asscciated with fie1 ~.process~.nn -cncepts 

A preliminary project proposal was writt3e2 and sex +,o AEC e~r1;. ir! Nc;~aker, 
requesting $50,000 to perform scoping design for tnis prc j'~?f 

1 

+ If design funds are available by March 1, 1961" 
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SEMI -- MONTHLY PROJECT STATUS F?EPORF1- 

SCOPE.. PURPOSE. STATUS & PRoamEss 

This project will provide facilities necessary to conduct-atmospheric physics 
research and development programs - 
The revise6 project prapossl was trsnsrnitted to the AEC on January 23, 1961. 
will probably be placed on the Al3C Agenda of February 2, 1961. 

It 

* Months after authorizatior_. 

TITLC FUNDING I Second Whole Body Counter - Cell Addition - 747 Building 
PROJ. NO. 

Cm-918 
I __ __ 

__ S -- ____ - COMMIT'¶. TO 
AUTWORIZLD FUNDI 

6 
ElTlMATED TOTAL COST s 110,000 

__ 
DESI ON 

COMPL. 

DATES CON5T. -- 

-______ 
F'EO - KA Clak 

- 
MAN POWER 

Fixe0 PRICE 

COST PLUS CIXED CLC 

PLANT COllCllI 

ARCWITECT--FNOINCER 

DE5ION LNOlNEERlNO OCLRATION 

01 FIELD ENOINEER 

Tkis project will provide a second whole body monitoring cell in the 747-A 
Building to increase the capacity of the Whole Body Counter Facility to meet 
projected needs. 

The project proposal is being studied by the AEC. 

+ Months after authorization. 



-* Months after authorization. 

MANPOWER 

PIXIID PRICE 

COST PLUI CIXKD ?CC 

PL.ANT CORCLI 

ARCHITECT-CNOINCPR 

DP I# ON EN OIN RE RIN 0 OC. R AT ION 

OC CISLO CNUINCCR 

ICOCI. PURCOSI, ITATUI b PROORCIS 
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PROFESSIONAL PLACEMED'T AND 
ilZUTIO1JS PRACTICES OPERATION 

KONTBLY REPORT 

GENERAL 

As of January 31, 1961 the staff of the Hanford Iaboratories totalled 1382 
employees, including 654 exempt and 728 weekly salaried. Of the total 562 
possess technical degrees, including 333 E.S., 124 M.S., and 105 Ph.D. 

--X?LTE, SAFTTY AND SECURITY --- I- 

The medical treatment frequency for January was 1.41 as compared with 1.32 
for the preceding month. 
accidents during the month. 
month, as compared with 2 for the corresponding period last year. 

PROFESSIONAL PLACEBENT 

Tc date, 'e3 offers were extended to E/MS candidates for the Technical Graduate 
Program. Of these, 7 acceptances arid 7 rejections have been received. 

Ph.D. employment activity included 8 interviews, with 2 offers extended 
(Chxnist s-HL), one acceptance (Cinemist -HL) and 4 reject ions (Chemist s-HL) . 

There were no disabling injuries or serious 
There was 1 security violation during the 

To date, 7 
Employment 

EMPLOYMENT 

prof e s s or s 
Program. 

have accepted HAP0 offers to part i c ipat e in the Summer 

Open requisitions at the beginning of the month totalled 23. 
new requisitions received, 14 vacancies filled, and 2 cancelled. 

There were 10 

C0MM;JN ICAT I ONS -- 

Titre new r2cruiting brochures, "General Electric at Hanford," and "Living in 
the Tri-City Area," were prepared and are now in use in our recruiting activities. 

Course or Seminar Number of People 

PnL I 41 
10 
7 

Creative Approach 
Technical Report Writing 

1231: I lb 

Status 

Continuing 
Continuing 
Continuing 

and Relations Practices 

UNCUSSIFIED 
OEE :Imh 
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TABLE I1 NONMPiIT PIPLOYMENT 

NF Dec. Jan. Nonexempt Employment Status Dee. -- Jan. -- 

At end of month 23 17 Active Cases et end of mo. 81 74 

Cancelled 1 2 Cancelled 0 3 

Received 14 10 New 1 2 

Filled 14 14 Effected 0 6 

Requi s it ions Transfers 

1234171 
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C - Technical Graduate Program 
Month ending January 31, 1961 

Number Personnel on assignmnt 
(HAP0 Tech Grad Program . . . . . . . . 55 
(Western District E.P. . . . . . . . . . . . 8 

Distribution of Assignments by Departments 

IF9 
BLO 
FTD 
CPD 
CE&UO 
CUO 

Distribution of Assignments by Function 

R&D or Engineering 
Other 

HW-68350 

63 

26 
22 
8 
3 
3 
1 

42 
21 

UNCLASSIFIED 
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FTMCLAL OPERATTO3 MCCNTRLY REPORT 
JANUARY 1961 

Per some1 

Tkere were no persoollel changes during the mcnth of January. 

