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c. V HW-715 35 

BUDGETS AND COSTS 

October operating costs totaled $2, 310, 000; fiscal year-to-date costs are 

$9,246,000 or 3570 of the $26,556,000 control budget. 

research and development costs for October, compared with last month and 

the control budget are as follows: 

Hanford Laboratories' 

COST 
(Dollars in Thousands) Current Previous FY 

HLO Programs 
02 Programs 
04 Programs 

05 Programs 
06 Programs 

FfD Sponsored 

IPD Sponsored 
CPD Sponsored 

Month 

$ 53 
9 74 

69 

206 
1 302 

13 0 

112 

16 4 

Month 

$ 45 
1 015 

76 

232 
1 368 

12 1 
12 3 
13 0 

To Date 

$ 171 
3 880 

265 

829 
5 145 

482 
447 

533 

Total $1 708 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

$1 742 $6 607 

Bu.dget 

$ 605 
10 150 

993 

2 720 
14 468 

1400 

1325 
1570 

$18 763 

70 
Spent 

2 8% 
38 
27 

30 
36 
34 
34 
34 

3 5% 

- 

- 

NPR fuel development continued with the irradiation of the first full-sized 

NPR tube-tube element in the ETR loop. 
wi+hout incident. 

The irradiation is continuing 

Although the swelling observed in five NPR inner tubes irradiated to 
2100 MWD/T was slightly higher than expected, no observable warp or 
other ill effects were noted. 

It has been demonstrated by in-reactor rupture tests that the rapid in- 

reactor corrosion rate of NPR fuels is a consequence of fuel cracking 
rather than an inherently more rapid corrosion rate of irradiated 
uranium metal. 

A preliminary evaluation of the single tube segregated-enrichment fuel 
element concept is to be obtained by an irradiation of an experimental 

element in the 6x6 M3 loop of the ETR. The fabrication of the element 
and associated hardware for this test has been started. This concept 

is an alternate to the NPR tube-tube design. 

1231311 
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Tests with irradiated NPR-type fuel tubes which were defected and 

ruptured ex-reactor continue to show the desirability of cooling the 

water to 200 C as soon as possible. 

compare favorably in rupture rate and apparent mechanism with the 
last two ETR in-reactor rupture tests. 

Two recent ex-reactor tests 

Additional boiling burnout data were obtained for the inner surface 
of the inner tube of the NPR fuel element. Under certain conditions 

burnout occurred unexpectedly at a point upstream of the outlet end. 

However, this does not change the boiling burnout safety factor for 
the NPR fuel element. 

NPR shielding studies indicated that radiation leakage through the 

front shield would be greater than design tolerances. A recommen- 
dation that the front face biological shield be changed to 245 lb/ft3 

density iron - serpentine concrete was adopted. 

Service failures of 420 stainless steel and 1075 carbon steel "Truarctt 

retaining rings employed on the old reactor front nozzles have been 

duplicated in the laboratory and appear to be due to hydriding lowering 
the static fatigue limit. From laboratory tests to date, Ph 15-7 Mo 
steel rings are the most promising replacement ring material. 

The presence of hydrogen in excess of the solubility limit in Zircaloy 

increases the post-breakaway corrosion rate in 400 C steam by a 
factor of 2 to 3. 

term corrosion rate of Zirealoy, but to a substantially smaller degree. 

Repetitive thermal cycling also increases the long- 

No significant hydriding was found in the Zircaloy-2 process tube 
recently removed from KER Loop 3. 
flux location. 

Examination was at the maximum 

4 

Continued improvements were shown in most phases of PRTR operation t: -' 
during October. 
on October 31. 

pounds per day based o_n_stack gas samples. 
efficiency during October was a highly satisfactory 56. 5%. 

A continuous 10-day run at full power was concluded 
Heavy water losses during this run averaged about 50 

I- 

Over-all operating 

Monitoring of eight PRTR Zircaloy process tubes in-reactor during 
'i 

\i the late September outage revealed continued satisfactory observations. 

Further examination of tube #1154, removed in July, revealed no 
hydriding or white corrosion product at the base of the deepest (5 mils) 
wear-corrosion groove. 
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Four 19-rod cold swaged U02 fuel elements, inspected during a recent 
PRTR outage, showed no evidence of loosening of the wire wraps, crud 
buildup, or serious surface damage. 

U02 fuel elements of the nested tubular design and 19-rod elements 

fabricated by hot swaging, cold swaging, and vibrational compaction 

are ready for charging in the PRTR at the next outage. 

Zircaloy-clad, U02 fuel elements containing one-eighth inch diameter 

particles of fully enriched U02 (Pu02 stand-in) have operated 
successfully for an extended period in the MTR. 

is estimated to be nearly ten times that found in the PRTR. 
The local heat flux 

Swaged U02 capsules clad in Zircaloy have been discharged from the 
MTR after being irradiated to 53, 000 MWD/T. 

A single crystal of arc-fused U02 was discharged from the ETR after 

irradiation to an exposure of 8900 MWD/T. 

An adaptation of the conventional vibrational compaction technique to. 

permit the fuel to be vibrated from a beam suspending the specimen is 
being developed as a means of eliminating potential contamination 

hazards which may be present in the refabrication of partially decon- 

taminated U02. 

The first irr,adiation cycle for the 6. 25 w/o Pu-240 Phoenix capsule 

(GEH-21-11 has been successfully completed in the MTR, and after a 
ten-day cooling period, reactivity measurements were made in the 

ARMF. 

Examination of the aluminum-plutonium intentional rupture element by 
Radiometallurgy indicated that none of the wires had loosened and the 

element was generally unaffected as a result of irradiation. 10nly a 

small amount of corrosion was noted at the point of rupture. 

A set of -02 pellets pressed from powder derived by a 550 C air 
calcination of the oxalate was heated to various temperatues in high 

vacuum (-3 - 5 x 10-5 mm Hg) in order to study the thermal compo- 
sitional stability in very low oxygen pressures, simulating fuel core 

environment. 
while at 1900 C reduction was considerably greater. 

Reduction occurred slowly at temperatures up to 1740 C 

The effective depth of oxidation of large graphite pieces has been shown 
to be only half that previously believed. 
interpretation of any potential EGCR burning hazard. 

This has a favorable effect on 

An in-reactor creep test was conducted at 600 C on 20 percent cold 
worked Zircaloy-2. Comparison of the in-reactor rate to that 

n meebsured in an identical ex-reactor test indicated that there was no 

1231313 - 
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effect of neutron irradiation at this temperature. 

creep capsule was modified by the insertion of water cooling coils 

around the specimen. 

will be dissipated by these coils. 

A third generation 

Bench tests indicate that excess gamma heat 

Seventy percent cold worked Zircaloy-2 was found to suffer less 
reduction in uniform elongation than annealed Zircaloy-2 after an 

exposure to 1019 nvt. It is also observed that the transverse and 
longitudinal properties of the irradiated alloy differ less for the cold 

worked condition than for the annealed condition. 

2. Chemical Research and Development 

A second hot cell test of the recovery of techneitum-99 from Purex 103-A 
waste supernate by strong base ion exchange resulted in the recovery of 

five grams of product at a concentration of 0.42 g Tc/l. Decontamination 
factors of 190, 21,000 and 280 were realized for cerium, cesium and 
zirconium-niobium, respectively. 

Strontium-90 recovery activities in the Hot Semiworks were concluded 
on October 14, 1961, with the transfer of the facility to the Chemical 

Processing Department. 
indicate a recovery of over 800, 000 curies of strontium-90, of which 
over 700,000 curies met product specifications. 

Preliminary material balances for the program 

The final run in the strontium recovery campaign resulted in successful 
demonstration of the technical feasibility for the simultaneous recovery 

of strontium-90, cerium-144, and a cerium-free rare earth concentrate. 
Although the recovery efficiencies for fission products other than 

strontium-90 were less than desired, these were caused by force-fitting 

the recovery process and operation to existing Hot Semiworks equipment. 

Laboratory studies have confirmed that the presence of colloidal iron 
in influent river water can affect the efficiency of arsenate removal by 
the high alum, reactor water treatment process. In a laboratory 

simulation of this treatment, greater than 94 percent removal of 
arsenate was achieved even in the presence of colloidal iron at pH 7. 

At pH 6.75, however, arsenate removal was only 77 percent in the 
presence of colloidal iron vice 96 percent in its absence. 

\ 

Promising results were obtained on the use of film "poisoning" agents 
to reduce absorption of parents of radioisotopes onto reactor tube 

surfaces. Of many such reagents tested to date, octadecylamine 
acetate shows the greatest promise, reducing arsenate adsorption by 
a factor of about ten one-day after its addition. 

\23\3\4 
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The detection limit for 1-131 in milk has been improved in keeping with 

new requirements of the Federal Radiation Council. Concentration by 
anion exchange of the 1-131 in a 20-liter milk sample allows analysis 

at the 1 ppc/liter level. 
between two 9-in. x 4-in. sodium iodide detectors allows analysis at 

the 3 ppc/liter level. 

Direct gamma counting of a 3-liter sample 

Refined chronopotentiometric measurements have disclosed that 
cathodic reduction of uranyl ion to U02 in molten chloride systems 

proceeds stepwise through a soluble uranium(V) state. 

Exploratory studies aimed at effecting cleaner separation of plutonium 

from uranium and rare earths via precipitation of Pu02 out of lower 
melting molten chloride systems where plutonium(1V) can be stabilized 

are being made. 

sparge at 550 C resulted in the precipitation of about 80 percent of the 
plutonium and, unexpectedly, about five percent of the uranium also, 

for a separation factor of about 15. 

Addition of MgO to a LiC1-KC1 melt during a chlorine 

Electron microscope studies have shown particulates in the off-gas 
from the Radiant Heat Spray Calciner to be in the range 0.01-0.1 

microns. 
in the size range as evidenced by the fact that a Peabody scrubber gave 

essentially no removal. 
bubble scrubber gave decontamination factors of 10 to 15, however, and 
an effluent dust loading of about 20 pg/ft3. 

Conventional wet scrubbers give poor removal of particles 

A new approach termed the electrostatic 

A Micro Pilot Plant Run is being made to determine the effectiveness 

of the combined use of Amberlite IR-120 and clinoptilolite for the 
extraction of long lived fission products from Purex condensate waste. 
To date, strontium-90 and cesium-137 concentrations in the effluent 
have not exceeded their respective MPCw's after the treatment of 
about 20, 000 column volumes of waste. 

The results of previously conducted soil column tests showed that 
existing Redox plant cribs, with two exceptions, have estimated 

remaining lives for radioisotope removal in excess of ten years, 

exceptions are the 216-SL-1 and 2 (Redox laboratory and 300 Area wastes) 
cribs which have an estimated useful life of 3 to 6 years. 

The 

Decontamination of plutonium from ruthenium by anion exchange was 
tested using Redox 11 BP. 

yielding a ruthenium decontamination factor of 450 and a product of 
acceptable chemical purity. 

Results were encouraging, the test 
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3. Physics and Instrument Research and Development 

c 

.- 

Additional relaxation of critical mass limitations in the 234-5 milding 

will result from further in-hood experiments of the type reported last 
month. 
three storage hoods with the result that current limits for these hoods 

can now be substantially increased. 

During the current month these techniques were applied to 

In the Critical Mass Laboratory, experimental work continued to gather 

data on plutonium nitrate solutions. To date a total of twenty-three 

criticality determinations has been made. In addition to current 

determinations, equipment improvements under development include: 
liquid level measurement, semi-conductor neutron detectors for 

buckling measurements, a new type period meter, and a control rod 
drive assEmbly. 

Establishment of shipping rules for 370 enriched, dry UOg will be 

substantially aided by results obtained from the calculational side of 

the critical mass program. 
results in good agreement with existing experimental data for mixtures 
with higher hydrogen content and may thus be extrapolated to the dry 

condition (atomic ratio of hydrogen to uranium less than unity) with 
some confidence. 

in this- dry condition will not be critical in any amount. 

These Monte Carlo type calculations gave 

According ,to the calculations 3'7'0 enriched U03 

Extensive nondestructive tests were made on NPR primary loop piping 
at the request of IPD. Radiographic, ultrasonic, and fluorescent 

penetrant tests, including special adaptations, were made on weld beads 
in thick-walled pipe sections at the Pasco HUICO shop, and on samples 

in the 306 Laboratory. Radiography did not resolve fine discontinuities 

in the weld. 
completed, difficulties have been encountered from interfering signals 
from minor laminations in base metal near the weld. 

granular cracks in the weld have been detected by sectioning and 
macro-etching. 

Although analysis of the ultrasonic tests is not yet 

Small inter- 

Process tube distortions at C, D, and F reactors were measured with 

the Mark I optical traversing devices. 

for better sensitivity and readability. 
been devised for the Mark II model now being fabricated. 

Test results indicated a need 

Appropriate improvements have 

In order to obtain some insight on the need in the Plutonium Recycle 
Program for irradiation experiments in neutron spectra other than 
that available in PRTR, plutonium burnups in a variety of neutron 

spectra were calculated. 

properly controlled, could pro 
analyses. 

The analyses indicated that such experiments, 

123131b 



Continuing effort was applied to several physics computer codes during 

the month. 
a stepwise constant reactivity by varying the SDPV, slowing down power, 
The RBU basic library updating was completed and analyses of plutonium 
and uranium solutions for code checking purposes continued. A program 
for updating the G-2 nuclear data tape using the RBU basic library data 
was completed. Program HET to calculate the eigenvalue and fluxes for 

a heterogeneous reactor is being revamped in an attempt to get more 

accurate answers to PRTR Pu loadings. 

being processed for reproduction. 

MELEAGER was revised to include provisions for maintaining 

An informal report on HFN is 

Experimental information on the neutron energy spectrum in a plutonium 
fueled reactor was obtained from a plutonium nitrate experiment in the 

PCTR. 
moderator temperature will aid in obtaining insight into the adequacy of 
calculational methods when applied to plutonium. 

The observed substantial increase of "neutror, temperature" over 

The theory of the multiple-parameter eddy current nondestructive test 

method for detecting and identifying small individual test parameter 
changes has been experimentally confirmed in a four -variable test 
simulation. 

Expensive machining costs for large, scintillation -detector light pipes 

can be reduced by a new plastic casting technique. For example, $800 

to $1000 per instrument can be saved in fabricating the new six-probe 
alpha - bet a - gam ma monitor. 

Two consecutive months of satisfactory operation for the coincident- 
count alpha air monitor show that the system will reliably alarm in about 

one hour for a continuous Pu-239 air concentration of 2 x 10-llpc/cc 

(10 MPC) , even with abnormally high radon-thoron background concen- 
trations. 

An invention report was filed on a Pulse Triggered Semi-Conductor 
Tone Generator, an improved aural alarm for radiation protection 
instruments. 

In Air Force-supported programs, data summaries for the first series 
of atmospheric diffusion experiments conducted at Vandenberg Air Force 

Base, California, were forwarded to the Air Force for further analysis, 
A total of 52 field trials were included, embracing a wide range of 

atmospheric stabilities and wind speeds over rough coastal terrain. 

Several experiments conducted during periods of fog were also included. 

1231311 
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4. Biology 

Evidence continues to accumulate that the incidence of the fish disease 

. columnaris increases with crowding of fish. Further, there are some 

good indications that columnaris does not infect salmon since gill 

lesions on these fish would- not yield any of the organisms, whereas 
scrap fish did yield columnaris. 

organisms with intermediate virulence did not change virulence when 

irradiated by tritium. 

In addition, a strain of columnaris 

The 1961 salmon survey of spawning in the vicinity of Hanford was 
initiated during November. The survey was started one or two months 
late due to the delay in obtaining a charter airplane from which to make 
the survey. Difficulties were encountered in spotting salmon nests due 

to the lateness of the season. 

Because of the absence of any manifestation of toxicity am 
fed up to 125 &c Srgo/day, a new feeding level of 3.1 mc S>y:r:as 

initiated in three swine. 
responses that can be found in lower level groups. 

It is hoped this very high level will show 

Triethylenetetraminehexaacetic acid (TTHA) orally administered to 
rats previously injected with plutonium removed all but 8 percent of 
the plutonium. 

percent. 
probably be effective at non-toxic doses when orally administered. 

DTPA administered under the same conditions left 13 

Preliminary evidence indicates that the new drug will 

In obtaining background data need for experiments designed to clarify 
effects of radiation on reproduction in a population, another enigma of 

nature was uncovered. 
fecund the first day of adult life, but the females are not until the sixth 

day. 

The male insect (Tribolium confusum) are 

5. Programming 

As a result of renewed AEC interest, computations are being made of 

the reactivity limited lifetime of plutonium fuels in an HLO reactor 

concept having different amounts of moderator in various zones to 

allow absorption of excess neutrons in fertile fuel rather than in control 

systems. The computational program includes comparison of this 
concept to a similar system, the Edlund Spectral Shift Reactor, and more 
particularly, to reactors employing the continuous, i. e., "graded, " 

discharge fuel cycle wherein the excess neutrons from the fresh fuel are 
absorbed in the highest irradiated fuel to prolong fuel exposure. 

1231 3 18 
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In a final report on thorium-230 it is indicated that the resulting 
uranium-232 (and thorium-228) from power reactor irradiation of 
thorium-230 will be available in quantities and at costs such as to 

be highly favorable materials for application as radioisotopic power 

producers to logically compete with strontium - 90, plutonium - 2 38, 
cesium - 13 7, promethium - 147, and curium - 2 42. 

TECHNICAL AND OTHER SERVICES 

Statistical designs for three production tests were presented to personnel 

from feed sites for approval and action. 
variables in the design in order to remove the corresponding effects from 

the comparisons of interest represents a major change in the planning and 
execution of production tests on fuels. 

The concept of including feed site 

A proposal to simulate reactor operations using a computer was submitted 
to IPD for comments and approval. 

A tentative program for intensifying statistical studies concerned with all 
phases of the reactor tube leak problem has been agreed upon with IPD 
personnel. 

Full-time system consultation in connection with the computer installation 
in 234-5 Building was completed early in Octo'ber. 
computer concept and the relative ease of system modification to accommodate 

process changes was successfully demonstrated. 

The pertinence of the 

In connection with plutonium purification and fabrication, the completion of 
a generalized linear regression program provided an opportunity to make a 
more comprehensive analysis of data obtained in process studies directed 
toward greater dimensional stability. 
analyze data on the purity of the plutonium at the button stage. 

The program is also being used to 

A mathematical model for the diffusion of hydrogen in a zirconium-clad 
uranium core fuel element was constructed and a formal solution obtained. 

A solution was also obtained to a mathematical model for the study of steady 
state fluid flow from a multicompartment test well. 

Further work was done on the algebra of four-state devices. 
plotted showing time dependent probabilities of different states under several 

different conditions of input and output logic. 

Graphs were 

An interruptive package has been programmed so that all BIMD statistical 
routines can be used directly on the IBM 7090. 
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On September 26 the Federal Radiation Council published its second 
official memorandum for the radiation protection guidance of Federal 

agencies. 
radionuclide iodine-131. 
measurement techniques for iodine-131, and for reducing the local control 

limit for release of iodine-131 to the atmosphere. 

The principal interaction with Hanford will be with the 

Plans were made for the improvement on 

A review of the number of unplanned whole body radiation exposures in 

excess of the local control limit of 1 r in 4 weeks shows that there have 
been six such cases in 1961, 
to previous years and may indicate the need for more stringent control. 

This frequency is abnormally high as compared 

Sharp increases in the iodine-131 concentrations in milk and pasture grass 

were detected during the month. 

locally indicated iodine-131 concentrations as high as 840 ppc /I. Iodine-131 

concentrations in milk produced by locally pastured cows reached 550 ppc/l. 
These increases are apparently attributable to weapons debris from atmos- 
pheric testing, and are similar to measurements found in other areas 

receiving fallout. 

Commercial milk samples purchased 

One new case of plutonium deposition was confirmed by bioassay analysis 
during the month. 
occurred at Hanford is 272, of which 197 are currently employed. 

The total number of plutonium deposition cases that have 

There are 18 currently active projects having combined authorized funds in 
the amount of $5, 558, 000. 

$10, 807,000. Total expenditures on them through September 30, 1961 were 
$2, 589, 000. In addition, project proposals have been submitted requesting 
authorization of $334, 000 total project funds on 3 new projects. 

The total estimated cost of these projects is 

Project CAH-901, Structural Materials Irradiation Test Equipment, was 
completed during the month. Estimated final cost is $122, 500 compared 
to authorized funds of $125, 000. Completion was October 15, 1961. 

SUPPORTING FUNCTIONS 

Heavy water losses charged to operating cost for the month of October 
amounted to $36, 000. 

September loss which was understated 1400 lbs. 

This includes an adjustment to the reported 

($19, 544). 

Travel activity continues at a level approximately 20% below that of the 
last two years. 
with 463 at the end of October 1960. 

To date in FY 1962, 309 trips have been started compared 

Equipment procured by HAP0 to support University of California Lawrence 
Radiation Laboratory research and development programs valued at approxi- 
mately $700,003 (first cost ) was officially transferred to Hanford Laboratories 
during the month. 

I23 1320 
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Advanced Degree - Three Ph. D. applicants visited HAP0 for employment 

interviews. 
were received. 

Five offers were extended; two acceptances and two rejections 
Current open offers total three. 

Technical Graduate Program - Five Technical Graduates were placed on 
permanent assignment. Current program members total 83. 

for Manager 
Han fo r d La bo r at o r ie s 

HM Parker: WHR: st 

1231321 
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REACTOR AND - RESEAXCII AND DEVELOPMENT 

TECHNICAL ACTIVITIES 

OPERATI 

1. METAL;LURGYPREW 

Corrosian Studies 

TRUARC Ring Failures. 
and 420 stainless steel have been employed on the front nozzles at the 
K Reactors. 
vestigation of the reasons and possible solutions. 

The high hydrogen concentrations in the carbon steel rings which failed 
in service indicate a possible lowering of the static fatigue limit and 
embrittlement by absorption of corrosion product hydrogen. 
the relative vulnerability of the various ring materials to hydrogen, 
stressed sample rings were imrnersed in a 1 v/o bath of H2SO4, and made 
cathodic to a Pt wire anode. A current density of 10 amps/& was main- 
tained. 
The time-to-failure was taken as a qualitative measure of the resistance 
of the ring to corrosion product hydrogen. 

TRUARC retaining rings of both 1075 carbon steel 

Failures of these rings in service have prompted an in- 

To determine 

The temperature of the bath was kept below 25 C by water cooling. 

The test showed the 1075 carbon steel, the Cd-plated carbon steel and the 
420 stainless steel to be extremely vulnerable to electrolytic hydrogen, 
failing in 3 to 17 minutes when the maximum tensile fiber stresses of the 
rings were maintained at 100,000 psi. 
resistant: 
after 22 hours. 
imposed tensile stresses, for all ring materials. 

A test has been initiated in which rings or' carbon steel, 420 stainless 
steel, and PH-17-5 Mo are exposed to treated reactor process water while 
stressed to l30,OOO psi maximum tensile fiber stress and galvanically 
coupled to mild steel. The only ring to fail thus far was of 420 stain- 
less steel, after a period of 1.7 hours. 

To date the most promising candidate for ring material is Armco PH-17-5 
Mo stainless steel. 

Erosion-Corrosion of Aluminum Alloys. As reported last month, erosion- 
corrosion was indicated on X-8001 and 1245 aluminm alloys (in 500 Area 
tap water at 102 C), since applying a 100-psi back-pressure on the flow 
system reduced the corrosion rate 01: both alloys two-fold at the highest 
flow velocity of 76 ft/sec. 
pressure at the lower flow velocities (43 and 59 ft/sec) showed no sig- 
nificant reduction in the corrosion rates below those observed with no 
back-pressure. 

Armco PH-15-7 Mo is mch more 
one ring lasting 11 hours and another showing no breakage 

The time-to-failure increases greatly, with decreasing 

Further tests in October, applying the back- 

d 
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Effect of the Hydrogen Content of Zircaloy-2 on the Corrosion Rate. About 
250 pprn hydrogen was added to a group of 30-mil Zircaloy-2 coupons to al- 
most reach the 280 ppm solid solubility limit for hydrogen at 400 C. The 
pre-transition corrosion rate in 400 C, 1500 psi steam for the hydrided 
samples was the same as the group of controls which had 25 ppm hydrogen. 
The time to transition was normal for both groups. 
tion at 40 days, the hydrided samples corroded faster than the controls 
by a factor of two to three, indicating that the presence of hydrogen in 
excess of the solid solubility limit increases the corrosion rate in 
400 C steam. 

Corrosion Product Hydrogen Pickup. Previously reported work has sham 
that the amount of corrosion product hydrogen pickup for Zircaloy-2 
exposed to 400 C steam could be reduced by maintaining an oxygen concen- 
tration of 3 to 4 ppm in the feed water to the autoclave, with no mea- 
surable effect on the corrosion rate of Zircaloy-2 as compared with de- 
gassed (oxygen-free) systems. 

Huwever, after transi- 

The effect of higher oxygen concentrations in the vicinity of 50 ppm is 
currently being investigated. 
further reduction in hydrogen pickup below that reported for water con- 
taining the 3 to 4 ppm oxygen concentration. 
corrosion rates of the Zircaloys in 400 C steam appear to have been in- 
creased slightly by the higher oxygen concentration. 
at 28 days in 400 C steam containing 50 ppm oxygen are 44.0 mg/dm 
56.4 mg/dn? (Zr-k), and 61.8 q/& (low Ni 2-2) as compared with 
35.9 mg/d (Zr-2), 36 mg/dm2 (Zr-4), and 46 mg/& (low Ni Zr-2) 
obtained in systems operating with 3 to 4 ppm oxygen. 

Initial data for Zircaloy-2 show no 

On the other hand, the 

!3ains The weight 

(Zr-2), 

Zircaloy Components for Coextrusion 

Properties of the Zircaloy-2 components for the coextmsion process may 
contribute to interface royghness and dimensional variations in the 
cladding of the N fuel. The grain structure and room temperature hard- 
ness of the components fromthree of the four vendors have been charac- 
terized in the as-received condition and after simulated coextrusion 
preheat cycles. The grain structure of the as-received components re- 
veals =tal that is heavily cold worked, partially recrystallized, re- 
crystallized to a fairly uniform grain size, and recrystallized with 
severe grab growth near the outer surface. Two components also had 
grains oriented in a layered pattern apparently as a result of a large 
number of stringers. 
ponents to 26 microns in others with grains as large as 130 microns near 
the surface of one component. 
metal is about 99 Rockwell B; of the partially recrystallized, 93 RB; and 
of the completely recrystallized 88-92 Rg. The severe grain growth near 
the outer surface of one component resulted in a hardness range of 3 to 
84 RB; the inner surface was 88 Rg. 

Grain diameters range from 8 microns La some com- 

The hardness of the heavily cold worked 
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After the simulated coextmsion preheat cycles all components 

m-- 
Efw-71535 

were in the 
annealed condition with hardnesses rangiag from 8’7 to 92 Rg except for 
the component with severe grain growth. 
remained at 75 to 84 Rg. 

The heavily cold worked netal annealed to grains 3 to 14 microns in 
diamzter. 
caused by the preheat cycles except for limited grain growth near the 
surface of three components where grain diameters increased from 10 to 
14 microns. 

The harciness of the outer surface 

There was little if any increase in grain size of any coqonents 

There are several possible effects these properties c0,d.d have on the 
quality of the coextruded fuel. 
a more uniform deformation at the uranium-zircaloy junction and result 
in a smoother interface. 
to a fibrous Zircaloy surface and uranium-zircaloy interface. The inter- 
face roughness of samples from coextrusions will be measured. With 
varying amounts of grain growth present in a component, the extmdability 
could be significantly influenced, thus causing variations in clad thick- 
nesses over general areas along or around tne fuel. 
coextrusions using this component are being measured. 

The smaller grain sizes should promote 

Layered grains and stringers could contribute 

Clad dimensions of 

Radiom?tallurgy Laboratory Studies 

NPR-type fuel elements from the sixth and seventh ETR rupture tests were 
examined and the corrosion weight losses of uranium were determined. 
There was no evidence of deterioration of the Zircaloy baskets adjacent 
to the reaction areas (RM Nos. 581 and 585). 

Five NIN elements which were irradiated to 2000 MD/T at simulated NPR 
conditions in the KER facility were in excellent condition after testing. 
Muimum warp observed was 56 mils double throw and the average increase 
in the diameter was about 10 mils (RM-587). 

Metallurgical examination of the second KER size tube-in-tube element, 
GEH-10-41 and 42, which was irradiated at high temperat,dres in the 6x9 
loop of the ETR, was completed this month. The Fe-Be-Zr alloy braze at 
the end caps of the inner tube was partially cracked at the hot end and 
completely cracked adjacent to the uranium at the cooler end. The braze 
at the hot end of the outer element was in good condition, but at the 
cooler end had not bonded to the u-anium, and growth at the end of the 
uranium had occurred which was similar to that previously doserved in 
elements with unbonded end caps (RM-709). Metallographic examination of 
the inner bore of the element from KER single tabes irradiated to 
3500 MHD/T revealed some cracking of the uranium but no serious defects 
in the closures on the cladding (RM 584). 

Preliminary examination of a NaK capsule for production test 402-A, ir- 
radiated for five days in DR Reactor,, indicated that a rupture had appar- 
ently been caused by overheating due to restricted coolant flow. 

Further details and interpretations of the above findings will be reported 
connection with the development programs served. 
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Basic MetallurF3y Studies 

Zirconium Alloys of Variable Tin and Oxygen Content. 
program is to determine the effect of tin content, oxygen content, and 
extrusion temperature on the extrusion constant of Zircaloy-2. Double 
vacuum arc melting is being used to furnish the extrusion billets. 
ing of this material is 62 percent complete, with five primary ingots to 
3e melted and 13 secondary ingots to be melted. Estimated date for com- 
pletion of melting is November 15, 1961. 
currently being prepared for primary extrusion. 

The purpose of this 

Melt- 

Tbree of these billets are 

hktallic Fuel Development 

Fuel Irradiations. Cross sections of a KSE-3 single tube fuel element 
irradiated to 3600 MWD/T have been examined in Radiometallurgy. 
uranium fuel conforms completely with the highly distorted inner clad. 
The bond between the clad and fuel in the distorted areas is intact with- 
out indications of cracking or separating. %e deformed inner clad is 
free of cracks or tears. Some fuel cracking was observed in these cross- 
sections, but these may have been produced during sample preparation 
rather than during in-reactor operation. There are no observable in- 
adequacies in the braze-bonded closures or in the heat-affected ends of 
the elements. 

Fuel swelling of five NPR inner tubes (NIN's) irradiated to 2100 MWD/T 
averages 2.8 percent. The average volunr? mean fuel temperatare of the 
five elements was approximately 400 C. 
greater than predicted on the basis of the swelling data obtained from 
IC% elements.. No serious warp was observed in these irradiated NIX 
elements . 

The 

The fuel swelling is somewhat 

Irradiation of a full-sized NPR tube-in-Woe fuel element in the new 6x6 
M3 loop at the ETR has continued. The 10- outlet water temperature is 
271 C, and the test loop is performing satisfactorily. 
call for measuring the element during the outage now scheduled to begin 
about November 13. The accumulated exposure is 104 MWD/T. 

Current plans 

The Radiometallurgy examination of the sixth and seventh ETR in-reactor 
rupture tests has been completed. The data on the seventh test were re- 
ported last month. In the sixth test, which had been irradiated to 
400 W/T, the cladding blistered and cracked locally around the defect 
saddle, and corrosion was progressing on a plane front throllgh the uranium. 
This type of corrosion attack appears to be intermediate between that 
t-ypical of unirradiated material and that typical of material irradiated 
to the 1000 to 2000 MWD/T range. The weight of the uranium converted to 
oxide in the 26 minutes following the end of the incubation period was 
estimated to be 40 grams. 

seven tests : WFT 
J .:3 

conclusion 

I325 

has been reached on the basis of this series of 



Under coxuparable conditions, irradiated material has a shorter incubation 
period and a faster rate of corrosion following the incubation period 
than unirradiated material. 
the irradiation induced cracking which occurs both in the uranium and on 
the uranium side of the bond layer. 
corrosion rate itself is appreciably changed by irradiation. 

Both of these effects can be attributed to 

There is no evidence that the uranium 

Capsule Irradiations. Twenty-two Zircaloy-2 clad coextruded uranium rods 
have been irradiated in the Mmi in NaK-filled capsules to burnups ranging 
from 600 to 5000 W/T and maximum uranium temperatures from 250 to TOO C. 
A circumferential failure of the cladding occurred near the end cap of 
one of the rods with 0.020-inch thick cladding. A longitudinal cross 
section through the end cap showed that the cladding failure was very 
similar to the clad-shear failures observed in irradiated tubular fuel 
elements having unbonded end caps. 
inch thick cladding, the uranium-Zircaloy-2 bond failed, but no failure of 
the. cladding occurred. 

In a companion fuel rod with 0.030- 

Eighteen capsules with.three test samples in each capsule and three 
instrumented capsules with thermocouples in the uranium were charged in 
DR Reactor on October 2. 
the three process tubes failed as the result of severe overheating of the 
Wrcaloy-2 capsule. All eighteen capsules were discharged with less than 
100 m/T exposure as a consequence of this failure. 
the result of blocked coolant flow rather than a capsule deficiency, 
seven additional capsules are being readied for charging at the next 
reactor shutdam. 

On October 6, the upstream capsule in one of 

As the failure was 

Single Tube Fuel. 
been successfully coextruded to provide material for preliminary irradi- 
ation testing of the concept in the ETR. Determination of the quality 
of the bonding has not yet been accomplished, but in all other respects 
the tube appears satisfactory. The coextrusion billet consisted of an 
outside Zr-2 can, a ring of 1.6 percent enriched uranium, a ring of 
natural uranium, and an inside 22-2 sleeve, all canned in copper. The 
external dimensions of the canned billet were: 7.5 inches OD x 1.25 
inches ID x 18 inches long. It was extruded on the 333 Building press. 
The 1.6 percent uranium component was made from two XSE-3 billets upset 
from 5.5 to 7.5-inch diameter. The KSE-3 billets had previously been 
alpha extruded from 11-inch diameter beta heat treated ingots. 
natural uranium component was an NIN billet which had been alpha extruded 
from an 11-inch diameter, beta heat treated ingot. 
made at a 14:l extrusion ratio. 

A dual enrichment, Zircaloy-2 clad single tube has 

The 

The extrusion was 

Fluted Fuel. 
irradiation of six 18-inch long, fluted fuel tubes in the KE-3565 
facility. All six test elements being fabricated meet zirconium wall 
thickness, straightness, and bond quality requirements. However, three 
of the six may have to be reprocessed to a shorter length because of 
porosity in the end cap braze. The test facility is scheduled to be 
available by the first of the year. 

An irradiation request document has been prepared for the 
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Thermocouple Fuel. 
containing a solid Zr-2 rod at the center ol tae uraniumthermocouple 
fuel elements was apparently successful. 
been made. The out-of-radness of the 2-2 core vas corrected by 'me of 
extruded rod for the coextrusion billet core. The severe dog boning of 
the Zr-2 core experienced in the first attempt was alleviated considerably 
by tapering the leading end of the billet core to approximate the shape 
of the core as it flows through the die. 

A second attempt to coextrude a rod clad in Zr-2 and 

Complete evaluation 'has not yet 

ktallic Fuel Basurement. Wthods of nmrically analyzing measurements 
of radial displacements and thicknesses of tubular fuel elenrents have been 
developed. 
components describing the circumferential data. 
.sed to determine mean radii, mean thickness, ovality, radial displace- 
ment of the axes, and variations of the mean circumferential curvature. 
Ten equally spaced circumferential records are used to analyze the 
radial displacements of the axes of the inner and outer tubular surfaces. 
Fourier components of these displacements are used to establish axial 
radii of curvature. A least square fit determines tne angle and twist 
of the axial displacements. Data output is printed for each circum- 
ferential station and a summary review for all axial stations. Cards are 
punched containing the reduced data so that pre- and post-irradiation 
conditians can be compared. 

A- computer program is written which determines the Fourier 
These components are 

Heat Treatment. Sections of Zircaloy-2 clad, 183 fuel with 0.94 enriched, 
Fe-SI additive uranium cores are being heated at a series of alpha phase 
temperatures and times before subsequent beta heat treatment to determine 
the effect of Fe-Si alpha solubility and degree of precipitation on beta 
treated grain size. Microhardness measureqents and high magnii'ication 
examination are being employed to follow the effect of alpha phase 
annealing. The study thus far has sham: 

1. There is slight, if any, beta treated grain refinement as a 
result of 2 - 16-hour soaks at 950 F (510 C) to 1050 F (565 C). 

2. Growth of the U(Fe-Si) compounds occurs during these alpha 
treatments. 

3. Higher temperature 1150-1200 F (620-650 C) annealing resats 
in continued growth of precipitate and apparent precipitation 
along preferred crystallographic planes. 

4. These nigher alpha temperature anneals produce a larger Seta 
treated grain size. 

5. Alpha grain growth occurs during the anneals and micro 
hardness is decreased, presmably due to stress relief and 
growth of the precipitate. 

Twelve 23-inch long Zircaloy-2 clad NPR inner tubes have 'seen beta heat 
treated a third time in order to compare the change in war;, with that 

4 



which occurred on the first and second beta treatments. In addition, the 
warp of the elements was measured at 300 C to obtain data in the range of 
the fuel element operating temperatures. 
NPR inner tubes were beta heat treated for the second time and the warp 
was also measured at 300 C. The average warp at 300 C for the Zr-clad 
elements was 39 mils and for the bare uranium elements was 30 mils. 
temperature warp measuremnts have not yet been completed. 

Eleven 23-inch long bare uranium 

Roam 

Fuel Straightening. 
FPD production material that is "out of spec" due to excessive warp. 
Approximately seventy inner fuel elements are available in the beta heat 
treated condition. 
this material to study effects of reactor operation on fuel straightened 
by three different mthods. 

A straightening program is being carried out using 

It is proposed to make three production tests from 

PT #l Approximately 20 elements, straightened by reverse bending 
and re-beta heat treatment. 

PT j#2 Approximately 20 elements, straightened by rolling in 
high alpha (600 C ) phase. 

PT #3 Approximately 20 elements, straightened by alpha rolling 
and re-beta heat treatment. 

Closure and Joining. 
were to establish basic operating limits for "Projection Welded-Brazed 
Closures". Maximum and minimum current values have been set; however, 
optimum values for heating time, pressure, and other variables have not 
been established. 
welds and nearly complete Zircaloy to uranium bonding. 

Original weld tests on the 600 KVA resistance welder 

Two out of 13 test welds had good Zircaloy to Zircaloy 

Experimental NPR fuel elements with closures prepared by cathodically 
etching the uranium end face, assembling and electron-beam welding the 
Zircaloy end cap in the same chamber without exposure to air, followed 
by hot pressing, have given evidence of sound bonding at the uranium/ 
Zircaloy interface. However, under these fabrication conditions, the 
bond at the interfaces between the Zircaloy cap and the Zircaloy cladding 
is generally poor, thus indicating the need for a bonding medium in these 
zones. Previous experience has shown copper to have desirable properties 
for such an application. 
for plating narrow bands of copper on the ID and OD sidewalls of the cap, 
of such width that the uranium-contacting faces and the weld-bead zones 
are kept copper free. Components for making 12 such closures have been 
prepared. 

Techniques and equipment have been developed 

Production Support Welding. 
supports on NPR outer fuel elements in the 333 Building has been completed. 
It has been demonstrated that the eqaipment can be adjusted to produce a 
support circle within the 2.660 - 2.665 diameter tolerance. 
responsibility of EILO is to continue efforts to improve the process insofar 
as weld machine settings are concerned. A device which conxrts the afore- 
mentioned equipment for the attachment of NPR inner supports is being fab- 

Installation of the equipment for welding 

The remaining 

cz I Z-wricated in Tech Shops. 
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Drop Test Fuel. 
a cracked internal structure. These elements are to be used in the "drop 
test". The artificially induced cracking is intended to simulate in some 
degree the conditions existing in an element after long exposure. Cracking 
of the uranium, without injuring the jacket, is accomplished by making a 
slight swage reduction of the fuel element while it is in the beta phase. 
Both the inner and outer tubes of the element are subjected to an approxi- 
rcate 50-mil reduction in 0 at about 690 to 700 C. At this temperature, 
the jacket material, Zr-2, is quite plastic and therefore is not injured 
by the swaging. 

A request has been made for twelve NPR fuel elements having 

Ultrasonic tests have verified the cracking of the uranium. 

REACTOR PROGRAM 

Corrosion and Coolant Systems Development 

Diffusion of Water Vapor in NPR Core Graphite. 
that carbon monoxide stopped the diffusion of water vapor through NPR 
core graphite, probably by the reaction CO + a0 @ C@ + H2. 
experiments have been continued using 650 C NPR core graphite and various 
CO-C@-H20 mixtures in helium. It was found that C@ additions partially 
offset the water removal effect of CO, but none of the CO + COpH20 mix- 
tures in helium resulted in as high a water transport rate through the 
graphite as He-H20 mixtures alone. With the inlet water partial pressure 
at 0.5 mm and the graphite at 65.0 C, the maximum water transport occurred 
at about 3 to 4 percent Co;! and 03 CO. Addition of CO to the COpQO-He 
gas reduced the water transpox% rate but even with 3 percent CO, suffi- 
cient water diffused through the graphite to maintain the Zro;! film on a 
Zircaloy process tube. Thus, it appears that the adverse effect of CO 
reducing the water transport rate may be counteracted by the addition of 
1 to 3 percent'CO;! to the gas mixture. 

Last month it was reported 

Diffusion 

Effluent Activity and Corrosion Testing. Initial chemical addition tests 
have been completed in SP-7 and SP-8 (4963 KE, 5063 KE). Chemicals added 
were EDTA, phosphate ion, and citrate ion. Before each chemical was 
added, the tubes were decontaminated with Turco 4306 B. 
have been exposed throughout these tests and will remain in-reactor to 
the end of the present fuel element exposure for an evaluation of the 
effects of these decontaminations and chemical additions on the corrosion 
of alllmi, carbon steel, and Zircaloy-2. 

Corrosion samples 

Evaluation of Inhibitors. Laboratory tests indicate that the acid in- 
hibitors Rodine 12w and Rodine 92A, are not as effective as either 
phenylthiourea or West Chemical 5268-1, for inhibiting attack of O.3M 
sulfuric - 0.U oxalic acids on carbon steel, aluminum, or stainless 
steel. Both Rodine materials are effective for carbon and stainless 
steel at 45 C, but are only one-half to one-fourth as effective as 5268-1 
on carbon steel at 90 C. Rodine 12W appears to slightly inhibit corro- 
sion of aluminum at 90 C, but permits pitting 01' stainless steel at 90 C. 
Rodine 92A inhibits stainless steel corrosion in the acid mixture at 90 C, 
but apparently catalyzes galvanic pitting ox' aluminum in this mixture at 
the same temperature. - flEiiiL&Q?p k3&!##J 
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Cyclic Testing of Ute Bisulfate Compound. 
schedul ed cycles has been completed in TF-1 loop mploying alkaline per- 
manganate (is$ NaOH - 3$ WO4) followed by Oakite OEM-232-A-24 (a 
sodium bisulfate based cleaner). 
carbon steel samples and welded carbon steel-stainless steel samples 
were corroding at the average rate of 0.2 mil per cycle. 
304 stainless steel were corroding at less than 0.01 mil per cycle. 
Type 420 stainless steel was corroding at 0.12 mil per cycle, and the 

Haynes alloys were attacked in the characteristic manner by the alka- 
line perm8nganate. 

Rupture Testing Irradiated Zircaloy-Clad Fuel. 
irradiated in KER-4 at 242 C and rupture tested with programmed cooling 
rates in the IPR (as reported last month) have been weighed and photo- 
graphed by Radiometallurgy. 
cool-down rate after a five-minute hold period at 300 C lost 22 grams 
of uranium. The rupture consisted of a single blister about 5/8 inch 
in diameter with the corrosion proceeding into the uranium. 

The fifth cycle of eight 

At the end of the fourth cycle, the 

Zircaloy-2 and 

The two 1200 W/T tubes 

The tube that was subjected to a scram 

The other tube that was subjected to a slow cooldown following the five- 
minute hold period at 300 C lost 35 grams of uranium. 
rupture consisted of a single one-inch diameter blister. 
appeared to have started as a smaller blister, and then to have formed 
seven to eight additional blisters around its base. 
torn at several of the smaller blisters in addition to a larger opening 
at the initial blister. 