Activities 

&~cIF~~ Laboratories travel through Januuy 1961, is at essentially the same level 
experienced during the same period in FY 1960. 
Tcdary in 1960, TOO trips were started as compared with 727 in FY 1961. 

During the period of July tl?,rc;irgh 

All f'urds available to Ha,nford Laboratories for off-site courses and seminars have 
tee2 committed as of this date. 

A eamplete revision to Hanford Laboratories' Manual on authorization and ~erfxmxe 
:f work is neazing completion and should be published within the next few weeks. 
Emfcrd Laboratories' OF'G's covering f'unctions and responsibilities of the varims 
sections are under review and revisions should be issued in the near future. 

A repxt of results was issued for the physical inventory of movable cataloged 
rpipnent; in the custody of Pkysics and Instrument Research and Development 
iCperation. 
-?&Je2 at $1,238,395, representing an increase of one hundred and sixteen itms 
-a,ied at $271,7u over the FY 1960 inventorjr. 

One thousand nine hundred and forty items were physically couitecl 

A special report - Annual Industrial Fire Program and Ekperience was prepax2 
&:-k-hg %he replacement value of plat and equipment assigned to ELG, exkL%di:G 
-XiergrmA installations and open sided structures at December 31, 1960. 
za~lscement, W;ze of plant and equipnie=lt-cn HL,O records is $62,1388,363 cmpzeJ 
- 

Tez TULe was We2 *om the I3uii.dh.g Cost Ilzdex pblished by Smith, Eeac-kxx, 
xxi GryLs. 

The 

$55,234,838 actual recorded book valxe. The index xed in reflecting re-gkce- 

X r.eicrt 3f results was issued f3r the quarterly physical inventory of C5hhe- 
aecial Ma5eriala. 
A, cy7 resxlts submitted. 
-ep~i;izq ad to reduce ow reconciliation efforts we propose going to a cert.'flcai- 
-:x ?ae inventory effective with the March Quarterly inventory. 
+=.TP ?f irventoqr will reduce OUT efforts by one half. 
irve~tzy reziLts thaf the llumber of material holders are declining, while The 
Ta3X-ties in the Laboratory Eqyipent and Special Materials Pool are ixreasi2g. 
E53 izvezrbcy prcmpted five holders to transfer all or part of their mteria; 
73 tte Pml. 
tr: ~rcvide far them, fs;ture inveritories will not be nearly as time cmsumi23 as 
:key curently are. 

Only minor qimitity variances were detected from the izve3- 

To simplif'y f'uture material hdders quarterly iavez%c-:y 

We feel. th2s 
It was evident frsm +>he 

- 

As more material holders accept this service which we &ne prepCPC 
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A cclll letter was issued to SS mterial custodians to submit their ma%erial fcre- 
casts for Diversions Inside Production Channels for the fourth quarter of FY 196; 
and the first and second quarter of FY 1962. 
activities remaining within production channels but diverted from the normal flow 
or process stream either for development or for direct production use. 
also notified that these forecasts are now on a semi-annual basis instead of each 
quarter for both Inside and Outside requirements. This will eliminate a total of 
four forecasts anmmlly. 

In general, this means material in 

We were 

A meeting was held with interested personnel from CAO and HLO for the purpose of 
discussing the handling of transactions pertaining to Heavy Water to enable an 
eveil flow of charges to Cost. It was agreed that: 

1. Heavy Water held for return to SROO will be held in a special account, to be 
established by CAO, until sufficient quantities are accumulated for shipment. 
Transfers to this account will be accomplished monthly at salvage values 
furnished us by SROO and the difference billed to Operating Cost. 

2. Consumption of Heavy Water will be charged to Operating Cost on a monthly 
basis . 

3. A monthly inventory of Heavy Water will be furnished Financial to enable us 
to determine consumption and quantity of material (with percentage of D20) 
being accumulated for shipment to SROO. 

Project unitization reports were issued during the month on the following project? 