In this tube the 
The blister 

The cladding was 

A new rupture test was conducted in the IRP using a rod which had been 
exposed to 2250 WD/T in KER at 265 C. The object of the test was to 
determine whether reducing the temperature to 200 C would essentially 
stop the rupture even with extended exposure at 200 C. 
incubation time of 22 minutes at 300 C, the water temperature was held 
for 15 minutes at 300 C and then lowered to 200 C, the test being con- 
tinued for an additional 315 minutes. During this time at 200 C the 
activity level in the filter built up very slowly and linearly. Since 
the apparent weight loss of uranium was low, the entire test was re- 
peated. This time the rod was run at 300 C for 90 minutes and then at 
200 C for 150 minutes. 
still comparatively slow (from 200 mr/hr to 2100 mr/hr in 90 minutes). 
The rate of activity buildup at 300 C was 100 times as fast as the rate 
at 200 C. The fuel element will be transferred to Radimtallurgy for 
weighing and photographing. 

Following an 

The activity increase at 300 C was linear and 

Derusting of NPR Carbon Steel Piping. A number of candidate chemical 
treatmnts and proprietary rust removers are being tested on a laboratory- 
beaker scale for their effectiveness in removing rust from carbon steel 
piping, with a minimum of corrosion of the base mtal. The most promising 
process will be further demonstrated in an ex-reactor loop system ('I"-14). 
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Structural Maherials Development 

Post-irradiation evaluation of Zircaloy Pressure Tubes. The Zircaloy 
pracess tube discharged from KER Loop 3 has been cut into 2 to 4 feet 
lengths, and sections representatkve of nwrimum, intermediate, and minimum 
exposure to fast flux have been moved to the Radiometallurgy Laboratory. 

A two-inch long sample was cut from the maximum exposure section. The 
crushing action of the guillotine fractured the sample longitudinally. 
Btallographic samples have been cut adjacent to the fracture and 1800 
around the tube. Transverse sections have been observed on the metallo- 
graph and show a normal cold worked structure- Comparison with a 
similar section taken fromthe sane tube before irradiation shows a 
considerable increase in second phase material concentrated at the grain 
boundaries of the irradiated sample. Neither the pre- nor post-irradiation 
samples show an appreciable amount of hydride in their structures. 

Elevated temperature burst tests have been perfornmed on three sections 
of unirradiated tubing from the same lot as the KER Loop 3 tube. The 
maximum stress in the tube wall was 60,500 psi to 62,200 psi at about 
275 C. 
nearly typical of 30 percent cold work than,the 50 percent actually 
present in the tube. 

These results are slightly lower than expected, being more 

Nonmetallic Materials Development 

Effect of Flux on Graphite Contraction. 
GEH-13-8 graphite irradiation capsule. 
in the N-5 position of the ETR, is designed as a high temperature, flu- 
intensity effect test. All sample positions will be operated at the same 
temperature, approximately TOO C. Over the length of the capsule there 
will be a difference in fast neutron flux, E > 0.18 Mev, of a factor of 
six. This range of neutron flux should show differences in distortion 
rates if radiation damage is dependent on flux intensity. 
tested are CSF, TSX, and TSGBF. 
the GEH-13-5 capsule, a similar flux intensity test, will be included in 
this test. 

Fabrication has started on the 
This capsule, to be irradiated 

Graphites being 
Three samples previously irradiated in 

Preliminary results from the GEH-13-5 capsule are given in the following 
table : 

Preliminary Exposure Temp. $I Change in Length* 
nvt x (E> 0.18 Mevj OC CSF CSF AGOT-LS AGOT-LS - 

0.19 
0.65 
1.30 
1.20 

1231 331 

670 + 20 6.05 +0.03 w.03 6.04 
700 10 4.05 -0.004 M.04 6. 003 
725 7 10 -0.03 -0.10 -0.02 -0.10 

725 - 10 -0.07 -0.11 +o .02 -0.l.l 

%egative values denote length decreases. 
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These results show slight differences in distortion rate when 

Bw- 715 35 

normalized 
to an exposure of 1 x 1021 nvt. 
completed it cannot be ascertained whether this is a flu or an exposure 
effect. 

However, until additional testing is 

Irradiation-Induced Oxidation of Polyethylene. 
teristics in polymers that have recently been presented by 
Dr. A. S. Michaels, et al, of MIT, have permitted calculations to be made 
of the diffusion coefficient for ox en in gamma irradiated polyethylene. 
The value obtained was 2.8 x 10-7 c2/sec which may be co 
previously determined experimentally based value 1.7 x lO??:’/sec, 
(see HW-SA-2254). 
volved in both calculations. 

Theories of flow charac- 

with the 

The agreement is good considering the assumptions in- 

Thermal Hydraulic Studies 

Thermal Hydraulic Characteristics of the Overbore Fuel Elements for 
C Reactor. 
transfer conditions and fuel temperatures which would result from coolant 
flow loss following a failure of a hydraulic fitting at the inlet of an 
overbore process tube at C Reactor. The purpose of the experiments was 
to define the operating conditions at which the flow of coolant from the 
rear header would not be sufficient to prevent melting of the fuel elements 
following such an event. 

Laboratory experiments were conducted to investigate heat 

In the experiments, electrical resistance heating of a metal test section 
was used to simulate nuclear heating of a 32-piece charge of C-VI-N I&E 
fuel elements in a smooth bore zirconium process tube. The test assembly 
consisted of a 1.ggl-inch OD by 0.339-inch ID tube centered in a 2.147- 
inch ID process tube with ceramic “self-support” rails. With this test 
section generating heat under steady state conditions, the water supply 
line was opened suddenly to atmosphere at the inlet and the rear header 
fluid was maintained at a constant pressure. 
heat generation rate in the test section was decreased at a rate simula- 
ting a 1400 ih reactor scram. Temperatures, pressures, and flaws in the 
test section were monitored on high speed recorders. 

After three seconds the 

Data from the experiments were analyzed to indicate those reactor opera- 
ting conditions under which melting of fuel jackets could be expected 
following an inlet piping rupture. It was concluded, for example, that 
for a rear header pressure of 60 psig, melting of fuel elements jackets 
could be expected for any tube above 1400 KW but not for tubes below 
1200 KW. 
1000 KW. 
discussion of the results were prepared for presentation in HW-71075. 

Heat Transfer Conditions for Eccentric Annuli. Experiments were continued 
to determine the heat transfer conditions when fuel elements are not situ- 
ated in a coaxial position within the process tube. 
to 183 he1 elements in a BDF process tube were obtained for the case of 
75$ eccentricity. 

For 40 psig rear headers, the limitations would be 1300 KW and 
A complete descriptioo of the experiments and a more thorough 

Limited data applicable 

(Percent eccentricity is the fraction of the normal 

~. r.:- ‘ 
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annulus thickness that the fuel element is displaced from a coaxial 
position toward the wall of the process tube.) 

The test section used was a 30-inch long electrically heated rod, 1.445 
inches in diameter, placed within a 1.604-inch tube. All of the heat 
generated within the rod was transferred to water flowing through the 
annulus. Two boiling burnout points were obtained at a constant flow 
rate of 23 gpm and a pressure of 121 psig. 
to those Fn the flar annulus for I&E fuel elements in the fringe tubes 
at a BDF reactor.) 
rate was gradually increased while temperature masurements were made of 
the heated surface and cooling water at points around the annulus of the 
test section. The conditions at boiling burnout were as follows: 

(These conditions correspond 

During the approach to burnout, the heat generation 

Run Flaw Rate Bulk Water Temperature Heat Flux 
- NO (lb/hr-sq ft) (9 Below Boiling Point ) (B/hr-sq ft ) 

6 4,400,000 205 808, ooo 

7 4,400,000 184 711,000 

During the last run a hole was melted in the heated rod near the inlet 
end and the tests were terminated to repair the test section. 

Data obtained previously with a test section for IC Reactor were corre- 
lated with the following equation: 

where 
ho = burnout heat flux, Btu/hr-sq ft 

€ = eccentricity fraction 

Gaw = average mass velocity over annulus, lb/hr-sq ft. 

This eqetion was based on data obtained over a range of flow rates of 
3.01 to 5.24 x 106 lb/hr-sq ft, pressures of 53 and 107 psig, and bulk 

water temperatures of 5 to 225 F below saturation temperatures. The use 
of this eqktion for reactor application would indicate that film boiling 
conditions could be expected for any fuel elements in K Reactor that are 
situated 759 or more eccentric in the process tubes. 
peratures would be encountered on such fuel elements. 

- 

High surface tem- 

Heat !transfer Characteristics of NPR Fuel Elements. The studies to deter- 
mine boiling burnout conditions for the NPR tube-in-tube fuel elements 
were continued. 
in the laboratory with an electrically heated test section equal in cross 
section to the center hole of the fuel elements. The test section for 
these runs consisted of a 12-foot long tube, 0.44-inch ID, with flow 
through the inside. 

Six additional boiling burnout conditions were obtained 

The tube was heated by electrical resistance heating - 
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and boiling burnout conditions were detected by noting the temperature 
excursions as measured by thermocouples attached to the outside wall of 
the test section. 

In all of these runs boiling burnout was detected unexpectedly upstream 
of the outlet end. 
follows : 

These data were all obtained at 1500 psig and are as 

Mass BO Heat Enthalpy at 
Flux BO BO Point 

jlb/hr-ft ) (Btu/hr-ftZ) Location(1) (Btu/lb) 

6 8.6 666 4.8 x io6 0.816 x 10 
4.8 x io6 0.747 6 6-6 695 
5.8 x io6 0.984 x 10 8.6 666 
5.8 x 10 0.983 5 -6 694 

1.124 x lo6 6.6 704 
6.7 x io 6 1.201 x 10 6 6.6 680 
6.7 x io 

6.7 x io 0.878 x lo6 3.6 672 

Eslthalpy 
At Outlet 
(Btu/lb ) 

823 
804 
824 
796 
823 
807 
722 

(1) Feet upstream of outlet end of 12-ft long rod. 

It was concluded tentatively that the flow patterns associated with these 
particular conditions influenced the heat transfer conditions in such a 
manner to result in the upstream burnout conditions. 
results applied to the.mPR indicated that the burnout safety factor would 
not.be changed by these data. 

An analysis of the 

Shielding Studies 

A report describing neutron and gama attenuation through the NPR shield 
has been written (HW-77174, "NPR Reactor Shield Calculations"). 
culations show that the side and top primary shield design is adequate 
to reduce the radiation level below design tolerances. 
leakage through the front shield was estimated to be higher than design 
tolerances. Two alternate biological shield materials were studied for 
use on the front face. 

I-S-245-P and 1-s-265-~, respectively). 
the radiation below design tolerances. 
front face biological shield be changed from I-S-220-P to I-S-245-P. 
With this change the NPR shield is adequate according to these calculations. 
The calculations do not include leakage through penetrations in the shield. 
As a result of these calculations, the front face biological shield 
material was changed to 1-S-245~P. 

The cal- 

The radiation 

These two materials were ir . -serpentine concrete 
mixtures with densities of 245 lb/ft3 and 265 lb/ft 3" (designated as 

Both of these concretes reduced 
It was recommended that the present 

Continued effort is being made to compare experimental data with calcu- 
lations using the new shielding computer code. 
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B. 

C. 

WEAPCNS - 3000 PROGRAM 

Research and development in the field of plutonium metallurgy continued in 

support of the Hanford 234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiatian Laboratory 
(Project Whitney). 
distribution lists appropriate to weapons development work. 

Details of these activities are reported separately via 

REAcroR DEvEtopMEmT - 4000 PROGRAM 
1. p.LlJTmIuMREcY(=LEPRoGRAM ' 

PRTR Project Mmag ement and Design 

PF!lB. 
Instrument calibration has been completed. Correction of faulty damper 
operatian and completion of the air balance remain to be done, along with 

electrical repairs to the manipulator and profilometer 5X viewer controls. 

The fuel element examination facility is not yet ready for service. - 

The paving and landscaping contract was closed out. Shrub replacements 
were made in accordance with the inspection held September 21, 1961. 
All construction drawings for this contract were brought up to "as-built" 

condition. 

Plutonium Idecycle Critical Facility (Project CAE-842 1. 
project, excluding additional work covered in project proposal revision 3, 

The over-all 

is estimated to be 90$ complete. 
additional funds and time to complete modifications requested by the 
General Electric Hazards Council is under review by the HOO. 

The revised project praposal requesting 

Plping installation has been completed, and the systems axe undergoing 
pressure tests. Electrical installation cantinued. Wire us to the 
cell are about 80$.coqleted. 
wires is complete. 
have developed in making connections to the relay cabinet because of the 
limited space provided. 
completed e 

Connections on the cell ends of these 
Cannectians at the console are under way. Problems 

Installation of the source positioner has been 

F'uel Rupture Test Facility (Project CAH-867). 
Facility is estimated to be 405 completed versus 43$ scheduled predicted 
to October 31, 1961. 
to be 46% completed versus SO$ scheduled. 

The Fuel Element Test 

The CPFF equipment installation work is estimated 

Mjor CFFT items completed during the month include mounting the instru- 
rnent panel in the control room, Fnstallation of primary process pumps in 
the annex and heat exchangers in B Cell, and completion of the makeup 
system. 
experimental cell gas activity, and late delivery of certified materials. 

Installation work continues to be delayed by welder shortage, 

The two electrical inrmersian heaters have not been shipped as yet. 
latest liaison information indicates shipment of the first unit the week 
of October 30; and the se,cond unit the following week. 

The 
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All other GE procured material except for the motor control center and 
switchgear has been received. 
Hovember 8. Late delivery of certified stainless steel fittings, pro- 
cured by J. A. Jones Construction Company, is still hindering piping 
progress to some extent. 

Bterial certifications on the high pressure control valves have been 
received. 
which were of unacceptable material. 
sample line to permit future installatior; of BPR rupture detection 
Fnst-ntation. 

Shipment of these items is scheduled for 

Qne control valve required rework to replace welded reducers 
Design was initiated on a second 

Construction on Contract ~(45-1)-1655, Water Treatment Plant and Hold- 
up Tank, is estimated to be 84 complete versus 154 on the official 
schedule or 8$ on the contractor's schedule as of October 31, 1961. 
The contractor poured the clearwell walls and pump room floor. "he 
pQe for the 10" filtered water line and the 4" lines to the hold-up 
tank was delivered to the job site and installatinn of the 10" filtered 
water line was started. 

The shop drawings for the hold-up tank were reviewed and approved. 
Excavatian for the hold-up tank was complete, lean concrete backfill 
poured, and resteel for the hold-up tank was placed. 
subcontractor for the water plant is Mhneapolis-Honeywell. 

In accordance with a letter from the AEC, design change 1655-2 was pre- 
pared to excavate the sand material from under the sedimentation basins 
and filter and replace with compacted gravel. The contractor completed 
excavation of the sand material and is placing compacted gravel backfill. 

The instrumentation 

Design change 1655-1 was issued to change the hold-up tank exterior 
coating from coal tar enamel to tarset, resulting in a net savings to 
the project of $525.00. 

Camponent Testing and Equipmnt Developmnt 

Primary Loop Mockup. 
tions necessary for testing the Rupture Loop process tube assembly. 

The loop has been shut down to permit modifica- 

PIER Secand Generation Shim Control. 
control assemblies have been evaluated, and a scope drawing of one of 

Several types of liquid shim 

the types has been prepared. 
been evaluated. Various types of instrumentation and control equipment 
are being evaluated prior to preparation of a scope drawing of the 
cantrol system. 

Suitable materials for the poison have 

Critical Facility Components. The source positioner was delivered to 
the reactor for installation by the contractor. The adjustable slip 
clutch and gear reducer for the weir drive assembly has been received 
and is being installed. The additional swivel joints ordered for the 
thimble have not been received. 
will proceed as soon as the new swivel Joints are available. 

TestiIlg and installation of the thimble 
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The drive mechanism for the first control rod was assembled and tested. 
Inftial operation was satisfactory, and the unit is now being re- 
assembled with a carbon steel baU bearing lead screw. 
steel lead screws ordered to replace the 17-4 PH stainless lead screws 
were received last week. 
is under way at the vendor's plant, and it is anticipated that a partial 
shipment of plated tubing will be made the first week of November. 

The carbon 

The cadmium plating of the control rod tubing 

Drop tests were performed with prototype safety rod components, and it 
was detel-mined that air cushioning of the rod drop requires machining 
a close fitting cylinder with diametrical clearances no greater than 
0.010-inch over the last 12" of rod drop. 
the 15-foot long safety rod housing is being performed successfully by 
the J. A. Jones =chine shop. The carbon steel ball bearing lead 
screws required to replace the 17-4 PH stainless lead screws have been 
received and are being prepared for assembly in the safety rod drive 
mechanism. Supplying power to the 12 volt DC magnet has been one of 
the major problems of the safety rod drLve mechanism. 
developed which will work over the required 73-foot of rod travel; 
however, it has been decided that use of a spiral retractable cable 
produced by the Spectra-Strip Wire and Cable Corporation might prove 
more reliable. Safety rod design modifications are now being made so 
this retractable cable may be installed. 

Machining of the guide slot in 

A reel has been 

PRTR Operations 

Reactor Operation. Continued improvements were achieved in most phases 
of PR!CR operation during October. The reactor operated 19.2 days for a 
TOE of 61.9 percent. lncluded was a 10-day continuous run, concluded 
on October 31, which satisfies the AEC criterion for operability. MWD 
production during the month was at a record high of 1225 MWD's, result- 
ing in an over-all operating efficiency of 56.5%. 

Heavy water losses averaged approximately 50 pounds per day during the 
extended run period at the end of the month. 
month were about 210,000 scf; the loss rate during the extended run was 
unusually hfgh, approximately 9000 scf per day. It is intended to 
locate and repair the source of high leakage on the next shutdown. 

Helium losses for the 

During October there were three scrams and one extended shutdown. 
October 5, the reactor scranrmed from a flow monitor trip on tube #2051. 
Nothing wrong could be found and a scram recovery was successful. 
reactor was shut down on October 7 to perform Power Tests 16 and 17, 
the measurement of the shutdown xenon transient, and to correct m0 leaks 
amounting to approximately 100 pounds per day. This outage was pro- 
longed approximately one week by NO and helium leak repairs, helium 
compressor failures, and primary coolant high oxygen content problems. 
One scram occurred during early attempts to start ap the reactor; the 
trip was the result of low pressurizer level during a required cooldown 
of the primary system. Operation was resumed at 9:35 AM on October 19, 
1961. 

The 

The reactor scrmed from shutdown valve electrical problems at 
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8:io AM on October 21, but a scram recovery was successful and operation 
was resumed at g:C@ AMthat day. 

Reactor Equipment Engineering 

Primary Pumps. Repair of the high pressure mechanical seal of primary 
pump #l, which failed on September l3,, has been deferred beyond the 
month of October in order that this work may be integrated with revisions 
to electrical leads to the pump motors. . Pumps #2 and #3 have operated 
satisfactorily during the month. 
pump #3 in the latter part of the month appeared to signal. an impending 
failure of the seal thermocouple. 
indicate failure of the seal itself. 

The seal injecticn control valve has beea placed on automatic control, 
and new trim has been installed to ifnprove control action of the valve. 

Erratic seal temperature indication on 

There is no corroborating evidence to 

Primary System. 
for process tube nozzle caps and to eliminate possible impingement of 
the gasket between the plug and the nozzle gasket seat. 
eight cap assemblies are now being modified for trial use. 
procedure for nozzle cap installation was prepared and distributed. 

Design change 105, providing for modification of packing glands of high 
pressure control valves in the primary system, was initiated. Valve 
pack- will be redistributed, lantern ring repositioned, and packing 
leakage bleedoff part modified to provide more satisfactory bleedoff 
and collection of packing leakage. 
too little packing between the valve body and the bleedoff port, and 
results in excessive leahge. 

Design change 104 was initiated to provide wider gaskets 

Approximately 
A detailed 

The original valve design provides 

Secondary Coolant System. 
vide continuous sampling of steam from the main 26-inch header. 

A steam sampling station was designed to pro- 
This 

station will be installed under design change 102. 

The one-inch boiler feedwater bypass valve failed due to a broken bonnet. 
Replacement parts were put on emergency order but have not yet been re- 
ceived. The gain six-inch boiler feedwater control valve has experienced 
severe vibration when operating at very low feed rates near its shutoff 
point, without the bypass valve in the system. 

The bottom blowdm piping from the steam boiler, which has experienced 
severe vibration in the past, was braced securely to the boiler support. 

A number of extension tools have been made to permit remote removal of 
corrosion coupons from the steam boiler. 

Helium Compressors. 
leak between the second stage head and the cylinder of high pressure 
compressor #1 was not successful. At the present time provision has 
been made for returning the oil leakage to the compressor reservoir. 

The first and second attempts at repairing an oil 
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The diaphragm an the south head of low pressure helium compressor #1 
was replaced twice during the month after short running times. Both 
penetrations were the result of foreign material in the head puncturing 
the diaphragms. 
compressor #2 was replaced after 600 hours of operation and still 
appeared to be in good condition. It is apparent that single diaphragms 
are satisfactory if foreign material is kept from entering the heads. 
Since there is a filter in the common suction line for both compressors, 
the foreim material must come from the SiZOrt section of piping between 
the filter and the in-take suction mlves on die compressor heads or 
be introduced during the actual installation of new diaphragms or check 
valves. Consideration is being given to installing fine screens just 
upstream of the in-take check valves. 

The single diaphragm in the north head of L.P. 

The check valve adapter in the second stage head of high pressure helium 
compressor #2, which had been seal welded in place to stop a helium leak 
after the adspter galled and froze in the head, was machined out of the 
head, the threads in the head closed and new adapters, new check valves, 
and new diaphragm were installed during the week of October 9, 1961. 
During the week of October 16, 1961, these new diaphragms were reported 
leaking oil into the second stage gas stream. 
replaced with new diaphragms. 
lation, it was discovered that a gas leak existed between the gas head 
and the diaphragms. 
foreign material imbedded in the head surfaces which seal on the outer 
edges of the diaphragms. 
was the air line used to seal the diaphragms against the oil side head 
with air pressare during installation of the diaphragms. 
ing surfaces were cleaned of foreign material, new diaphragms installed 
and, on the second attempt, a gas seal was effected by using a tnin 
coating of Permatex No. 1 sealant compoucd on the sealing surfaces. New 
replacement heads for both first and seccnd stages of the high pressure 
heliLun compressorS are on order. 

These diaphragms were 
During leak testing following the instal- 

Removal of the head disclosed the presence 02 

The apparent source of the foreign material 

The head seal- 

Helium System. Design is nearly complete and the bulk 02 the material. 
nas been received for the W-7 condensate automatic drain system. In- 
stallation of the automatic drain should materially ease tfie operations 
manpower consumed in condensate handling. 

Design is nearly complete and portions of the material have been received 
for the installation of an automatic system ior adding hydrogen to the 
helium pressurization system. 

A number of replacement valves of impro-.ed design have been ordered to 
replace existing isolation valves and condensate drain valves. Taese 
replacements should reduce the helium losses from the reactor signifi- 
cantly. In addition, two diaphragm-operated valves are 3ei?g ordered 
for installation as block valves in series vita the existing purge valves 
from the helium system to the stack, to eliminate the possioility 01' 

he1i.m loss through leakage of the purge valves. 
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Process Cell Noise Level. 
sampling system discharges into a ventilation exhaust duct in the 
process cell. Exhaust noise from this blower is at a high enough 
level that comunications within the cell are impaired significantly. 
A muffler is being ordered for installation in the blower exhaust line 
to reduce the noise level. 

A rotary air blower in the building air 

Process Tube Storage. 
using the dry storage pit for storage of spare process tube and nozzle 
assemblies, and also of process tube inspection equipment. Only minor 
modifications to the pit will be required to accommodate the process 
tube assemblies, and design of these modifications is under way. Some 
components of the tube inspection equipment, however, are subject to 
radiation damage. 
storage pit is being undertaken to determine feasibility of storage 
of this equipment. 

A study is being made of the feasibility of 

An investigation of expected dose rates in the 

Neutron Flux Monitoring Instrumentation. 
week of September, five neutron flux monitoring chambers which had 
failed were replaced. These included one uncompensated chamber for 
the galvanometer circuit and me for high level channel#3; one com- 
pensated chamber for log N channel #1, and the two fission chambers 
for the startup channels. The chamber for the log N channel was re- 
placed because of a leaking housing; failure of the other four chambers 
may have occurred either within the chambers themselves or in the con- 
necting cables. 
failure. 

During a shutdown the last 

Investigation is under way to determine the cause of 

Subsequent to replacement of the chambers, a D20 leak developed in the 
packing glands surrounding the electrical lead tubes of the dual fission 
chamber assembly. A new packing assembly of modified design was in- 
stalled in place of the original glands and successfully stopped the 
leak. 

The flux instrunentation high voltage monitor has been modified to 
include monitoring of the high voltage supply to the log N #3 chamber. 

Reliability of the flux monitoring instrumentation has been greatly 
improved during recent reactcr operating periods and is now adequate for 
extended operating cycles. 

Safety Circuit and DC Power System. 
incorporate an additional set or' relay contacts which open the DC 
circuit on the negative side of the dump valve solenoids as well as 
the positive side. When the safety circuit is tripped, the dump valves 
are now completely isolated from DC power and cannot be held closed by 
any ground or combination of grounds ir: the DC system. 
eliminated a previous condition whereby one or more dmp valves could 
be held closed by certain combinations of grounds in the system, even 
though the safety circuit had tripped. 

The safety circuit was revised to 

This change 
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A design change was initiated for moving the DC system ground detector 
to tke control roam and adding alarm features. The change also incor- 
porated a DC system low voltage alarm and a ground detector in the flow 
monitor trip relay parer circuit. 
potential hazard to critical circuits and also lessens the need for fre- 
quent checking of the battery chargers by maintenance personnel, freeing 
them for other work. 
elte the danger that a pair of grounds could disable some or all of 
the flow monitors preventing them from tripping. 

The low voltage alarm lessens the 

The flow monitor ground detector is required to 

Fuel Element Rupture Detection. 
in process tube #1954 by. the stagnant water sampling technique. 
technique, developed by GE-APED, San Jose, involves isolating suspect . 

elemnts in stagnant water and taking one or more sqles after a wait- 
ing period to permit buildup of fission product concentrations.) 

A defective U@ fuel element was located 
(This 

A sample from tube #1954 and three other samples were subsequently 
routed to a four-point gas sampling system in the rupture monitor to 
evaluate its performance in locating the defect by the gas sampling 
technique. 
gamma above 0.75 Wv. Initially during startup the system showed 
several bursts of gaseous activity from tube #1954 followed by consider- 
ably smaller increases in the other three samples. Signal to background 
ratios as high as three were observed during these bursts. 
bursts, the activity level of #1954 was not significantly different than 
background. 
correlated with peak activities in helium storage. However, this situa- 
tion changed when the system was again put in operation after a three- 
day period of operation at full power. 
indicated steadily off-scale on the least sensitive range. On the same 

range, the other three channels indicated between 50 and 70 percent o? 
scale. To make certain that the observed effect was not caused by dif- 
ferences in the instrumentation channels, all four were checked and set 
up with a 200 channel analyzer. 
between sample chambers to further verify that the sample from tube #1954 
was higher in activity. These tests showed that the gamma activity 
(above 0.75 Wv) in tube #1954 gas was consistently at least twice that 
in the other three gas samples. This condition persisted undhanged for 
22 hours after the system was put in operation when a failux in the 
recorder monitoring tube #1954 caused it to indicate downscale. Subse- 
qrrent checks showed that the activity in #1954 remained consistently 
higher than that in the three other tubes with the tes; still in progress 
as this report was being written. 

Instrumentation was set up on these four channels counting 

Between 

It was also noticed that peak activities in channel 1954 

At this time, tube #1gj4 gas 

Also, the detectors were permutated 

The rupture monitor tests to date show that the gas monitoring system 
is capable of locating the defect in process tube #1954, both doing 
steady state operation and during bursts. The magnit-dde of the defect 
is not yet known, so little can be said aboat the ultimate sensicivity 
of the gas monitor. However, othzr data(1) indicate that the ooserved 
activity is equivalent to about 1jO ;rams 01' wanium wnich could be 
accounted for as a defect in a sale rod. 

(1) IN-70980, Perkins G Thomas, "Radioisotope Conczntrations in the PmR 
Primary Coolant and Eelium System During Operation with a Failed Fuel 
Element (s ) , " 9/7/61. 
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The four-channel sampling system used in the above tests included an 
improved gas separatian technique designed to eliminate fouling of the 
gas sampling system with water. The system has operated for periods 
as long as five days without requiring adjustment of flows during 
operation. 
fouling during and following shutdowns. 

Gas Moisture Detection System. 
core blanket gas through the gas moisture detection system, a design 
change has been initiated to modify routing of the line returning the 
sample gas to the reactor. 
available for flow through the dewpoint apparatus and should eliminate 
the need for a sample blower which is currently out of service because 
of oxygen in-leakage problems. 

Minor modifications are being made to eliminate condensate 

In order to improve the flow of reactor 

The change should maximize the pressure drop 

Procurement. 
the process tube assembly. 
tory quality were received, resolving a long-standing problem. 
is being placed on the procurement of outlet nozzles and inlet gas 
bellows assemblies to build spares inventories beyond the present minimum 
quantities. 

Extensive effort has gone into procurement of parts for 
During the month coded cap screws of satisfac- 

Emphasis 

Spare instmmnt assemblies ordered on AEt funds have been received, 
except for a Keithly micro-microanmeter which is in the final stages 
of construction. 
data processing system. 

Equipment received provides spare equipmat for the 

Preventive Mintenance. 
to cover all process pumps (except the primary pumps), the helium com- 

Preventive maintenance procedures are now set up 

pressors, and the air compressors. 
up a number of needed repairs; additional operating experience is needed 
to provide maximum effectiveness of the PM program. 

PM inspections to date have turned 

Equipment Records. 
to preparing an alphabetical listing of plant equipment. 
will supplement the existing Material and Equipment List, which is 
arranged by equipment piece (EP) number and should facilitate the loca- 
tion of equipment. 

A card index has been started as a preliminary step 
This listing 

Training Program. 
continued during the month. 

Training classes conducted for Operations personnel 
Classes on the primary system and the first 

series of classes on the helium system have each been presented to all 
four shifts. The second session of helium system training was pre- 
sented to two shifts. 

Reactor Process Engineering 

Planning and Procedures. 
continued during the month. 
HW-67100 on October 1. 
tinued as part of a program to update all procedures. 

Issuance of combined PRTR Operating Standards 
The standards were officially issued as 

Revision of the PRTR Operating Procedures con- 
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Preparation of the reactor and associated facilities schedules for the 
remainder of the fiscal year was completed and the proposed schedule 
was circulating for connnent at manth-end. 

Power Tests #16 (Xenon Poisoning) and #17 (Long Term Reactivity) were 
colnpleted during the month. The data obtained will be used to revise 
the PRTR Xenon Tables to permit better prediction of xenon override 
tine and minimum outage time. 
#U (Photoneutron Flux) was obtained and is currently being analyzed. 
The remainder of the data will be obtained during the performance of 
Parer Test #1b (Power Decay). 

The majority of the data for Power Test 

PIiTR Test #8 (Use of &nosodium Phosphate in the Steam Generator) was 
conpleted and was not successful in lowering the pH in the steam gen- 
erator. Extensive discussions were held with representatives of IPD 
and the Betz Laboratories on the problems of the secondary coolant system 
water quality and firm recommendations were being prepared at the end of 
the month. 

The piece of "coffee can" recovered fromthe inlet jumper of Process 
Tube a1744 weighed apprclxFmately seven grams. 
weight is now 163-gr- out of an estimated 192 gram total can weight. 

The total recovered 

The primary system coolant pH fell to approximately 6.0 on October 17. 
Addition of 40 grams of LIOD brought the pH back to its normal value in 
the range of 9.5 to 10.5. Special analyses of the coolant showed that 
the pH Gap w& caused by the lack of a-lithium residual 
Additional analyses are being performed in an attempt to 
caused the loss of the lithium residual. 

A set of unit motion readings for the top primary shield 
the calandria were taken on 9/25/61. No moyement of the 
shield or the calandria top plate has occurred since the 

in the coolant. 
determine what 

and the top of 
top primrj. 
previous set 

of readings. The unit motion data to date shows that the top primary 
shield has moved to the northeast following the initial target instal- 
lation, but that the calandria top plate has not moved. At this time 
no explanation is offered as to why the calandria top plate did not 
follow the top primary shield. If no further movements are noted, it, 

will be assumed that the initial target readings were in error. 

Efforts to reduce heavy water losses from the PRTR have conticued. 
Specifically, these efforts were directed toward improving leak de- 
tection Ethods, isolating areas of localized leaks and eliminating 
the leaks. The following work was performed: 

1. Improved stack sampling equipment, leading to continuous monitoring 
of stack D20 content and to more accTuate determinations of loss 
rate, was installed. 

2. A sampling point on the main exhaust duct was provided to confirm 
the &O loss rate determination from the stack gas analysis. 

UNCZASSIFIZD 
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3. A system to obtain moisture samples from selected locations 
throughout the process cell was installed. 

4. Several high leak potential areas in the process cell were 
shrouded with plastic sheeting for detecting losses which may 
emanate from selected pieces of equipment. Condensate samples 
will be taken from inside and outside the shrouds. 

5. Water effluent from the steam generator (Bx-I) is monitored 
continuously to detect D20 losses, if any, from the primary to 
the secondary system. 

6. The &O recovery system was pressure tested and detectable leaks 
were sealed to reduce losses originating fromthe reactor faces. 
"he upper and luwer access space pressures were balanced to 
minimize pressure differentials between the access spaces and 
the surrounding air. 

Analysis of data and observations made during the past month indicates 
the foUawing: 

1. 

2. 

3- 

4. 

5. 

Calculated stack WO losses during the operating period of 
October 1 to 7 shows a &O loss of 80 to 110 pounds per day. 
However, it is believed that ambient air leakage into the 
sampling system may have occurred resulting in a calculated 
loss of perhaps 40 to 50 percent less than that which actually 
occurred. 
operation period (from October 19 to 24) indicate a D20 loss 
rate of about 40 to 60 pounds per day. 
exhaust duct D20 content verify this rate of loss. 

Calculated BO losses from the stack for the current 

Beliminary data on main 

Tritium analysis of the stack condensate sample indicates that the 
&O loss to the stack is predominantly from the primsry system. 
!The moderator-reflector contribution to m0 losses appears to remain 
constant atabout 10 pounds per day during both operation and shut- 
down. 

The ventilation system appears to remain the primary path for WO 
losses from the PR!lX. 

There is no apparent single large source of D20 leakage during 
either reactor shutdown or operating periods. 
show no specific location in the process cell which has a signifi- 
cantly higher D20 content. 

Tygon tube samples 

Shutdam losses based on stack samples are from 20 to 40 pounds per 
day. Losses during shutdown may result from helium leakage, 
purging from open systems (NO recovery system, for instance) and 
from system maintenance. Some of the foregoing losses will be in- 
curred during operation, while others will not. 
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6. During the nm of October 1-7, the D20 recovery system yielded an 
average condensate collection rate of about 70 to 75 pounds per day. 
The isotopic purity of the collected condensate was 824. Based on 
the above and on other assumed information, D20 losses from air 
leaks in the recovery system were calculated to be 20 to 25 pounds 
per day. However, the calculations are sensitive to small changes 
in sane of the values which were asswd. Hence, the actual loss 
could izave been as high as 50 pounds per day. The present informa- 
tion is of value only in indicating the significance of the &O re- 
covery system as a major contributor to the total D20 losses further. 

PRTR Second Generation Shim Rods. 
formance 02 a hydraulic rod as a "second generation" shim rod for the 
PIER has been completed. The suggested design employs two variable 
liquid column segments of cadmium sulfate solution which are Xack to 
thennal neutrons. 

worth of 9.8 & and a minimum life of 1.0 month during continuous 
e.qosure (without so1ui;ion regeneration). 

An evaluation of the in-reactor per- 

A rod diameter of 1.2 inches has a maxim reactivity 

Plutonium Recycle Critical Facility Physics Calculations. 
analysis of the Plutonium Recycle Critical Facility in support of addi- 

Further physics 

tional hazards evaluations are being performed. Final debugging oI' the 
modified SWAP Code was completed, and initial results have been obtained. 
Evaluation of these results is proceeding. 

Thermal Hydraulics Studies 

Steam Voids in the Plutonium Recycle Critical Facility Following the 
Accidental Insertion of a Fuel Element. 
hazard in the operation of the PRCF is the accidental dropping of a fuel 
element into the core when it is critical or just subcritical, followed 
by a failure of the safety system to function and shut down the reactor. 
Preliminary calculations of the consequences of such an incident made 
previously showed that the fuel elements would melt and would release 
fission products to the environs at ground level. 
to refine these calculations. 

A possible but highly improbable 

A study was started 

The preliminary calculations assmd no heat transfer from the fuel elements 
to the moderator. The only shutdown mechanism which would termina-ce the - 

power excursion following the fall-in of the fuel element was the Doppler 
effect associated with the increase in uranium temperature. W'ile t:ie 
heat transferred would be a small fraction of that generated and Liere- 
fore would not significantly reduce fuel elemnt temperatures for a given 
excursion, it would be sufficient to cause local boiling of the moderator 
on the fuel eleEnt surface. The steam voids of this local boiling 
should contribute to the reactor shutdown and thus tend to limit the 
severity of the excursion. The Borax and Spert reactor experiments give 
evidence of this. 

I231 3 I: 5 
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A review of the reports of the Sped and 
an equation which approxirmtes the steam 

m-73.535 

yielded Borax experiments has ' 

void volume. Plans were made . -~ 

to $e this equation with appropriate nuclear relations in analog studies 
to determine the maximum fuel element temperatures which might be ex- 
pected in this case. 

Plutonium Fuels Developmnt 

PKIlR Aluminum-Plutonium Fuel Elements. 
fuel elements were transferred to the PETR this month. 
elements were completely fabricated in one week. These two elements 
are attempts to eliminate the wire loosening problem existing on the 
aluminum-plutonium spike elements in the PFtTR. All the data taken up 
to this date indicate the fuel element rods are shortening. The rate 
is not known. The cause would seem to be a bonding mechanism between 
the core and the cladding. Two approaches have been taken to correct 

Seven Wk I-H lg-rod cluster 
Two of the 

this : 

1. 

2. 

One element uses graphite dag on the cores to eliminate 

One element has an increased cold minimum gap between core 
and cladding. 
core stay in contact with the cladding a. shorter length of 
tm. 

Fabrication of high exposure plutonium-aluminum spike fuel elements for 
the PFtI!R was begun. 
to obtain a uniform isotopic concentration. 
six batches from which Al-Pu master alloys were made by the cryolite 
reduction process. 
that a uniform blend was obtained, and incomplete chemical results 
indicate that a satisfactory recovery of plutonium was achieved. 
addition, another master alloy of a separate batch of high exposure 
plutonium oxide was made by the cryolite reduction process; this alloy 
will be used for making spike fuel elements for PCTR tests. 

Phoenix Experiment. The first irradiation cycle for the 6.25 w/o 
Pu-240 Phoenix capsule (GEH-21-1) has been successfully completed 
in the MTR and after a ten-day cooling period, reactivity measurements 
were mde in the m. The irradiation was performed without incident 
at a parer generation of about 40 kw/ft and a surface heat flux of 
about 1,000,000 Btu/hr-ft2. 
was made which appeared unchanged. 
measured in the ARMF. 

The Phoenix capsule containing plutonium with 27.17 w/o Pu-240 
(GEH-21-9) has also successfully completed its first cycle of irradia- 
tion and Will be measured in the m after an appropriate cooling 
period. 

banding or gripping. 

During thermal cycling this should let the 

Nine kilograms of high exposure Puo;! were blended 
The Pu@ was divided into 

Isotopic analysis on four of the six batches shared 

In 

An underwater examination of the capsule 
A decrease in reactivity was 
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Irradiation of the 16.33 w/o Pu-240 capsule (Gm-21-3) is proceeding at 
the present time. 
soon after irradiation as possible sa the reactivity effect cf the short- 
lived fission products C~T; be determined. 
measurements can be started a3out five hours after the reactor has been 
scrammed. 

ARMF measurements on this capsde Will c-nce as 

It is estimated that ARME' 

The aluminum capsule holders have been altered to make uoderwater dis- 
assembly easier and mre clearance has been provided in the flux monitor 
holes. An underwater handling box has been designed and is being fab- 
ricated that will permit easy cutting and segregation of the Al-Co flux 
monitors. Also, design changes have been =de in the ARMF calibration 
standard which will permit determining flux spectrum charges in the ARMF 
due to the presence of the sample. 

Irradiation Testing. 
examined in Radiometallurgy. An examination of the eiement ijzdicated 
that none of the wires had loosened and it was generally unaffected as 
a result of the irradiation. The ruptured rod of tiie sever,-rod cluster 
was sectioned through the 0.035-inch diameter hole in the Zircaloy-4 
cladding. 
as a result of the 48-hour post-rupture operating period. 
corrosion product was observed in the defect area. Some corrosion 
product was observed in areas removed from the point of rupt-ue, Ex- 
reactor defect tests conducted in static and dynamic systems nas mown 
that the corrosian products teLd to plug the holes and prevent further 
corrosion. There was no indication of'borrdir4 or stickmg between the 
core and its cladding. Also, a metallograpnic examination of tiie clad- 
ding indicated that 120 bydrid-ing Lad occurred e=en in the immediate 
vicinity of the rupture. 

The Al-Pu intentional m-pture elemeLt is being 

A small amount of corrosion of the Al-Ni-Pu core has occurred 
Huwever, 110 

The end caps were removed fromtfie cer,ter rod of' the cluster which 
contained a core with an average diametral core-tz-clad gap of about, 
0.007 inch. The core was completely yabonded and slipped easily from 
its claddirig. Core measuenents indicaze that its diameter has in- 
creased uniformly about 0.001 inch and its leqtii has decreased about 
0.077 inch. 

The two irradiated Zircaloy-clad cspsuies {GEX-l&-2T, 23 ) ccntaining 
Al - 2.1 w/o Pu - 2.0 W/O Ni alloy f.del cores fabricated -3;: iniection 
casting wzre exanined. 
for additional irradiation. Tfie goal for ?his specimen is a minimum 
of 50 percent burnup of the plutonium at IIIS, ?E t,ijc specimens 'nave 
received to date an exposure OK' 32 x l.d fissizns/cu cm cr a bmup 
of the plutonium atoms of 22 percent, The capsdes operated witii a 
specific power of 25 irw/ft and had an associated heat r'lux of 
588,000 Btu/hr-sq ft . Dimensional changes 011 9/l&irLch diameter 
by 3-1/2-inch long pieces were less than O.&l percent on diameter and 
0.55 percent on length. Metallographic exminatim revealed that a 
metallurgical bond had been retaicea over half c:' :he circ-mference 
of a transverse section. No hjdride indicstLms vce ouser7:ed in tne 

Capsule GEH-14-27 xas sen-i back ta the MI3 

UNcLASsIFm 
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Wrcaloy-2 cladding. 
anticipated, a slight amount of segregation and the presence of two 
phases could be noted clearly. 
an increase from 175 to 203 (16 percent) from (ID to ID. 
core OD to center the hardness(KHN) decreased from 78 to 65 (16 percent). 
All hardness measurements were made on a transverse section and employed 
a Knoop Indenter with a 100-gram load* 
had been hit by an off-center but heavy direct blow at some tine prior 
to the radion&allurgical examination. 
the stamped identification number on the end cap was completely missing. 
The depressed area (about 50 percent of the cap) was estimated to be 
l/32-inch deep. 
noted on the specimen. 

Photomicrographs of tne fuel core showsd, as 

The cladding hardness (KHN) showed 
From the fuel 

The end cap area on GEa-14-28 

The blow was severe enough that 

No evidence of weld or cladding failure was visually 

Examination of the irradiated UCQ-Puo;! element has also commenced and 
indicates that virtually no changes have occurred as a result of the 
irradiation. The fuel material in this 42-inch long element consists 
of U~-Pu~ sintered and ground pellets. Full-length autoradiographs 
of the rods are being made on glass. The darkened glass will be scanned 
with a densitometer to determine the expos;rre iariation along the length 
of each rod. The fuel rods are also being sampled for fission gases. 

Fabrication of the heterogeneously enriched swaged UQ-PuCQ seven-rod 
cluster is progressing. The fuel rods have been inspected and auto- 
claved and will now be assembled into the cluster. The fuel basket 
hardware has been completed, and the irradiation proposal writeup is 
being reviewed by project engineering. It is scheduled for insertion 
in the ETR on November 13. 