CAH-827 Automatic Columbia River Monitoring Station, $ 34 878 

CB-837 Anhal Pens, Isolation and Fixanination Facilities, $ 77 999 

3614 A Building 

Addition to 141-FS Building 

Project unitization is progressing on the following projects which are scheduled 
to be completed in February: 

CAH-790 High Level Radioactive hterial Receiving and $344 948 

CAH-860 PRTR Fuel Rement Access, 327 Building $ 80 533 

Storage Addition, 327 Building 

To elimimte a duplication of effort by CAO and HLO in the keeping of records of 
zirconium scrap material and R&D stock, CAO will discontinue maintaining records 
for this type of material effective January 1, 1961. 

Thirty-one items valued at $9,186 were received at the Laboratory Equipment Pool 
during the month of January. 
of placement of requisitions valued at $ll,663. 
valued at $222,327 located in the equipment pool representing 4.2% of total HLO 
mwable cataloged equipment items and 1.4% of HLO equipment investment. 

Twenty-eight items were loaned or transferred in lieu 
There are currently 563 items 

I234 I8 I UNCLASSIFIED 
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Expeodit:De; far Equipment Not Included in Cawtrxtion Projects thrmgki .Jamary 
1961 are presented together with FY 1961 commitments in order to reflect +.ot.al 
encumbrances against our Fi 1961 allocation. 

F~I 1961 k 
PrO~am menditures Commitments mtal Allocation &cumbered 

$1 571 $1 877 84 
25 92 

86 885 
40 21 53 

100 - 50 

02 $ 60s $ 969 
6 17 23 

761 
03 

372 04 389 
14 7 

06 28 22 50 
05 

$1 387 $2 426 $2 940 83 - Totals $1 039 

Percent of equipment expenditure to allkcation for the 02, 04, and 06 Programs are 
compared with our historical three year average for the same period. 

Historical 
program FY 1961 Average 

02 32Q 40$ 
27$ 
30k 

04 41% 
06 28s 

COST ACCmmG 

R. T. Brawn, a BTC recruit, completed his rotation in Cost Accounting ad tracsfer- 
red to another HAP0 component. 
was transferred to KLO Cost Accounting in January. 

m-e Operating Cwt control budget was adjusted to reflect the transfer of the 
Waste Disposal function fiom Chemical Research and Developent to Labcratory 
AuiLiazies. This involved approximately $45,000. The control budget was alsc 
adjusted t-c; eliminate the budget for GETR Irradiations from EkperFmental Gas- 
Cr,sled Reac+,or operating coats. 
mecial geceral ledger account maintaiaed by Cantract Accounting. 

h instruction letter was sent to HLO management for preparation of the kdgef 
frir Fi 1963 and Revisim of Budget fcr FY 1962. 
Budget for 
+,he RLO Sect",ons, apprmed by the Manager - Word Laboratories and tramnittea 
to Contract Accmting m the date due. 
per some1 requirement J ; 

Concurrentiy, S. C. Thomson, also a BTC recruit, 

This ifem sf cost -&ll be accumulated in a 

Persome1 requirements for tke 
1963 aod Revision of Budget for FY 1962 have been received fY2m 

Following is a brief summary of the 

Act.& personnel 12-31-60 
Illcrease by 6-30-61 

Budget at 6-30-63 1 419 

Increase by 6-30-62 ll 

Decrease by 6-30-63 (4) 
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Other phases of the budget are progressing as scheduled. 
requirements for Automotive and Heavy Mobile, Photographic, Office, Radio and 
Audio-visual equipment were prepared and transmitted for HAP0 consolidation. 
Data Processing requirements for FY 1962 and FY 1963 were reviewed with HLO 
management in Januas.y and submitted to Accounting Operation. 

Ranford Laboratories' 

Special requests received during the month are 8s fbllows: 

.2P - 

.2Q - 

.2R - 

Technical Assistance - Dugway Radiation Test Fgcility. 
cost is $3,000. 
nator on this request. 

The estimated 
Izr. I. T. Myers, Radiological Physics, is the coordi- 

Fabrication of two glass cylinders for General Engineering Laboratories. 
Estimated costs are $850. 
Technical Shops. 

Prepare Plutonium Foils for duPont Company, Savannah River Plant. 
Estimated costs are $3,000. 

Work will be performed by the Glass Shop, 

Organizational cost code, 7522 - Reactor Engineering Development - Special 
Studies, was established, effective January 15, 1961, to accumulate engineering 
costs associated with the Super Critical Reactor Studies. 