Four high density, UOpPuo;! capsules and one low density capsule were 
discharged from the this month. There are now eleven discharged 
oxide capsules at the MX'R awaiting shipment to BAPO. 
for all capsules was an the order of 10,000 MIID per ton of fuel material. 
Flux-monitoring wire measurements have not been received yet to verify 
attainmnt of the goal exposure. 

Goal exposure 

The four specimens, each containing high density (94 percent of the- 
oretical value), UCQ - 0.154 a/o Pu@ and Uo;! (1.00 a/o U-23.5) pellets, 
for the tests in the MCR Hydraulic Rabbit Facility (VH-4) required 
slight modifications at the MTR and are being processed for irradiation 
during MlTR Cycle 164. The modifications consisted of increasing the 
end radius on the aluminum outer jackets and providing a more positive 
attachment of the required cobalt flux-monitoring wire sections. 

Wide Fuel Development 

Two seven-rod clusters have been fabricated for irradiation testing in 
the E2R. The core material was depleted fused U@ containing 0.51 w/o 
high exposure Puo;!. 
loading process. 
took 6-8 minutes per tube. 

The fuel rods were loaded by the incremental 
The actual loading and vibrating of thc: fuel material 

Total loading time including bagging 

I23 1348 UNCLASSIFIED 



UmcLASsIFlED A- 28 m- 715 35 

procedures averaged 17 minutes per rod. The total deviation in the Puo;! 
content between fuel rods was less than f 1.255. 
showing the total Pu@ content in the individual rods fabricated for the 
second cluster. 

Following is a table 

Rod - 

12 
13 
14 
15 
16 

17 
18 
1-9 
20 
U 

24 

25 

w 
962.8 
961.1 
978 
962.9 
966.8 

970 4 

976.7 
964.9 
963 0 
967 1 

966.3 
974 08 

Fine 
(uo2 & pU*) 

123.3 
1u.g 
122.3 

122.7 
122.3 

121.1 
124.2 
lU.7 
122.5 
123.2 

122.7 
123.6 

Total 

1086.1 
1083.0 
1100.3 
1085.2 
1089.5 

1091.5 
lloo . g 
1086.6 
1085.5 
logo. 3 

1089.0 
10.9.4 

Qs2 

0 525 
0 - 519 
0.514 
0.5~ 
0.520 

0.513 

0.517 
0.521 
0.522 

0.520 

0.522 

0.520 

Welding techniques have been developed in connection with the swageable 
end cap for makhg closures in the immediate vicinity of the loose oxide. 
Successful welds have been made with the oxide material within lik inch 
of the top edge of the tube. 

A nondestructive testing method for determining lonitudinal plutonium 
segregation in a fuel rod is being investigated with the cooperaticx 
of the Physics i% Instrument Research & Development Operation. 
tests, utilizing the PCllR have indicated that the level of detection is 
within the sensitivity range required. Additional tests, using oxide 
capsules and swaged fuel rods, are planned. 

Initial 

Considerable effort has been expended during the month to develop a 
technique by which the end of the tube remains free of cantamination 
during loading and vibratory compaction. The present technique employs 
a rubber hose which runs from the loading assembly dam to a Pmel taped 
to the top of the tube. 
work the funnel to the point where it wears through the protective 
stripcoat layers on the end of the tubing. In an effort to isolate the 
vibration of the tube from the filling hose a low mass vinyl expaasion 
bellows has been designed and is currently being built. 
dust-free filling without the attendant contamination of the tabe end. 

The natural resonances of the rdbber tubing 

This will allow 
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Extrusion Presses. Ixistallatior: of the 280-ton hooded extrusion press 
and the K5-ton unhooded extrusion press, relocated fromthe 231-2 Bldg., 
has been completed. The relocation of this equipment improve the fuel 
fabrication capability of the 308 Building but has not previously been 
moved because of fabrication commitments. 

Fuel Recycle Pilot Plant (CAB-916). A shielded facility for limited 
reprocessing of PKlTR fuel elements has been scoped and is now in the 
detail design stage. The pilot scale laboratory (324 Building) to be 
located east of the 308 Building, will include high level cells for 
chemical processing and metallurgical fabrication, a low level canyon 
for plutonium tracer work, and a cold uranium canyon. 
(10-1/2) months design schedule has been established, and design is on 
schedule with eight percent completion. ?"ne construction schedule has 
not been firmly established as yet, but completion will most likely be 
about mid-year, 1964. 

Plutonium me1 Fabrication in Support of Physics Program. 
plutonium fuel. for the temperature coefficient experiment has been com- 
pleted and deliTiered to the Reactor Lattice physics Operation. 
consisted of 60 elements, 20 inches long, and clad in 0.495 ID Zircaloy 
tubing. 
thermocouple attachments. 
20 with high exposure and 20 with low exposure plutonium. 
temperature on these elements in the Physical Constants Testing Reactor 

U@-Pu@ fuel is being fabricated for a PCTR loading. 
pellets were pressed to 52 percent green density in a 19/32-inch drill 

bushing. 
sintering so that dies can be designed for the automatic pellet press 
to produce pellets that will sinter to the required diameter. Several 
binders and lubricants are being evaluated in an effort to optimize the 
pellet making process, since over 15,000 one-half-inch long, finished 
pellets will be required for the loading. Paraffin oil, applied to the 
punches and die, appears better than a lubricact which is added to the 
powder mix. 
punch of the automatic press is being investigated. 

Fabrication of Physics Test Standards for Bettis. 
fabrication of Al-Au, Al-U, Al-Pu, Al-B, Al-U-B, and Al-Pu-B alloys clad 
in zirconium for physics experiments. The U-Au, Al-U, and Al-Pu alloys 
are nearly completed; with the exception of one plutonium alloy, the 
compositions of these alloys are within three percent of the intended 
compositions, and the homogeneity of the alloys is within two percent of 
the mean composition. Qle plutonium alloy showed a gradation of ten 
percent in plutonium concentration. 
being checked. 

A ten and a half 

The aluminum- 

This job 

Twenty elements used aluminum cores with inside and outside 
The other 40 used aluminum-plutonium cores, 

Operational 

is 600 c. 

Ceramic grade U@ 

These pellets will be used to determine shrinkage during 

A method of continuously applying the oil to the bottom 

Bettis requested the 

Intermediate points on the alloy are 
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The Al-B and AI.-Pu-B alloys have been cast and the extlusion of these 
alloys has begun. 
excess of enriched uranium is available. The hmogeneity of the other 
boron alloys will be determined before casting the Al-U-B alloys. 

The-Al-U-B alloys have not been cast for only a small 

UO2 Fuels Development 

PREi Fuel ElelrPents. 
were inspected during a reactor outage. The fuel elements were in ex- 
cellent condition after an exposure of approximately 500 MWD/T of UW. 
There was no evidence or' loosening of wire wraps, crud buildup, or 
serious surface damage. Some minor surface scratches which probably 
occurred during discharging were observed on fuel rods of all four 
elements . 

Four PRTR 19-rod cluster cold swaged fuel elements 

An inspection of the themcoupled fuel element which was discharged 
from PKllR last May revealed stress corrosion cracks in the stainless 
steel thermocouple sheaths at the point of egress from the Conax 
compression seal. 
the diffusion joint between the thermocouple sheath and the Zircaloy-2 
end cap, recharging of the element into the reactor was postponed 
pending further exambation. 

Because of the possibility of similar corrosion at 

Vibrational Campaction. A new vibrational compaction technique is being 
investigated. Vibration is applied to the top end of the fuel cladding 
which is suspended from a resonant structure, rather than to the bottom 
end that is ordinarily coupled directly to the vibrator. Uniform bulk 
UQ densities greater than 90% TD were acnieved by this method. 
technique is applicable to (1) fa6rication of preassembled components 
of the PRER nested tubular fuel element or multiple rod assemblies, 
(2) compaction of plutonium-bearing fuels with minimum risk of external 
contamination, (3) fabrication of recycled fuel assemblies by suspending 
them from a resonant beam vibrated by equipment located outside the 
shielded facility, and (4) reclamation of fuel material from rejected 
fuel elements, or of irradiated fdel for reprocessing. 

The new 

Hot Swaging. A Class I, Zircaloy-4 clad, FTQR 19-rod cluster fuel 
eleaent was assembled using hot swaged fuel rods. A bulk U@ density 
of 93.5% TD was achieved by hot swaging -20 msh Spencer faed Uo;! in 
the Zircaloy-4 cladding. 
entire fuel length. Particle size distribution and tap density of fused 
Uo;! are being correlated with reduction in cross-sectional area and 
elongation during swaging to determine the optimum conditions for hot 
swaging of Zircaloy-clad file1 rods. 

The Uo;! density was uniform throughout the 

PRCF Fuel Elements. Thirty-one fuel elements assembled for PRCF tests 
include a variety of nested tubular elements and l9-rod clusters fabri- 

cated by cold swaging, hot swaging, and vibrational compaction. 
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Hydriding of Zircaloy. 
(HD-5) began successfully. 
flux which presumably could cause catastrophic hydriding within a short 
period. The four-rod cluster element contains two rods clad in 
Zircaloy-2 and two clad in Wrcaloy-4. 
ZFrcaloy-4 clad rods were deliberately defected by drilling a 0.006-inch 
dismeter hole through the cladding. 
released from the element during the initial power level increase (from 
5$ to 35$ of full power). Subsequently, gamma activity in the effluent 
coolant decreased quite rapidly, as expected. 
increases produced only moderate increases (each followed by a gradual 
decrease) in effluent gamma activity. 

Irradiation of the third Hanford Defect Test 
The element is generating a surface heat 

One each of the Wrcaloy-2 and 

A large burst of fission gas was 

Subsequent power level 

Enrichment Test. 
particles of 93$ enriched Uo;! is successfully undergoing irradiation 
in the MIIR. 
(GEH-4-62) contains a large particle (approximately 1/8-inch diamter) 
of 93s enriched U0;L positioned adjacent to the cladding at the fuel 
element midpoint. 
93s enriched U@ (-10 mesh) to achieve an average fuel enricmt of 
1.q U-235 in U. 
the four vibrationally compacted rods. 
crushed U%, one contains fused U@, one contains electrodeposited Uo;?, 
and one contains high-energy impact-formed U@. 
averaged 87.3% TD. 
be initially about 1,800,000 Btu/hr-ftz. 

A Wrcaloy-clad Uo;! fuel element containing large 

Each 0.565-inch diameter rod of the four-rod cluster 

The remaining fuel comprises natural U0;r blended with 

A different type of natural U% was used in each of 
One rod contains' sintered and 

Bulk fuel density 
Surface heat flux at the hot spot was estimated to 

Remote Fabrication Studies. A nested tube fuel element design will be 
used for initial exper-nts in remote fabrication of a full-size PZiTR 
fuel element. As far as possible, cladding components and hanger 
fixtures will be assembled and tested prior to loading and compaction 
of fuel mterial within the remote operation facility. 
WFU. then be required only for the final end closure and hanger welds. 
A turn-table and an inert-gas welding chamber are being designed for 
automatic, remote welding operations. The cladding material is on hand. 
Zircaloy wire for spacing members is being fabricated. The basic 
fabrication units such as the vibrational compactor are available. 

Remote handling 

Corrosion and Mterials Studies 

Effect of Thermal-Cycling on Corrosion of Zircaloy-2. 
Ranford procedure for autoclave corrosion testing in 400 C steam involves 
remxing each sample for weighing at 3, 7, 14, 28, 42 and 56 days. 
Since this procedure thermal-cycles the samples a number of tims, a 
special test to evaluate the importance of the thermal cycling was con- 
ducted in which the samples were removed onl twice - at 16 days and 60 
days. The weight gains at 16 days (27 mg/dm5) agreed well with normal 
Hanford (thermal-cycled) test results. 
average weight gain of 4.4 mg/d, the samples had not experienced 
breakaway. 
ard test procedure, the average breakaway time is about 4.4 days at a 
weight gain of ap roximately 40 mg/dm2, and the weight gain at 60 days 

The standardized 

However, after 60 days and an 

For samples exposed to multiple them cycling by the stand- 

is abou% 55 mg/dm 3 . 
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Although the effect is not a large one, frequent thermal cycling 
apparently does accelerate the ocset of breakaway corrosion. 

High Temperature Oxidation of Zircaloy-2. Zircaloy-2 specim?ns were 
oxidized at high teqeratures (TOO, 750, and 800 C) in 4 mm Hg water 
vapor partial pressure for comparison with previous runs made at 25 nun 
water vapor pressure. 
the oxidation kinetics in several ways: 

Reducing the pressure of the oxidant affects 

It reduced the weight gains during the initial cubic stage 
by about 10 percent fromthose obtained using a pressure 
of 25 pml Hg. 

Though the final "fast" linear rate still occurs at about 
300 mg/#, this weight gain is achieved in twice the time 
for low pressure (4 mm) 800 C test conditions. 

The "fast" linear rate is approximately half as fast at the 
low pressure. 

It appears likely that the rate-controlling factor in the late linear 
state is gaseous diffusion through discontinuities in the oxide film. 

P€U'R Water wity and. Decontamination Studies. The water quality 
requirements for the PRTR secondary system are being reviewed, and 
changes in.the specifications will be recommended in the light of 
operating experience to date. The design is now complete for in- 
stallation of a gas chromatograph to monitor the impurities in the 
helium gas. 

Proposed procedures for decontaminating The primary system and the PZETR 
Rupture Loop were reviewed and updated to facilitate planning by opera- 
ting personnel. 

Caustic Cracking Studies. A test evaluating the effect of concentrating 
LiOH on stressed 316 stainless steel continued during the month. 
other test was initiated in TF-5 in which stressed samples of 304 stain- 
less steel and Zircaloy-2 are exposed to 1 g/1 LiOH solution at 290 C. 
After two weeks, examination of the samples revealed no cracking or 
visible hydriding. The test is continuing. 

An- 

Stress Corrosion Cracking of Various Steel and Nickel Alloys. 
susceptibility of "U" bend specimens of various steels and nickel 

The 

alloys to chloride stress corrosion cracking is presently being tested 
in boiling 42 percent MgC12 (154 C). Testing has been completed on 
approximately 17 alloys which include austenitic stainless steels, 
Hastelloys, Inccmels and iron-chromium-alminum alloys. All of the 
austenitic stainless steel samples failed in less than 19 hours. One 
Hastelloy "F" sample also failed in less than 19 hours, and one Fe-Cr- 
L-Y sample failed in 47 hours. The remaining alloys showed no stress 
cracking after 160 hours of exposure. Several or' the alloys, namely 
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406 stainless steel, Ferrsls 
tyrpe corrosion ranging from verj light to catastrophic. 
less steel samples had the lightest attack, whereas the Fe-Cr-A1-Y and 
Fe-Cr-Y ssmples were catastrophically pitted. The remaining Hastelloy 
and Inconel alloys showed virtually no signs of corrosion. 

Fe-Cr-AI.-Y and Fe-Cr-Y, demonstrated pitting- 
The 406 stain- 

PFlTR Process Tube Monitoring. 
examined and the ID and gas gaps were measured. 
new wear-corrosion marks in all eight tubes. 
was operated with a PU-U element fitted with large contact area spacer 
lugs at the end brackets. Wider than normal fretting marks were apparent 
in this tube. This tube was removed for destructive analysis. Inside 
diameter measuremnts indicated that two tubes were approximately 15 mils 
elliptical in cross section at about nine feet from the flanged end of 
the tube. 
the last inspection. 
and a new tube was placed in channel 1857. 
acceptable gas gaps in channels 1857 and 1756. 

Eight PRTR process tubes were visually 
Visual examination showed 

One of these eight tubes 

Gas gap measurements indicated no appreciable change since 
The tube in channel1857 was moved to channel 1756 

These changes provided 

Pre-irradiation evaluation of Process Tubes. 
PRI'R pressure tubes that have been autoclaved, four have passed inspec- 

Of the 11 replacement 

tion &d are ready for straightening, and seven have scratches in the 
autoclave film or questionable areas that may require rework. Of the 
remaining tubes, 18 are ready for etching and autoclaving, two tubes 
require rework before etching, and two tubes are being held as potential 
rejects. 

Past-Irradiation Examination of PRTR Process Tubes. No evidence of hy- 
driding or white corrosion product was found at the base of the deepest 
wear-corrosion groove (approximately 5 mils deep) at the bottom fuel 
support in PRTR process tube 1154 which was removed from the reRnL.or in 
July. As reported in August, hydriding had been observed at the -:.=e of 
a three-mil deep groove at the upper fuel support location in tkis 'bibe. 

04 Program Radiometallurgy Studies 

A 10 w/o Tho;? - 90 w/o Uo;! fuel in capsule GER-4-61 had sintered during 
its IB'R irradiation except for a thin layer adjacent to the cladding. 
central core was present and evidence of a melt was observed in one end 
of the core (RM 631). 

A 

Visual examination of the nested tubular element GEH-12-22 which was 
irradiated to about 600 MWD/T in the ETR revealed no visible deformation 
in any of the components. 
tube was found to be a 3j8-inch diameter hole (RM 637). Examination was 
completed on the seven-rod cluster A1-Pu rupture test, GEH-11-5. No 
significant concentratioc of hydrides was found in the cladding of the 
defected rod or the center rod. The entire core of the center rod was 
removed from the cladding and the dimensiooal changes occurring in the 
core are being determined (RM 672). 

A rupture on the inner surface of the inner 
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-tion has begun on a seven-rod UQ-Pu@ chster irradiated under 
GEE-ll-3. 
along the full length of the rods, wherein strip of uniform glass are 
browned by radiation (RM 668 ) . 
It has been demonstrated that sections of 12 W/O Si - 15 w/o &-A1 alloy, 
coextruded in Zircalay-2 can be declad in 14 M HF at room temperature 
with only surface corrosion damage to the expzsed cut surfaces of the 
fuel. A sectiun of the declad core my then be removed for density ma- 
surement. Unirradiated sintered 86 Tho2 - 14$ U@ has been found to be 
insoluble in concentrated =SO4 at 200 C, the only solvent recognized in 
classical literature. X-ray diffraction studies on three cold standards 
and three irradiated zirconium samples have been completed, and the data 
reported to physical lktallurgy. 

Further details and interpretations of the above findings will be re- 
ported in connection with the development programs served. 

A new technique has been developed for n?akhg autoradiographs 

Elutonium aides 

A set of oxide pellets pressed from powder derived by a 550 C air calcina- 
tion of the Oxalate was heated to various temperatures in high vacuum 
(approximately 3 - 5 x 10-5 mm Hg) in order to study the thermal composi- 
tional stability in very low oxygen pressures. Reduction occurred sluwly 
with temperature giving O/Pu values between 1.98 and 2.00 for one hour at 
temperatures in the interval 1000 to 1-740 C. 
to 1900 C gave a considerable increase in reduction, the O/& being 1.85. 
Densities were soM3whBt lower than nomy seen in hydrogen sintering, 
reaching 89 percent of theoretical after the 190 C one-hour treatment. 
The reduction in vacuum appears quite insensitive to temperature relative 
to that seen during hydrogen or helium heat treatments. 
calculations are presently being performed in effort to correlate these 
effects with partial pressure of oxygen. 

Increasing the temperature 

Thermodynamic 

Additional metallographic examination has been performed on reduced plu- 
tonium oxides with the following microstructural features noted: 

Pu4.72 Gave a rather mottled grain structure with large 
irregular grains 

Pu4.82 Lamellar type structure typical of pearlite- 
eutectoid phase 

Pu4.90 
Difficult to resolve grain structure due in part 
to porosity, however, material did appear single 
phase. 

Quench tests will be run during the next month to determine elevated 
temperature structural details. 
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Gas Evolution Studies 
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Calibration and trial runs of gas evolution equipment were made using Uo;! 
large, approximately 3 m, particle size. As much as 0.2 - 0.5 cc/g of 
gas were evolved in 30 minutes at 1500 C. The data do not yet permit a 
conclusion on the origin of the evolved gas. The reaction chamber can 
now be isolated fromthe rest of the system; this allows evolved gases 
to build up sufficient pressure, greater than 200 microns of mercury, 
to circumvent the undesirable effects of a gaseous discharge within the 
high frequency inducticm coil. 
in order to control the gaseous discharge. 

Sample mass is also carefully governed 

The tantalum reaction crucible is first outgassed at the maximum operating 
temperature, 2000 C. Then the pressure in the reaction chamber is in- 
creased to one atmosphere of helium. A monatomic gas such as helium will 
readily escape the surface of the crucible when again heated in vacua. 
This amount, the blank value, should be a constant over a given experinmrt. 
The process is then repeated as several different masses of a specific U@ 
sample are run. 
a plot of McLeod pressures squared versus specimen weight. 
amount of gas evolved from a given weight of Uo;! is calculated directly 
from this plot. 

As explained earlier, this blank pressure is found from 
Also, the 

Plutonium Carbides 

An additional set of PuC alloys extending from 34 to 54 a/o C was arc- 
melted to provide confirmation on the compositional limits of the PuC 
phase. 
of theoretical density. 
planned to provide data on phase relations near the zeta range. 

Densities varied as expected with composition and PuC gave 97.7$ 
Low temperature anneals and metallography are 

Plutonium Silicides 

ELutonium dioxide and silicon powders were blcnded in a 40:60 a/o ratio 
in an attempt to form Pu2Si3. The blended powder was then compacted into 
pellets and heated to 1385 C in a vacuum resistance furnace; the pressure 
was 4.6 x 10-5 mm of mercury. X-ray diffraction analysis of the product 
shows the product to be pSi2. 
is 1795 2 23. 
is lost during the reaction. 
added in an effort to maintain stoichiometric balance. 

Its melting point as previously determined 
Since PuSi2 is 33-1/3 a/o Pu, it is evident that plutonium 

An excess of plutonium dioxide will be 

Zr02-PuCQ and MgO-Pu02 Fuel Capsules 

Work is progressing on fabricating the sixteen Zr@-Ar@ and bQO-Pu@ 
capsules for irradiation testing in the MITI. 
is as follows: 

The status of the capsules 

1. 202-2.18 w/o Puw. The pellets for the four capsules have 
been sintered to about 90% of theoretical and are ready for 
canning. Some difficulty was experienced with porosity and 
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cracking. 
amount 02 binder acd lubricant and heating at a slower rate 
during sintering. 

These troubles were rectified by reducing the 

2. Zr@-10.39 w/o PuQ. The four capsules are completed with 
the exception of autoclaving. These pellets sintered to 
about 96 of theoretical. 

3. M!+ 3.05 w/o Rro;!. 
presezt time. 
adequate densities could be obtained. 
pellets was also-encountered. 

The pellets are being sintered at the 
It was necessary to ball mill the MgO before 

Cracking of the 

The pellets.have been sinterrd to a density 
theoretical and are ready for canning. 

The 0.567-inch aD Zr-clad MgOiPuo;! capsules will be assembled by shrizk- 
fitting a 1.120-inch aD alun;inurc sleeve over them. 
maxim~up pcwer generation cf 50 W/ft without excessive temperature on 
the capsule surface. 
a high power generation is required in order to obtain the desired 
center core temperature. 

This will pernit a 

Because of the good them caiductivity of MgO, 

PJel Evaluation 

~re1imina.q examination of a US-T~O;! fuel speciIllen (GEH-4-61) success- 
fully irradiated with a surface heat flux of approximately 700,000 Btu/ 
hr-ft2 indicates that the elemnt operated with a molten core. 
cavity filled with sponge-like fuel material was formed during irradia- 
tion. The cavity Is surrcunded by large colmar grains which extend 
nearly to the cladding, 
similar to previously irradiated U@ and PtCQ-Uo;! "ash-can" elements. 
The vibrationally compacfed (86 ID) mixture of 10 w/c Thw-90 w/o U@ 
was enriched to 1.38 w/o U-235 in U acd was clad in 1.115-inch OD by 
0.030-inch wall 304-L stainless steel. 

A central 

In general, %he fuel cross-sectioc appears 

A capsule containing swaged U(& was discharged fromthe MTR core after 
reported irradiatim to 53,000 MWD/"TJ. 
discharged at a reported eqosure cf 38,000 W/%. 
being returned to Hanford for examiziation. 

A second, similar capsule was 
These capsules are 

A single crystal of f;lsed U% vas discharged from the ETR core after 
irradiation to a reported eqosure of 8900 MWD/T sf ura~ium. 
will be returned to ZanfrJrA for metallograpnic analysis and complete 
characterizatior, or' its physical and mechanical properties. Irradiation 
of a second, similar crptal continues. This crystal will be discharged 

This crystal 
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Nitrides in Fused U@ 

Evolution of nitrogen gas when fused UCQ is heated in vacuum is believed 
to be the result of decomposition of higher uranium nitrides; i.e., U2N3 
and Um2, to UN and N2. 
sealed fuel capsules at any given temperature is limited by the pressure 
of nitrogen in equilibrium with material having the particular N/U ratio 
under observation. 
be considerably lower than those calculated from gas volumes extracted 
in vacuum from fused Uo;! samples. 

A proposed wchanism for nitrogen fixation in fused Uo;! was verified in 
the laboratory. It has been suggested that uranium nitrides are formed 
by the reaction of nitrogen with the uranium =tal inclusions frequently 
found in fused Uo;!. The reaction could occur in the cooler portion of a 
billet during fusion if the fusion is performed in a water cooled steel 
vessel in an air atmosphere. Fused Uo;! containing uranium metal inclu- 
sians was heated in nitrogen at 1000 C for three hours. 
content, determined by the Kjeldahl IIlethod, increased from 220 to 540 ppm. 
X-ray diffraction analysis showed the presence of a new ccmponent> ten- 
tatively identified as UN2. 
inclusions revealed a characteristic structure which has been observed 
in several lots of fused U@. 

Internal pressure variations as a function of temperature will be measured 
in fuel capsules filled with nitrided fused UQ. 
correlated with gas volumes extracted from the same samples in vacuum. 

The decomposition of higher uranium nitrides in 

Nitrogen gas pressures in fuel elements thus should 

The nitrogen 

bktallographic examination of nitrided 

The results will be 

Fused U$ containing uranium =tal inclusions was mtallographically 
examined following steam autoclaving 72 hours at 400 C. Complete pro- 
tection of the uranium inclusions from oxidation by the steam was 
provided by thin (less than one micron thick) layers of U@. This ob- 
servation is encouraging with respect to the ilse of such material as 
reactor fuel. There are indications that fused U@ containing uranium 
inclusions may be fabricated more economically than stoichiomtric V02. 

U@ Melting Studies 

An induction heater coil was adapted to the 60 KW "hermatool wslder power 

supply. 
5/8" 0 tungsten tube heated by induction ir, an argon atmosphere with 
a one-turn coil, 
higher temperature tests of UQ melting in tugnsten tubes. 

A temperatwe in excess of 22CO C was obtained on a 1/2" ID by 

A three-turn coil is being fabricated to be used for 

Irradiated UCv Examinatior, 

A polished section of a 1.44-inch OD irradiated Uo;! fuel core was dis- 
sected to provide small specimens from accurately known areas. 
in-cell sampling techniques were developed. The samples will be used in 
measuring the change of various prcperties, sach as melting point, O/U 
ratio, impurity concentration, metallography, etc., that occurred during 
irradiation. 

Specialized 

123fj56 UNCLASSIFIED 



Thermal & Rectrical Conductivity 

A summary report on thermal conductivity and electrical conductivity of 
Uo;! was presented at the Pacific Coast regional meeting of the American 
Ceramics Society, San Francisco, October 17, 1961. 
the entire BLO/BMI U@ conductivity research program to date is in pre- 
parat ion. 

A detailed report of 

4. BASIC SWLLmGPR0GRA.M 

Irradiation Promam 

Two capsules that have been under irradiation since March 1961, as part 
of the basic swelling program, will be discharged in November of this 

year. Ole capsule has been operated at a constant temperature of 525 C, 
and the other capsule has been operated at a constant temperature of 
575 C regardless of reactor operating conditions. Recently, ac acci- 
dental trip and subsequent re-establishment of electrical power to the 
capsule heaters by reactor operating personnel caused a momentary tem- 
perature excursion into the beta range on both capsules. 

Four additiohal capsules have been completely assembled, bench tested, 
and are ready for charging into a reactor. 
charged in tandem, two to each test. 

These four capsules will be 

Checkout tests are continuing on a new capsule Fnstnmentation and heater 
supply facility at the reactor with another completed capsule under 
simlated reactor operating conditions. 
will be used on the capsules to be charged in tandem and on future cap- 
sules on this program. 
open circuit in its heater has been found and corrected. However, this 
capsule contains a small leak that will require location and repair 
before it is ready for irradiation. 

This new instrument facility 

(he additional capsule has been assembled and an 

A specification is being prepared for off-site fabrication, assembly and 
laboratory testing of additional capsules for continued work on the basic 
swelling program. 
already been placed. 

An order for heaters for these future capsules has 

Post-Irradiation Examination 

Two unrestrained spherical specimens of uranium, irradiated to a Smup 
of 0.05 a/o at 575 C and 0.28 a/o at 575 C, have been annealed at 575 C 
for 100 hours and are being processed for metallography. 
show little change in porosity by qualitative comparison. 
non-uniform both with respect to pore sizes and location of pores. 
tailed comparison by quantitative wtallography will be made. 
hardness masurements on these specimens before and after annealing nave 
been taken. 
hardness as a qualitative measure of svelling. 

30th specimens 
Porosity is 

De- 
Micro- 

The data will be analyzed to determine the utility of micro- 
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3% U-235 ir- A replica of an etched surface in a spherical specimen of _, 

radiated in NaK to a burnup of 0.16 a/o at a temperature of 800 C has 
been examined in the electron microscope. 
made by optical microscopy, the peripheral band around the specimen 
contains only small pores relatively f'ew in number, whereas the interior 
contains many pores some of which have contacted each other and have 
agglomerated. 
onlylarge pores in the center and edges of the bands. 
between bands, profuse porosity exists. 
these bands indicate that the bands are significantly harder than the 
matrix. 

In lizle with observations 

Bands which permeate the interior show no small pores, 
Within the matrix 

Microhardness traverses across 

Wtallography on two specimens from capsule jf6 irradiated at 300 C to a 
burnup of 0.034 a/o has been completed. 
examination has revealed no evidence of microcracks or porosity in these 
specimens 

A solid cylindrical specimen of normal uranium, GEE-14-36, which had been 
irradiated unrestrained in NaK at < 200 C to a burnup of 0.26 a/o has 
been annealed at 600 C for one hour. 
density change from 19.01 g/cc to 18.61 g/cc during irradiation and dis- 
closed relatively few pores by electron microscopy in the as-irradiated 
state. Prior to the anneal, the specimen was repolished and two KrLoop 
hardness traverses were made along two perpendicular directions on the 
specimen. 
point and reflect a much greater scatter in hardness after irradiation 
than before. Hardness numbers are in general in the range 0-200 units 
higher than the pre-irradiation values. After annealing, the density of 
the specimen decreased to 18.51 g/cc indicating only a slight increase 
In swelling. Know hardness was again determined on a polished surface 
of the specimen, and the hardness numbers in geEeral had decreased to 
the pre-irradiation values. However, scatter among the hardness values 
was still appreciably greater than ir. the specimen prior to irradiation. 
Since surface preparation can affect harbess values axid since hardness 
differences between neighboring grains can be as large as 50 units, these 
values will serve as a qualitative irdex. 

Ectensive electron microscope 

This sFecilnen had undergone a 

The Know hardness nudoers vary considerably from point to 

Replicas of this specimen after annealing have been subjected to a pre- 
liminary electron microscope examination and show that an bcrease in 
the size and number of observable pres has occurred. The specimen has 
apparently recrystallized in many regions and formed new equiaxed grains, 
approximately four microns in diameter. Within such grains porosity is 
essentially absent, but pores as large as 0.25 microns in diameter are 
located at the boundaries. 
show little, if any, porosity in their interior and at their boundaries. 
A tentative explanation for the changes observed is that nucleation and 
growth of recrystallized grains is accompanied by sweeping of gas atoms 
as the new grain interfaces move through and consme the matrix. Those 
grains which recover during the anneal without recrystallization contain 
essentially the same original distribution of pores. Extecsive metallo- 
graphic study of replicas of this specimen are in progress. The annealed 
specimen will now be subjected to a chemical determination Gf burnup. 

Also presen+, are large elongated grains which 
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Pore Size Distributims 

5. 

ELectran rmcrographs suitable fsr ~l~e i3 a Zeiss Brtlcle Size Analyzer 
have been prepared frcm z-epilcss sf spcimens irradiated ir, capsules #4, 
#, and #6., 
sheets and will be prcgrammed to yiel:! pore -;aid fraction and dersity 
distribution inf3mticc. 

Pore diame3er data are beisg en5ei-ed on cmquter input 

Fission Product Mobility 

U-U diffusion ccqles, GER-14-281 and 282, consisting of enriched uranium 
in coktact -ath depleted uT8niU, are Seiq prccessed for microhardness. 
The specinen will then be amssled and metallography and microhardness 
measurements will be repeated to establish the extent of fission gas and 
fissicr, product mobility across the Y-V interface. 

In- Reac tor CreeD kasuremer.t s 

The gamrna heating of the specimen and pull rods of capsule 111-2 produced 
a maximum specimn ’Gemperature of 515 C with the reactor at full power. 
In order ts caduc+, a creep test with a rmnimum or’ teqerature fluctui- 
tion the specimec Teaperature must be controlled electrically; therefore, 
power was apglied until the specimer, temperamrz approached 6JO C. The 
distribution of gama heat, howevery would not allow the elimination or’ 
a temperature graciier-t almg the a+cimeo. 
conducted with onc end of the specixcen at 615 C, the middle at 593 C, 
and the other ezd at 568 C at EL stress cf 5800 psi. A test was alsc 
conducted in a 3zaz;dard creep machic? mder identical corditisxis for 
comparison. The creep rates for the data obtained, between 20 hours and 
300 hours, were the same for the two specgmens. This agreement shows no 
significant influence cf seutron radiation af, 602 C. 
this period of the vas 3 (5) x 

Ari il;-reacscr creep test was 

The creep rate duriJrg 
in,’in/hr fa both specimens. 

Capsule azld Insfrumznir Development 

In order tc ccndulct creep f,es%s ir- the 25C tc 40 C teqerature range, 
future capsules of the tkir6 generation ty-pe mat be water cccled. 
Capsule 111-3 kas been mixiified ir, the past m~l;n tc pr3Vide internal 
water cooling, de,cr?Bse the mass ~f rbe strain meaa-uis,c system ac? 
remove ar-y insdatmg msteriai which might cclA+,ammazz tile iieliuri atmos- 
phere. Laboratory checkcdt of capsde 111-3 shows char, with the cooling 
system three times as mck: power is required to zaintain 250 C tlar, tkat 

required for 250 C in capsule 111-2 vkic?: has LC ~~~ii~ig system. 

Tests of the effect cf sinulazed g:arulca heatir-g on the thermal properties 
ia a moclcup of the b-reactor nreer capsde have Seer, completed. The 
results agree wit> prirJr predictions :ha: the emvecticr, of helium is 
the controiling mae c;’ kat trar,sFcrt. 
heat sirmrlated L-- me capsule csda rot accauc Szr the excessLveiy high 

It has also akow chat the ga-ma 

1 
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temperatures encountered during in-reactor creep tests. There was reason 
to believe that the atmosphere of helium in the creep capsule had been 
contaminated. Freon was, therefore, introduced into the mockup as a con- 
tambate but failed to show any change in the heat transport of helium as 
a function of pressure. However, specimen temperatures were slightly 
higher at all pressures. It was also believed that the contamination 
source could have produced combustion products which condensed on the 
wall of the in-reactor creep capsule resulting in lower heat transport. 
An oil and dag coat deposited on the inside wall of the mockup failed 
to cause a significant change of the specimen temperatures. 

EGCR Graphite Irradiations 

The H-3-3 capsule has operated successfully for three GETR cycles. 
total IIlBxirmxp exposure received by samples 
and H-3-2 has reached approximately 8 x 102? nvt (E > 0.18 Mev). All 
thermocouples are operating satisfactorily. 

(kidation of Large Blocks of Graphite 

Although very smell graphite samples used in laboratory oxidation experi- 
ments may be assumed to oxidize uniformly throughout, the depth of oxida- 
tion in large blocks is diffusion controlled and depends on a number of 
variables which control this diffusion. 

large blocks, the reaction rate decreases as a function of depth. How- 
ever, for the purpose of calculating the heat geEeration during oxidation, 
the effective reactim zone my be thought of as a hypothetical sharply 
defined surface layer which reacts as a uniform rate equal to that mea- 
sured on small samples of the same type of graphite. Also, the reacting 
fraction of a large sample (of the same type graphite) can be determined 
experimentally by oxidizing a large sample at a given set of conditions. 
Fromthese data for small and large samples 3f the same type of graphite, 
the "effective depth" of reaction, L, for the large block can be cal- 
culated directly, assuming the above hypothetical sharply defined re- 
action zone at the outside slirface. 

The 
reviously irradiated in H-3-1 

Thus, Ln the real case with 

However, "L'' also appears in the following relationship,. derived on 
theoretical grounds: 

where A = a combination of constants including the 
diffusion constant 

y = fraction weight loss/hr 
T = absolute temperature OK. 

Having an independent experimental value for 
for A rather than considering it to be a constant, 0.033, as has been 
previously assumed in the EGCR com3ustion analysis. 

it is possible to solve 

For EGCR graphite 
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A was found to be about 0.002 for samples which had not been previously 
oxidized, but increases essentially linearly as the amount of oxidation 
increases. 
in temperature in the range 535 to 660 C or by changes in the shapes of 
samples. 
tion, it is thus an easy matter to calculate A for any georraetry, tem- 
perature, and amount of oxidation. 
is that the effective depth of oxidation (and hence the heat released in 
oxidation) of large EGCR graphite pieces is on the order of half, or less 
than previously believed. This information has a favorable effect on 
interpretation of any potential M;cx burning hazard. 

The values of A thus determined were not affected by changes 

Once having established A as a function of the degree of oxida- 

The net effect of this new analysis 

Graphite Compatibility with Helium Containing Water Vapor 

The recording vacuumbalance has been modified extensively so that it has 
recently been possible to outgas a sample of TSX (NPR core graphite) at 
approximately 8 p of Hg and 800 C before oxidation. 
sequently exposed to dry ( < 15 ppm of QO) helium at 800 C and showed no 
weight loss for a period of 13 hours. 
he1i-m containing approximately 250 ppm of 
rate over a period of 19 hours was 6.9 x 1020g/g/hr at 800 C. This is 
higher, by about a factor of two, than previously reported results. This 
higher rate may be due to the removal of adsorbed gas which could inhibit 

the reaction. 

The sample was sub- 

The sample was then exposed to 
. . The average weight loss 

Graphite-Water Vapor Reaction under Gamma Irradiation 

A second series of rate measurements on the reaction of graphite with He 
containing a small partial pressure of H20 vapor has been completed in a 
CO-60 gamma facility. 
weighing 8,3 grams was employed. 
As before, oxidation rates were compared at each temperature to those 
obtained with dry He to determine the effect of residual -bxygen. The 
results are tabulated below. 

For these measurelnents a TSX graphite sample 
The e0 vapor concentration was 155 ppm. 

RATES IN PRESENCE OF 9 x 105 r/hr GAMMA F!Lm 

Temp. Rate with Wet He Rate with Dry He Net Rate - OC w/hr mg/b mg/hr 

600 -5.36 x -4.92 x 10-2 -0.44 x 10-2 
700 -6.16 x 10'~ -5.42 x 10- 2 -0.74 x 10-2 

Tne activation energy calculated from these data is 8.8 kcal/mole, which 
is in good agreement with the value 9.4 kcal/mole found for CSF graphite 
in the same teqerature range. The oxidation rates for the two graphites 
heve been normalized to the same H20 vapor concentration by assuming a 
linear dependence of the rate on the &O vapor concentration, as is found 
for the thermal reaction. The resulting rate of TSX graphite is about 
twice that for CSF graphite at a given temperature. 
explain the difference, measurements were made of the speciflc surface 

In an attempt to 
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area, He density, bulk density, and available void volume for the two 
graphites. Results are as follows: 

Specific Available 

Surface Area He Density Bulk Density Void Volume 
Graphit e $/gm gm/cm3 dcm3 cm3/gm 

T5X 0.486 2.~37 1.748 0.115 
CSF 0.478 2.108 1.660 0.128 

Because differences in the surface areas and ia the available void volumes 
are not great enough to account for the two-fold difference in oxidation 
rates, it appears that the assured linear dependence of the rate on the 
a0 vapor Concentration may not be valid for the radiatian-induced re- 
action. Further measurements are planned to clarify this point. 

Thermal Cycling of Coated Graphite 

The first piece of pyrocarbon coated 901-S with a Si-SIC coating has been 
received from Mlmesota Mining and Wufacturing Company. The purpose of 
the pyrocarbon undercoat is to retard diffusion of the SI into the 
graphite; a process which can result in eventual failure of the coating. 
The sample has been thermal cycled in air over a temperature range of 
250 C to 1200 C. After 150 hours ad 900 cycles, it is still intact. A 
Weight gain of 0.0012 g or 0.062 percent has occurred. 
saqple of this type to be tested; others will be included in future tests. 

This is the first 

Ex-Reactor Creep Ekperiments 

A second tensile creep machine is now operating. 
modified Tuckem optical strain gage installed in place of the dial 
gage, to permit measuremnts in the micro inch range. 
to be working satisfactorily but as yet no creep has been detected. 
current experimnt is with IKXX graphite at 590 C and under a tensile 

This machine has had a 

The system appears 
The 

load of 1000 psi. 

Five HAP0 300 psi ex-reactor compression boats have been removed from a 
furnace at 635 C and length measurements obtained on all samples. 
boats are identical to those used in the in-reactor experiments and in- 
clude some unloaded samples. 
for the unloaded samples. 
prior to the initial measurements. Annealing experiments are under way 
on other samples to see if an explanation for these observations can be 
obtained. 

These 

An unexpected growth in length was noted 
All samples were annealed to 3000 C in vacuum 

In the meantime the low exposure data obtained from the in-reactor 
experiments must be held as questionable. The results of these tests 
were essentially the same as the ex-reactor tests; growth of unloaded 
samples, and no growth of loaded sairIples. 
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Gas Loop Project Manag emnt and Design (M-822) 

The Gas Loup construction remained at 92$ completed during the math. 
Rectrical acceptance tests were perfomed and modifications to the seals 
of the annulus blowers completed. 
reactor tube in the experimental cell was started. This installation 
will permit testing at design temperature conditions (1500 F), supple- 
menting the fomr tests which were limited to 1200 F. 
removed from the experimental cell as recommended by the General Electric 
Technological Hazards Council. 
are being investigated in an effort to re-use the present vessel. 

Installation of the prototype in- 

The NaK heater was 

Numerous substitute heat transfer lnaterials 

The earliest promised delivery date for the main blowers remains.at 
December 31, 1961, although the absence of test results requested follow- 
ing the latest blmr modifications would indicate that the December 
delivery date is aptimistic. 

Design tests of electrical, instnxnentation, and the make-up and vacum 
systems have been issued for comment. 

Acceptance tests of the electrical system modifications, including DC 
stopping power for the main blowers, have been completed. 

Camponent Testing. 
diaphragm of the prototype Co;! compressor ruptured. 
diaphragm head disclosed that the rupture was caused by metal particles 
on the oil side of the diaphragm. The =tal particles were present be- 
cause of improper cleaning of the compressor head oil chamber after 
machining. 
was replaced. 

After 150 hours of operation, the second stage 
An inspection of the 

The compressor has operated 100 hours since the diaphragm 

79 GRAPBITE IRRADIATIm DAMAGE STUDIES 

Electron MicroscDpy 

Electron micrographs taken from areas approximately 0.1 mm square on 
samples being prepared for irradiation in the GEH-13-8 capsule have been 
assembled in mosaics for the conparison before and after irradiation of 
relatively large areas magnified 5OOOX. 

The area selected on a graphite prepared with a natural flake filler and 
coal tar pitch binder contains several thin flakes separated by binder 
regions. In one instance the interface betveen binder and the edge of a 
flake can be distinguished. 
continuity than is typical of petroleum coke fillers. 
or kinks are present, including a tight fold of a flake 12 microns thick. 
The angle of the sides of this fold varies from 20° to by0, and only at 
the lowest angle is there an indication of rupture across the layers at 
the apex. 

me layered structure shows much greater 
Several small folds 
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The area selected on a sample of 
elonnated filler particle having 

Hw-715 35 

CSF graphite is near the center of an 
a layered structure arranged in a series 

of chevrons. 
study on a sample of TSX graphite, and approximately half of the area 
includes binder material. 