The quarterly report listing Hanford Laboratories planned expenditures of $5,000 
or more for each item of material and off-site contract procured for research 
and development programs during the balance of FY 1961 was prepared and transmit. 
ted to Contract Accounting. 
follows: 

The totals reported by major AEC programs were as 

02 Program 
04 Program 
05 Program 
06 ~r0g1-t~ 

Total 

$126 ooo 
444 000 
17 ooo 
26 ooo 

$613 ooo 

Arrangements were made with the Laboratory F'acilities Operation to issue a monthly 
report containing inventory figures in connection with the Strontium-90 Program. 
This information will be submitted to the Chemical Processing Department. 

A first draf't of a "Fuel ELement Fabrication Economics Study" prepared by Reactor 
Engineering Development was received January 13 for review and discussion at a 
meeting on January 16. Considerable time subsequently has been devoted to 
appraisal of mqnpower requirements, reject rates and cost estimates included in 
the report to assist in preparation of the second draft. 

In connection with the present study under way at HAP0 to effect economies and 
efficiencies in operation, a description of services performed by Himford 
Laboratories which are classified as "general overhead'' f'unctions was prepared 
along with historical cost data. 
serve as the basis for f'urther HAP0 study and evaluation. 

This information along with other data will 

1231r183 
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. Sckeduies md daxa were prepared for use by HAX mzagemea$ in discusslm; early 
in January with the AM: - Division of Reactor Deveiopment people 03 Fr2gram 
levels for FY 1961 ad FY 1962. 

Operating ccst information was cwiled for incl-ision ir? the ann& informatien 
neeting for emplcyees presented by the Manager - Hanfmd Iaboratories. * 

- 
Actio3 as indicated cccurred on the following progect during the mo=lth+ 

Mew Funds Authorized HLQ 

QUI-914 Rattlesnake Springs RadicechlogY Faci1it.y $;8,300 

Esnfcrd Iaboratories received an additimal $35,000 allocation fcr Miscelianecils 
Capital. Work Orders under $20,000. This allocation brings our FY 1961 f'unds up 
to $l5O,OOO. At month end, $107,200 had been eqended and $17,209 m.5 ccdtted, 
leaving an mencumbered balance of $25,600 

Payroll Statistics 
Ron- 

NMlber of HLD ESaployees - Ta-twl Exenrpt E?.?!XL 

Elmplayees on Payroil at Beginning of Mnth 1 386 654 732 11 
Changes During lbnth 

20 
24 

Additions and Transfers 12 15 
Removals and 'Bansfers Out 

- Employees on Papoll at End of Mmth 2 - - - 

Cvertime Payments Wiag Mczth 

Gross Payroil Paid Durirg Mcnth 

$ 9 034 
I=: 868 

$2& 333 

$573 461 

$$e$ 458 495 
$1 035 934 

JtU2-m' Decern%er ParticlFatisn in Ehplcyee Benefit 
Pleas at Mmth IFnd lhmber Percent Number Per c ezt 

1 225 99 *4$ I 229 99 4 G 

I 374 99.5 1 379 99.8 

Pensio2 Plm 
Issurazce Plan 

991 
Perxqial Cversge 
DeFecdezt Czverage 98 
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Insurance Clahs 
Employee Benefits 
Life Insurance 
Weekly Sickness and Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

Good Neighbor Fund 
Number Participating 
Percent Participating 

Jam 
Number Amount 

0 $, 
18 1 140 
87 2 300 

w 
68.1 

Feb& 15, 1961 

1234185 

December 
Number Amount 

0 $. 
17 
131 

1 250 

9444 

December 

946 
68.3 
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INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief, no inventions or discoveries were made rn the course of their 

work during the period covered by this report except as listed below. 

persons further advise that, for the period therein covered by this reporr, 

notebook records, if any, kept in the course of their work have been 

examined for possible inventions or discoveries. 

Such 

LNVENTOR 

M. C. Lambert 

J. Dunn 

J. C. Spanner 

H. L. Libby 

C. A. Ratcliffe 

D. F. Carroll 

J. W. Weber 

L. E. Mills 

TITLE OF INVENTION OR DISCOVERY 

Method for Increasing Rate of Dissolution 
of Uranium Oxide by Chlorme Gas rn 
Fused Salts (HW-68232) 

Bearlng Adjustment - Canned Motor 
Pumps 

A Method and the Apparatus for 
Measurmg the Annulus Spacing Between 
Two Concentric Tubes 

A Multiple Parameter Eddy Current Non - 
destructive Testing Device 

An "Exclusive-Or" Circuit 

A Method of Plutonium Disilicide 
Preparation dated 1-17-61 

An Oriented Capsule for Horizontal 
Irradiation of Fuel Samples 

Superior Nuclear Fuel Element Claddmg 
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