Theend of a similar elongated particle was selected for 

Irradiation of Lapp black Graphite 

After an exposure of I200 WD/AT at 500 to 600 C, samples of laqpblack 
graphite heat treated to 1400 C had contracted 0.6 percent while samples 
of lampblack heated to 3000 C before irradiation had contracted 0.2 per- 
cent. 
unirradiated 1400 C lampblack were heated to 3000 C. 
change of -1.70 percent was observed on eight samples. 
higher contraction rate of the 1400 C lampblack may partly be due to 
radiation activation of processes which are normally thermally activated 
between 1400 C and 3000 C. 

In an effort to trace the cause of this difference, samples of 
An average length 

Therefore, the 

Titanium Flux Monitors 

A counting procedure for Ti flux monitors has been established, and 
initial results have been received for an irradiation performed in the 
Snout facility at KW. Evaluation of the data yielded an eff 
section for a fission spectrum of 13 nib for the Ti46 (n,p)Sc 
This compares with a current best value of 9 mb. 

tive cross 
reaction. E 

ALUKRWM CORROSICN AND ALLOY DEVELOPMENT 

Aluminum Corrosion 

Corrosion data have been analyzed from samples exposed to 300 C water 
adjusted to a pH of 4.5 with H2MD04. 
rate of X-8001 at 25 fps was 0.34 mil/mo and at 40 fps was 0.57 mil/mo. 
For comparison purposes this rate is: (a) approximately the same as in 
water at pH 4.5 with HN%, (b) about 10 times as high as the rate in water 
at pH 4.5 with H3P04, and (c) about 0.1 the rate in deionized water at 
pH 6 to 7. In-reactor testing in C-1 Loop is planned to determine whether 
Bmq, H3PO4, or H2MoO4 is best from both corrosion-inhibition and crud- 
formation considerations. Corrosion rates of Zircaloy-2 and ensitized 
304 stainless steel in the @MOO4 test were very low (3 x lo-% in/mo), 
and agree quite well with data for pH 4.5 with HNO3 and H3PO4 systems. 

After 3097 hours the corrosion 

Corrosion Under Heat Transfer Conditions 

Corrosion testing of x-8001 cladding under conditions of high heat trans- 
fer was initiated in TF-3 during the month. The first test was operated 
in high purity water at a heat flux of 228,000 Btu/hr-ft2 with a bulk 
water temperature of 660 F an2 an aluminum surface temperature of TOO F. 
As the cladding corroded, the aluminum temperature increased. During the 
first 90 hours an increase of 5 F was obtahed; however, extensive inter- 
grandar corrosion began occurring after this time. An additional 
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increase of 116 F was obtained over the next 40 hours before the specimen 
failed. Examination of the heater rod showed severe corrosion on the 
surface of the clad; and, as a result of a weld failure, corrosion of the 
inside of the clad. Temperature conditions were apparently too severe 
for the x-8001, and therefore, a similar test has been initiated with the 
bulk water temperature restricted to 600 F. During the first 24 hours of 
operation the aluminum temperature had increased 15 F. Evaluation of the 
temperature increase at the end of the test will enable the thermal con- 
ductivity of the aluminum corrosia product to be determined. Also, the 
corrosion will be compared with the corrosion of Eon-heat-generating 
saqles . 
H-1 LOOP 

Replacement pumps are nearly installed io the loop, and ccrrosion coupons 
have been prepared for the first test. 
expected to start i2i Movember to measure the corrosion md crud pickup of 
aluminum, 304 s$ainless steel, an6 Zircaloy-2. 

Testing with non-fueled coupons is 

9. USAEC-AECL COOPERATIVE PROCW 

Ultrasonic Testing 

Some of the basic parameters cf the dtrasonic test for sheath tubing are 
being determined using Electrojet mchbed drooves to represent defects 
of various sizes and orientations in the inner and mter surfaces of the 
tubing. 
parallel to the tube axis, a reduction in response was obtained when the 
length of the defect was reduced to less than 0.3 inch. An abost linear 
relationship was reasured between percent of full response and percent or' 
crystal length. The test for longitudinal defects is insensitive to de- 
fects oriented 200 to the tube axis while the transverse test becomes in- 
sensitive if the angle cf the defect with the zube axis becomes much 
smaller than 900. Apparently there is a large bliad area (not Tyet well 
defined) in the center of the region betweel; 0 and 90°. 

. Using a crystal that focuses the ultrasound alora a 0.3-inch line 

Varying the angle with which the defect enters the tube wall caused a 
measurable but less drastic decrease in ultrasonic response. For example, 
a 90$ loss in response was observed at an angle of k5;0, 
continuing 

The tests are 

Boiling Burnout in 19-rod Fuel ELements 

The fabrication of an electrically heated 19-rod bundle with O.074-inch 
spacing between rods was completed and the experimental program usirg it 
was started. This test section is identical except for length to tne 
Hardord FTIT 19-rod element geometry (0.564-inch aD rods, 0.OTL-inch rod 
spacing in a 3.25-inch ID tube) and has a heated length cf 18 iricnes. 

Since the test section was difficult and expensive to build and past 
experience with test sections of this type has snowr, them to be ra-cner 
fragile, an experimental program was devised tc provide considerable 
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information without undue risk of destroying the test section. 
initial series of experiments were planned to identify and demonstrate 
a large range of conditions anticipated to be close to but free of 
boiling burnout. 
of boiling burnout, they are valuable for design and hazards analysis 
purposes. It was planned that if the test section survives the initial 
series of experiments, further experiments would specifically determine 
boiling burnout points. The test section will probably be destroyed in 
the actual burnout runs. 

The 

Even though such data do not identify exact conditions 

Seventeen of these points close to, but free of boiling burnout were 
established. 
This was at a mass flow rate of 3,OOO,OOO lb/hr-ft2 and at about 12 F 
subcooling. 
of about 2oqb was established at a mass flow rate of 500,000 lb/hr-ft2 
and a heat flux of 310,000 Btu/hr-ft2. Boiling burnout conditions as 
would be indicated by surges in temperatures of the heated surfaces were 
not detected for any of these conditions. 

The maxinrum heat flux investigated was 970,000 Btu/hr-ft2. 

At the other end of the spectrum of conditions, a quality 

Extrapolating these raw data to the current PRTR operating conditians 
indicates safety factors of at least three for boiling burnout conditions. 

Magnetic Force Welding of SAP 

Tests of magnetic force closure butt welds on 0.551" OD x 0.020" wall 
thickness SAP material revealed the weld to be stronger than the tube. 
The internal upset produced during welding provides a weld cross 
sectional area approximately twenty percent larger than the tube cross 
sectional area. 
hoop stress. 
35,000 psi. 

Internal pressure test split the tube at 42,000 psi 
Failure of the tube material in tension occurred at 

Attempts to weld closures on 0.618 " 0 x 0.025'' wall thickness SAP were 
unsuccessful due to insufficient machine capacity. 
we ding current of the machine is 60,000 amperes, equivalent to 1.3 x 

on the smaller diameter tubing that 1.5 x 10 amperes per square inch 
is required to produce a weld. The 0.618 " 0 material was swaged to 
0.515" OD for further weld evaluation. 

The maximum usable 

I: 
10 k amperes per square inch for the larger t be. It was demonstrated 

The purpose of this program is to investigate the combined effects of 
radiation and reactor environment on the mechanical properties of struc- 
tural materials. An environment of high temperature,water is of interest. 

Six specinren quadrants, each containing eighteen Zircaloy-2 tensile 
specimens, were successfully removed from the E"R 6x9, hot water loop 
after cycle 40. 
the first time and performed very well. 
concurrently replaced with tensile specimen quadrants' containing types 
304 and 348 stainless steel. 
at the conclusion of cycle 41 were assembled. 

The tools for accomplishing this task were used for 
The removed quadrants were 

Specimen quadrants scheduled for insertion 
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A Fortran program written to process tensile data through the 7090 com- 
puter was used for the first time in computing stress-strain parameters 
for 32 tests. 
of Zircalay-2 and similar specimens irradiated at approximately 75 F 
(while exposed to water) to integrated fast neutron fluxes of 0.84 x 1019 
and 1.2 x 1020 nvt. 
mens exhibited the normal effects of directionality; munely, the trans- 
verse direction (with respect to rolling) had a higher yield strength, 
lower tensile strength, and lower uniform strain than did the longitudinal 
direction. QI the other hand, directionality effects shifted with cold 
work. A cross-over in yield strength occurred prior to 10 percent cold 
work such that the longitudinal direction displayed the higher yield 
strength with increased amounts of cold work. Cross-over effects with 
increased amounts of cold work.were also obsefved in the case of tensile 
strength and necking strain; however, practically no difference due to 
directionality was observed for the uniform strain at all cold work levels 
investigated (up to 76 reduction in thickness by rolling). 

The results represent both unirradiated control specimens 

It was found that the uirradiated, annealed speci- 

Sizable increases in strength and decreases in ductility result from 
irradiation. In addition, the effects of directionality generally persist 
at the two exposure levels investigated. An exception to this is uniform 
strain, which is strongly directional dependent in the annealed state, 
but nearly directional independent in the cold-worked state. For example, 
the true uniform strains for the longitudinal and transverse directions 
in the annealed state are 0.047 and 0.007 -/in (in 2.125 in.), respectively, 
for an exposure of about $9 nvt. 
work state are 0.0235 and 0..02&, respectively. 
fore, that cold work has a beneficial effect in reducing the effects of 
directionality on uniform strain, as well as reducing the degree of 
plastic instability in the transverse rolling direction due to fast 
neutron irradiation. 

Corresponding values for the 70$ cold 
It would appear, there- 

In support of studies of neutron damage to molybdenum, a limited investigation 
has begun on the effects of rapid quenching, which introduces a defect struc- 
ture quite different from that resulting from heavy particle irradiation. An 
apparatus has been assembled which will permit gas quenching of molybdenum 
wires heated to 2000 C Fn vacuum. 
will be followed by means of electrical resistivity measurements made at 
-196 C, after isochronal annealing. The first trial run with this apparatus 
resulted in melting of the wire specimen at a minute region of reduced cross 
section. Temperature of the wire was calculated from the current and volt- 
age input, and fromthe temperature coefficient of resistance. The apparatus 
is now being modified to measure temperature by mans of a radiation pyrometer. 

The decay of the quenched-in vacancies 

lktensive effort has been directed toward preparation of a laboratory for 
high vacuum, high temperature work with molybdenum. Ekamples of equipment 
to be included in this laboratory are a zone leveling apparatus, stored 
energy calorimeter, and high temperature annealing furnaces. 
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Back-reflection Laue diffraction patterns have been mde from the cylindrical 
surface of the single crystal molybdenum rods. 
asterism and show no diffuse maxima. Insofar as this surface is concerned, 
there are no gross flaws in crystallinity. (100) faces ground and polished 
on a low carbon crystal did, however, show small extraneous grains, as well 
as voids. Other crystals have no voids or flaws, but an intricate etch pit 
pattern develops upan electropolishing. It would appear that each single 
crystal test specimenr after forming, will have to be carefully evaluated 
prior to irradiation. 
molybdenum rods are being determiced. 

Reactivation of the hot stage microtensile equipment fo be used in conjunction 
with defamation and irradiation damage studies on molybdenum is currently in 

progress. 
transfomr have been recdibrated. 
for single crystals, to be used interchangeably with the Etallograph and 
x-ray diffraction equipment, is presently being fabricated. 
molybdenum polycrystalline foils, with carbon impurity levels correspacding 
to those in the single crystals, is expected in the very near future. 

These patterns are free of 

Orientations for the high carbon, single crystal 

The hydraulic loading system, load cell, and linear differential. 
A room temperature microtensile fixture 

Receipt of 

. Rolled mlyWenum foils, 0.003'' thick, of nominal 99.99$ purity, have been 
irradiated to approximately 1017 nvt (fast). 
they have been examined in the electron.microscope and show no apparent 
change from the pre-irradiation state. 
loops or lines has been detected. 
higher exposure levels in a Hanford Snout Facility. 

After electrolytic thinning 

No apparent increase in dislocation 
Foils ere currently being irradiated to 

Survey experiments aimed at studying the susceptibility of molybdenum to 
fission fragment damage are being planned. (h the basis of results obtained 
on fission fragment and neutron damage in aluminum, a metal having a 
relatively law melting point, damage in a high melting point metal such as 
molybdenum should provide a more comprehensive understanding of radiation 
damage. Aluminum foils having a tapered section were irradiated at a dis- 
tance of 0.002" from a carbon coated, U@ fission source, to am exposure 
equivalent to 1018 nvt (thermal) in the source. 
fission product spectrum, as 2etected by gamma ray spectrometry. ELectron 
microscope examination of the thin sections in the foil revealed fission 
fragment tracks with lengths less than one micron and widths of approximately 
200 A. 
with fission fragrnent damage regions was observed. 

The target showed a typical 

No evidence of impaired notian of dislocations due to interaction 
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Testing of Fermi Reactor Grayhite 

Samples of Enrico Fermi Reactor shielding graphite were outgassed at 650 C to 
determine the volume and kind of gas released on heating prior to irradiation. 
The samples were: 
Carbon Canxpany seven percent borated (Na2B407), (3) ANL three percent borated 
(B4C), and (4) Carborundum five percent borated (B4C). 
considerably more gas than conventional graphite. The GLC unborated and Car- 
borundun material were especially high in gas release and it was not possible, 
due to volumetric inadequacy of the vacuum system, to measure quentitatively 
the gas output. 
fluxed a liquid during initial heating. 
seven percent bora ed and the ANL three percent borated samples was 8.5 x 
10-5 and 7.7 x lo-' gram moles per gram of carbon, respectively. 

(1) Great Lakes Carbon Company unborated, (2) Great Lakes 

All samples released 

The heating chamber containing the Carborundum sample re- 
The gas collected fromthe GLC 

Radiometallurgy Service 

Examination of two overbore fuel elements from C Reactor revealed that four 
support straps had been broken off mechanically from one element and not 
corroded or worn off (RM 433), and that the profile of element X-35 previously 
reported as 'kDarrel" was caused by non-uniform corrosion of the cladding. 
The fuel dimensions were uniform (RM 431). 

SFX uranium metal or uranium dioxide saqles have been dissolved for burnup 
analysis, and four samples have been declad for density measurement. 
gas has been collected fromthree elemxts, and tensile tests have been 
completed on eight specimens at room temperature. 
measured on four samples and microhardness data obtained from five. 
micrographs were taken of some of the microhardness traverses. 
carbon steel corrosion coupons were cleaned, examined, and weighed. 

Fission 

Densities have been 
Photo- 

Twenty-two 

Mztallograpny Service 

During the course of a metallographic study for FPD of pressure-bonded 
coextruded fuel elements, very small platelets were observed at the inter- 
face of the uranium and Zircaloy-2. 
the cap-to-core and can-to-core interfaces, and at low magnification (less 
than 500X), had the appearance of cracks. 
magnification and with various types of illumination revealed that these 
platelets have the optical characteristics of zirconium hydride. Positive 
identification has not yet been made but will be attempted both at Hanford 
and at BMI. 

These platelets were located at both 

Careful examination at high 

Electron microscopy service for the month included examination of A1203 
powder blown through a "plasmajet torch" to determine whether the powder 
particles, originally flat crystals, had been spheroidized. Examination 
by direct observation and by replica techniques showed that successful 
spheroidization was accomplished. 
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In con.iunction with Nonmetallic mterials Development, work continued on a 
program to study graphite damage under neutron irradiation. Specific areas 
on graphite are pre-characterized so that electron micrographs of identical 
areas can be cornpared before and after irradiation. 

~ 

Samples Processed During the Month: 

Total Samples 
Replicas 

447 
64 

Photographs : 

Micrographs 546 
Macrographs 58 
ELectron Micrographs 141 

Total. 745 

NPR Charging bkchine 

The entire electrical. portion of the charge machine is estimated to be 935 
complete. 
complete. 
have been started. During the month, three separate demonstrations of the 
machine were given. The machine was operated fromthe consoles by using 
temporary jumpers in the electrical system. A reviewing stand was built 
on the swaging room roof in the northwest corner of the building for use 
at such demonstrations a 

The mechanical portion of the machine is estimated to be 965 
Same mechanical modifications found necessary during testing 

Wiring of the consoles and panels and wiring fromthe panels to valves is 
estimated to be 9546 complete. 
not yet been connected. 
for the power track have been fabricated and installed. 
control panel has been completed. 
except for some additions to the original system. 
system is 76 complete. 

Test equipment, to determine the effect of fuel elements sliding through 
the front and rear nozzles, has been fabricated. 
and is estimated to be 30$ complete. 

Several limit switches and photo cells have 
The power track has been installed and the cables 

The auxiliary 
The hydraulic system is nearly complete, 

The high pressure water 

This test is in progress 

Fuel Element Fabrication Economics Study 

The fuel element fabrication economics study was completed during the month. 
A draft of the completed work was transmitted to Programming Operation, 
sponsors of the study. 

The final tabulations showed much smaller price differentials between 
enriched uranium fuel elelnents and plutonium enriched natural or depleted 
uranium fuel elements than had been anticipated. Total fuel element 
prices were also low, in the $65 per kg U range for a 19-rod cluster 



element. Two factors contributed to the lm total prices: (1) The basic 
premise of the study, contained in the problem assignment, that 10 parer 
reactors using sFmilar fuel elements =e customers of the plant, inplies 
that process and product developm=nt costs will be those of a mature 
industry. 
far greater than profits as in most present production. 
used in the various process steps were taken from actual HLO experience in 
production of fuel elements for PIiTR. 
with observed and published yields elsewhere. 

These costs amount to about 8-10$ of profits, instead of being 

(2) The yields 

These yields are high compared 

Mmager, Reactor and Fuels Research 
and Development 

FW Albaugh:kb 
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REACTaR 

Optfmizaticn of C-Pile Retubed Lattice 

The exponential pile mockltp of the C-pile lattice waa hilt with seven verti- 
cal safety rod channels and prmisicm fcr inserting QyrkogenDLs moderator around 
rae paphite tube blocks. Six of +he rcd charnels have the C-pile sdety rod 
sgacing, and the other chamel is in the renter of the pile. The qeriments 
wlll help establish the safety of the averbored C-Reactor during a flooding 
accident. 
tube holes in the graphite. me diffusion lema with stream- was 62.7 cm. 
The diff'usion length with streaming was caiculsted from Behres's theory to be 
58,9 cm bas& OB measaements in %e Hafrrd St,andard Pile. 
Pasion length may 3e hi& sbce the neutron counter was placed only 4 inches 
from the center sdety rod chad. 

The dif'fusian length of the mockxg vaa measured with standard process 

The measured dif- 

The wet C-II-E4 fuel elemelzts Sea .Ica&ed in she pile, aad measurement on 
the material bucklix has hem. 

Data Correlation and Analysis 

The data taken on eexponential piles tiwta.g the last three years needs to be 
evalcated and analyze5 tc be of maximm 'so ~fi reactor design WA kture re- 
search plaanizlq. The eqcnen%ld ~112 zxtLsds af aralysis have been evaluated 
and mcdified to .-b%aizi agreement 3etween the aeverd past methods of taking 
and analyzing data. This vork YFli remove systema5iIc differences and form 
the hasis fcr snalyc13 ad. correlation cf She rxle6.r mriables alone. 
quarterly repox% was written ~n ttze ecqar~s;~ of various experimental and 
analyical methods 

A 

Effectiveness of Intermi mfaces 

The stw of the iattice parameters (k2 f pI -:: fcr concentric tube fuel . 

has beexi exterded in the Fkysizal Constanzs Test Reactor (PCTR) to a 14.5- 
inch graphite lattice. 
2.0 inch and 1.66 mch by 1.12 icck OU~S~GE: EL~G inside Ciameter, respectively, 
and measurementg were made with both air a?lci cater as the ccoiant. 
mesurements r3ere de z; check tbe xiusuai sbpe cf the bcckling cme for 
this Pael, e..tezd cur kmleae of concpntnc tube fuel In s~pport of N- 
Reactor, 2rc~ie sa+s ::a rescmce captrrre ~CP fntermlly mcderated fuel, and 
Zizd ciit vhetkes a la+.txe +,ris large cm2d be stutied IE the XTR. 

-?rs-ic.z !zezs';-~emez:~ f z TZLS 

The 2x1 elements nlere mtual trr6.nim1 2.5 inch by 

The 

elemonfi have hen made in 8.3'75-inch and 



The large lattice spacing made the normal fl.~ mtchlng procedure impractical. 
The flux ratio couJ.d llot be matched with the fuel loading facilities in the 
PC'IIR, so measurements were made @L?r the &Joint ratio had been matched. 
This is the first time that an experimezst has been done with the adjoint 
ratio match used as the cri+,erlon of minimum error in &. 

The foils irradiated during the coarse of the experiment were counted on a 
NaI(Tl) crystal using a 256-ch~~~ei analjrzer to check the stability of the 
counters. The analyzer was ued to set the bias and wlndar widths for all 
of the materials which were irradiated. 
was used as the recorder and the results of +,;?e cousrting were recorded on 
printed tape, talclng advantage of the zum ddition facility which gives th 
naming total of the counts recorded ger channel. 

For coincidence counting the analyzer 

Bcponential Pile Measurements f9r IQPR 

The exponential pile moclarp of +reactor was comtrueted with control rod 
channels In the vertical direction. MeasuremezLts Gf zontrol and safety system 
strength are to be made in sxpport of N-Reactor startup and hazards analysis. 
The control rod spacing is 32 inches 5y 36 inches. Be strewh of a column 
of samarium oxide balls was measured in tke ceater of the mockup exponential 
pile. 
in the mockup) is 3.61 cm wheraas the WtuaL N-reactor ball column is 3.81 cm 
in radius. The strength of two cther ball cclumns, 3.19 cm and 2.44 cm 
radius, were measured so that the strength cf a 3.80 cm colru~ could be esti- 
mated fram a plot of ball strength vs. radius. 
was measured at the control rod spacing ad oeed correction to the actual (ad 
different) ball column spacing tc allcw caparison ..ritli desi- calculations. 
The results of the ball strengfh measc;rements are give2 in Table I. 

The radius of .this column (which is the largest that can be inserted 

!The lccal strengh of the balls 

TABLE I 

c olumn 
Radius (cm) 

3.60 
3 -19 
2.44 
3.81 
3.60 

Lccaticn 
-6 -2 

cm ) 

Pile Center 63 f 1.5 
Pile Cemer 53 f 1 
Pile Center 43 f 3 
Pile Certer 68 (estimated) 
Zcztrol Rod Spaci.w 148 f 3 (6 co~umns) 

The local bdl strengbh corrected tc a colm radiu of 3.81 cm is 160 
~m-~. 

Thus the ratio of ball strengch to rod strengtk at this spacing is 0.721 can- 
pared to the estimated ratio of 0.71 (we Meshcdcm - private communication). 

The local colrtrcd ro6 strength previously reyorted is 222 x 

Migration Area of N-ReacC,or 

The migration area ($) of N-Reactor needs to be known to predict leakage 
and control properties. 
of measured values of I& and hucklinq. 

A -7ralze of l8 is already malable from caparison 
I;1 principle, another method is avail- 

etermine @ and lzas teen weci in - staiies cf water lattices. This - 
1231315 



method is the study of the variation in buckling with fuel enrichment with 
other parameters held constant. 
from the equation ~fy~ = 1 + $$. Tbe values of Tf are plotted versus # 
for the various enrichments and the slope of the resulting line is &. The 
change in q is calculated and the change in f is measured in the PC!l'R. Two 
enrichments of IT-Reactor fuel have alre been stdied (natural and 0.947$ 
@5), and a third is avaflable (1.q Us) which might be measured. How- 
ever preliminmy cslculations indicate that this method could yield # only 
to f 6O$ with the usual uncertainties of i 0.003 in f and f 5 x 10-6cm'2 in 
buckling. Thus the method is not practical and will not be considered fur- 
ther. Urger variation in the enrichment wmld reduce the error in the slope 
of qf versus B2* 
calculate since the neutron spectrum would change as well as the $35 concen- 
tration. Thus the variation of enrichment is a poor way of detel-mining $ 
de 
in $35 and $38 in the lattice spectm to reaction rates in a mellian 
spectrums but this method is not yet fully developed. 

The measurement of $ is best performed by neaszlring 30th k, and $ as long 
as &,, is not too close to one. 

The principle or' the measwement is derived 

Barever, this would make the change in 11 more difficult to 

any conditions unless q can be measured by comparing reaction rates 

Green's mction Treatment of Ecpcziential Piles 

An appraximate solution for the flu in an ex-gonential pile with vertical fuel 
rods has been derived in the small smce appraimation. 
tion has a gross flux distribution similar to the two-region exponential solu- 
tion reported on earlier. 
recognizable as the fine structure and small s-ce oscillations that have 
been studied recently in Hanford exponential assembly experiments. 

The smaU source treatment and the two-region treatment of exponential assem- 
blies have been prepared for inclusim in the latest Quarterly Report. 

The resulting solu- 

Superimposed on this distribution are OSCillatiOnS 

Digital. CcPaputer Programs for Reactor Analysis 

An informal document describing multi-grmp neutron diffusion code HFN is being 
processed for reproduction. 

As was mentioned last month, convergence diffizulties had plagued attesrpts to 
calculate the effects of an internally-cooled control rod, using HFN. The 
convergence rate increased by a factor of seven when the diagonal transfer 
matrix 1 ents were set to zeroo This 2h-e does not affect diffusion theory 
redtstlY' The corresponding results were satisfactory. 

Camputational Programml.nn Services 

The reactor kinetics code TRIPOOl is in operating condition and has produced 
satisfactory correlation with results previously Gbtained on the analog camputer. 
A more sophisticated version, TRIPOM, is being prepared. TRIP002 will adjust 

(i) Elley, J. R., "An =tension of the Gauss-Seidel Method to Solution of 
Sfstems of Hamogeneou Equations9" on pp. 2E-7> HW-68389. 
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a specified parameter in order to produce the desired behavior of a given 
vsriable. Coding of the new version is complete and debugging has begun. 
TIRP001,2 are specialized versians of the reactor kinetics code BAlRM being 
prepared at the reqyest of IPD personnel. 

Revisims to KERN&, permit the code to select the appropriate set of parameters 
for calculation of each kernel, from three sets of input psrameters, on the 
basis of initial energy and energy transfer. Changes are completed and the 
code is apparently debugged. 

Instrument at ion 

Brperimental tests were continued to determine the best bperational methods 
for the NPR graphite purity tests. Various types of Bq tiibes have been tested 
in an effort to obtain optimum performance. Some difficulties have arisen con- 
cerning HAP0 fabricated Bq tGbes with performance degradation noted after only 
modest neutron flux qcsure. Development was started on the necessary pre- 
amplifier cirmite ts 5e wed in the final tests. 

A trip was made to’GE-APED for consultation concerning the MPR miclear instru- 
mentation procurement contract. Proposed revisions to contract. requirements 
for instrument performance and a prcpcrsed nar ccntract on neutron detectors 
were reviewed, and detailed recammendations were prepared and forwarded to 
IPD and CE&UO for consideration. 

AI3 experimental develcpment on the Fast and Slaw Scan R.el Failure Monitor 
was satisfactorily concluded. 
and is now being edit&. 

The final report on this project has been drafted 

The Mark I Pr.xess Tube Traverse Mechanism was successArlly mn through tubes 
at D, F, and C Areas. While in each case the general shape of the distortion 
was correctly indicated, the accuracy Fa indicatia the amplitude of the dis- 
tortion needed improvement. 
and the Optical Device was as great as one inch. 
Mark I1 Optical Device shad reduce possible error and brins much closer 
agreement. The Mark I1 has greater sensiXvity, it can be read with more 
clarity, and the catact scrfaces will be modified to reduce ambiguity in 
determining what position in ‘,he process tube is being measwed. 
planned on full length --reactor subes at F Area using the Mark 11. 

The disagreement between the Mercury Manometer 
Three improvemems in the 

Tests are 

A proposal for the fabrication cf a prototype traversing mechanism. for use 
Fa NPR was sukmltted to Iastrumerztation Desi-, CE&uO. 
travershg mechanism which wcdd utilize transducer (L7MT) readat for operat- 
ing convenience with a direct recording or printout oytion providing automatic 
data handling capabilities. 

De memo crutlined a 

Investigations continued on the possible use of microwave techniqpes to obtain 
a sensitive linear displacement transaacer for use in in-reactor measurement 
of creep in metallurgy specimens. A Fortran co-ter program 38s written to 
assist Fn calculation of resonant cavity design and in investigation of possible 
excitation modes. 
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Detailed plans anb cost estimates were nade fcr the Appropriation Request Il?D 
is pregariizg for experhentai instmentatioa for the PRTR Rupture Test Loop. 

Systems Studies 

Wher analog study of reactor speed-of-control characteristics has been 
requested by IPD. The 9-node model previously used has been changed to a 
6-node model. 
to provide individual reactivity feedback to each region, including metal 
temperature feedback. The reactor is divided into six horizontal slabs, one 
on top of another, for investigation of top-to-bottom diffusion characteris- 
tics and for swation of'vs (vertical safety rod) insertion  full^ or part 
way into the reactor at various speeds. The analog program is completed and 
will go on the EASE and GEDA computers in November. 

With the &node model, enough analog equipment is available 

work on the VSR withdrawal rate simulation, designed to aid in updating bases 
for standards governing the rate of VSR removal during cold startup, has been 
temporarily arrested due to the need for immediate work on problems of higher 
priority. The analog program is nearly complete, and it is expected that the 
problem will go on the computer before the end of the calendar year. 

The rJpR secondary loop stability stuw has been completed. 
study was to determine the effects on stability of-using different types of 
control when two dump condensers and surge taw are used in the model rather 
than single lumped parameter units. The results will be reported when they 
are tabulated and interpreted. 

The pwose of this 

A reactor instrumentation study was made to determine the effect of time delays 
introduced by the instrumentation of the reactor outlet temperature as a 
function of reactivity. 
have been cmpleted and those based on "I(" reactor are almost completed. 
variable parameters for this sttrdy are: 
centages of power level and for variois cmlet temperatirres, an instrumentation 
time delay of 0, 1, and 2 seconds, a sexral combinations of temperature 
sensor time constants. 

All nrns based on the 'rBff3 "D", and "DR" reactors 
The 

"scram" trips set for various per- 

The production test required to authorize installation of rod position readout 
devices at the 100-KM reactor for data acplsition was revised to pro- 
vide for permission to obtain simultaneous +,emperatwe, flux, and rod position 
records. 
ready for use. 
flux level, using a bucking current for zero si-qpression. 
that the net current through the galvanometers must be balanced within 100 
microamperes to get a well-defined t.race. 
be completed as soon as the chambers are installed in the reactor. 

The instnunentation for reccrding imore flwc and rod position is 

Bench tests shuw 
Sensitive Visicorder galvwcneters will 3e ued to record the 

Further evaluation and testing will 

The reactor xenon eqation simulation prGgram was changed to a form which pro- 
vides better signal-to-noise ratios than tk.e previous simulation. 
versus-flux transfer f'unction is to be determined by subjecting the shulation 
to both sinusoidal and step f'unction inputs, The effects of the metastable 
xenon isomer over the normal operating range of fln levels and for various 
sssumed values of metastable xenon absorptior. coefficients will be determined. 
Tests are now in progress. 

The xenon- 

0'. *qy 
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SEPARATIorJS 

Plutonium Critical Mass Experiments 

The control rod for the critical assemblies was placed in operation after 
effecting repairs to the magnet coil. 
tion, it was noted that the safety rod was inoperative; the cause was also 
due to an open circuit in its magnet coil. 
mantle this portion of the control system, which was highly contaminated with 
plutonium. 
operation without spread of contamination. Both units are now correctly per- 
forrming their intended f'unctiona. 

During the time repairs were being made to the control and safety system, 
considerable other maintensace work was done throughout the facility. 

During the tests following reinstalla- 

It was then necessary to dis- 

A new coil assembly was installed. and the unit placed back in 

Critical experiments vere continued with plutonium nitrate solutions in a 
ncmhally reflected 14-inch diameter stainless steel sphere.* Items being 
studied sre the effects of nitrate on criticality and the effects of a 
hydrogemus reflector (paraffin) for reflector thicknesses of one-half and 
one inch. 
critical assembly vessel are presented below. 

The results of measurements cqleted this mmth with the 14-inch 

Criticality Studies with Plutonium Solutions in 
14-inch Diameter Stainless Steel Sphere 

(Measured Sphere Volume 23.22 Liters; Wall Thickness, 0.44-inch) - 

Pu Con- Critical. 

Date Nmber (&) Molarity Condition ( liters ) 
Bcperbent centrations* Acid* Reflector Volume 

- 
10-24-61 I.l.41020 165 - 3.9 &inch paraffin 23 .O 
10-26-61 1.l.410~ ry 165 4 3.9 1- inch paraffin 20.5 
10-27-61 1.l.41022 . 150 H 5.0 1-inch paraffin 21.8 
10-30-61 ll41G23 rrc 140 - 6.0 1-inch parain 23 .o 

Estimated* 
Critical 

Mus (Kg/W 

'v 3.8 
N 3.4 

.- 3'3 
rc/ 3.2 

* Nominal value only since results of chemical analyses for plutonium solu- 
tions were not available at time of this repol-t. 

An attempt was made to accurately define delayed critical with the control 
rod in the second experiment (No. 1141021). With the control rod properly 
positioned (in this case with only one inch of rod remaining in solution) 
the flux was observed to rise linearly with time for a period of Over ten 
minutes, at which time the unit was shut down by means of the control rod. 

. 

Subsequent experiments are planned in which the 14-inch sphere will be fully 
reflected with water and also concrete. 
making the spherical concrete reflector shells and arrangements are being made 
for pouring the concrete. 

Forms have now been completed for 

* A ncnninal reflector is defined in TID-7016 Rev. 1 (Nuclear Safety Guide) 
as one of water not more than one inch thick, or its nuclear equivalent. 

m 



Foil Measurements for Spectral Analysis of Plutonium Solutions 

A series of pu-239 and U-235 foils were irradiated in the PCTR in conjunction 
with experiments to determine the limiting concentration for which kap = 1, 
of a plutonium nitrate-water solution. The purpose of these irradiations was 

the spectral indac or effective neutron temperature of such a 

*_ 

The method consists in measuring the fission product activity of Pu-239 and 
U-235 foils which have been exposed to identical neutron flux. 
the activities, due only to fission by thermal. neutron, is defined as the 
spectral index. 
with the spectral index of known systems. 

The ratio of 

The actual neutron temperature is then inferred by comparison 

The experimental procedure and foil arrangement used are described in Refer- 
ence 2. 
buffer tank, two end buffer tanks, and the core tanks containing the dilute 
Pu(NOj)4 solution. For the measurements the core tank was inserted into the 
annular buffer tank and centered between the end buffer tanks. These tanks 
were all made of 1/8-inch thick stainless steel and were enclosed in jackets 
of 1/16-in~h thick stainless steel. 
are shown in the table below. 

The experimental system consisted of alarge cylindrical annular 

The dimensions (and volumes) of the tanks 

Tank - 
Outside Inside 

Diameter Diameter Length Volume 

Annular buffer tank 17-13/16" 6-9/16" 32-15/16" 112 liters 
Annular buffer tank with jacket 

6- 1/8 2.2 liters End buffer tank 6 - 
Bd buffer tank with jacket 6-3/16" - 6- 5/16" - 
Core tank 6 11 - 20" 8.3 liters 
Core tank with jacket 6 - 3/16 20- 3/16" 

33" - 18" 6 - 3/ 8 '' 

- - 
An additional feature of the core tanks was a stainless steel tube (OD = 0.840- 
inch, ID = 0.546-inch) traversing the tanks diametrically at their midpoints. 
The foils were irradiated in this traverse tube--one set at the center of the 
core tank and one set 5/8-inch in from the outside edge of the tank. 
of magnitude measure for the ha,rdening of the spectrum due to the stainless 
steel traverse tube is obtained frm a cmparison of the spectral indices at 
these two positions. 

The results of these measurements are as follows: 

An order 

Foil Posit ion 

Center 
we 

Spectral Index 

1.520 f 0.002 
1.536 k 0.002 

(1) D&wson, F. G-, Proposed Studies on Thermal Neutron Spectrum, EW-66623, 
July 6, 1960. 

(2) Stinson, W. P., et al., ~n Invest: 
perature, HW-60778, ~un 

e. J 
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The uncertainty quoted is due to statistical sources only. 

Calculations are being made to detexmine the actual effect of the stainless 
steel traverse tube; however, the figures abave indicate the actual spectral 
index in the soluticn was of the order of 1.50. This indicates an effective 
neutron temperature of about 3gO°K whereas the physical temperature of the 
solution WBB 298.6%. 

The analyses of the plutonium nitrate solution used in the experiment gave 
the following results: 

Pu - u.3 &liter 
+O - 962.4 'I 

Fe - 0.5 
H/PU (atom ratio) - 2275 
Specific gravity - 1.037 

0 

No3 - 11.7 

Em03 - 44.1 (( 

I? 

Preparations are currently being made for a more extensive series of foil 
activation measurements with various plutonium solutions and temperatures. 

Data Correlation - Development of Nuclear Codes for Criticality Calculations 

1. Monte Carlo Calculations of k for Hanogeneuus Systems of Three Per- 
cent Enriched U% 

A Quantity of special interest in nuclear safety is the value of k, 
for Unmoderated, slightly enriched Uq--and if the value is -eater or 
less than unity. This subject matter was also discussed at the recent 
Los Alemos Conference on Nuclear Safety Data. 
definitive answers to such problems, a series of calculations were under- 
taken with the HISM: Monte Carlo Code for calculating the measured values 
of 16, in the PCTR for homogeneous moderated mixtures of three percent 
enriched U+. 

In order to obtain 

The results of these calculations, which have now been completed, are 
presented herein. The calculations were carried out for various hydro- 
gen-to-uranium atom ratios in the range zero (dry 
lowest H/U ratio for which experimental data were 

) to 43.87; the 
ained is 3.58. 

In the experiments "dry" Uq powder (ap-proximately one weight percent 
%O) was mixed with polyethylene to obtain 
Be compositions of the mixtures for which 
are given below. 

the desired H/U atomic ratios. 
the calculations were made 

Material Densities 

EI/u Wdrogen Chrygen 

43 087 0.0568 0.0634 
8.57 0.0321 0.1860 

3.58 0.0179 0.2501 
1.25 0.0069 0.2618 

Carbon 

0 93371 
0.1849 
o .0978 
0.0409 
0 .o 

Uranium 

0.3058 

1.1809 
1.2980 

0.8830 

1.4144 
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The results obtained from this 
Table I together with measured 

series of calculations are 
values of E6, franthe PCTR ti ) 

summarized i 
experiments. 

Also given in Table I are the values for the Fermi age, migration area, 
mean life of the neutron, snd the mean slowing down time of neutrons 
for each of the systems 88 determined by the Monte Carlo calculation. 

43.87 0.996 A .006 1.033 f .032 89,4 105.9 140.67 2.74 
8,57 1.3k i .eo 1.368 2 ,034 179.3 192,9 64.57 4.29 
3.58 1.310 i .023 1.269 f .Ol5 332.8 347.6 k .66 6.01 
1.25 - 1.033 f ,021 801.3 816.8 26.51 8.59 
0 .o - 0.584 * .oig m.4 m.4 2.22 2.22 

The Fermi age is defined as one-sixth the mean square distance a neutron 
travels from birth to either an absorption event, which terminates the 
history, or to the collision that transfers the neutron below indium 
resonance. The migration area is one-sixth of the mean square distance 
a neutron travels from birth to absorption. The mean slowing darn time 
is the average lifetime of neutrons from birth to either termination by 
an absorption event or the collision that transfers the neutron below 
indium resonance. 
from birth to absorption. 

The mean lifetime is the average lifetime of neutrons 

It is noted from the above results that the value for & decreases quite 
rapidly at low hydrogen-to-uranium ratios. 
that is quite low, & = 0.584 f 0 .Olg. This low value is primarily due 
to the moderating effect of axygen; neutrons are transferred out of the 
fast spectrum where there is a good probability of a fission event, 
Into a region of high capture probability for U-238. 
case, no neutrons were found below 10 e,v. 

The dry Uq salt has a k, 

For this particular 

To determine the wgen effect in dry Uq, a calculation was made for 
3.09 enriched uranium metal at a density of 18.9 g/cc. 
ing effect that neutrons experience is due to inelastic scattering in 
uranium. Calculations were also made for enrichments of five and six 
percent. 

The only moderat- 

A sumnary of the results are given in Table 11. 

TABU I1 

MONTE CARLO mS - URANIUM I"AL (P = 18.9 g/CC) 

Emichment 
16, Th2) 5 s(p sei) 5 - 

3 .Ob 0.720 55 02 0.188 
5.00 0 0915 51.5 0.112 
6 .oo 1.014 -49 7 0.105 

(&).N~@-ey, V. I., J. A. Berberet, and R. H. Masterson, kmof Three Weight 
Percent U-235 Enriched UDj and U@(N$)p Hydrogenous systems, 
HW-66882 
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2. 

The net effect of the oxygen in the dry 
weight percent is therefore /v- 136 . Interpolating the enriched 

for an enrichment of 3.04 

metal cases, a value of 5.88 weight percent U-235 is the limiting en- 
richment for uranium metal; i.e., the earichnent at which k, is just 
unity in the unmoderated system. This re&t is in agreement with the 
conclusion drawn by Pexton, obtained by the extrapolation of exponential 
column data, that the limiting U-235 enrichme t for uzlmoderated uranium 
metal is between five and six weight percent.P2) 

- 

Qusrrtits of Csdmilnn Reuuired to Render Plutonium Solutions "Safe" from 
Crit lcality 

The amount of cadmium necesssry to reduce k, to unity in a hypothetical 
solution of plutonium and water has been calculated for a wide range of 
plutonium concentrations. It is of interest to note that the curve 
representing the Cd/Pu atom ratio (for & = 1) versus Pu concentration 
has an endpoint for Pu concentrations between 0.4 gm/cc and 0.6 gm/cc. 
This results because of the displacement of water by the cadmium. 

The effect of the cadmium is almost entirely a thermal neutrcn group 
effeCt; the displacement of water by the cadmium at higher concentrations 
reduces the H/Pu ratio. 
k, can no longer be reduced to unity by the addition of a thermal group 
poison. 

When the spectnun becanes sufficiently fast, 

A surmnary of the results of the calculations is given in Table 1. 
These data are given graphical representation in Figure 1. 

TABU 1 

TBE CPSMNM-PLUTONIUM ATOM RATIO FlEQ- TO REDUCE lbp TO UNITY 
IN Pu-&O MMTURES 

65 0.4 1.008 (-3) 1.78 (-3) 
131 0.2 5.04 (-4) 3.2 (-4) 
264 0.1 2.52 (-4) 1.1 (-4) 
529 0.05 1.26 (-4) 4.2 (-5) 
872 0.03 7.565 (-5) 1.95 (-5) 
1325 0.02 5.04 (-5) 1.17 (-5) 
26% 0.01 2.52 (-5) 2.8 (-6) 

mCd/Np-' 

1.77 
0635 
9 437 
337 
.323 
.266 
.ill 

Thermal Parameters 
239 239 Cd H 

Oa Of Oa Otr 

975.0 627 zoo 28.98 
1088 691.1 2057 30.17 

io84 722.5 2866 38.44 

974.5 688.4 30U 43.13 

U.3 723.1 2642 35.14 

10% 'A3 2947 40.31 
1000 700 2990 41.55 

(2) He C. Psxton, Critical Masses of Flssionable Metal as Basic Nuclear 
Safety Data, Report LA-1958, ~anuary 1955. 

*-.- . .. 
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3. Calculated Critical Parameters for Plutonium-Carbon M5xtures 

The critical radius, critical volume, and critical mass of bare plutonium- 
cazbon spheres was calculated using the 9-Zooap code aad library. 
Pu-240 was included in these calculations; the C/Pu ratio was varied from 
zero to 55,586, which includes the C/Pd ratio for the minimum mass of these 
mixtures. 
criticality for inclusion in the Plutonium Handbook. 

No 

These calculations provide supplementary data on plutonium 

Cm CRITICAL PARAMETWS FOR PLUTONIUM-CARBOM BARE S- 

c/m At$" Pu Density of Critical Critical critical 

(Atom Ratios) Ild /cc) Pu (Kg/l) Radius (a) Volume (11 Mass (IQ) 

0 
0.1854 
0.417 

1.ll.3 
1.67 
2.5 
3 089 
6.68 
15 -02 

54.0 

0.715 

31 

165.2 

554.5 
1667 . 

332.1 

3377 
5560 

16, ooo 
33,400 
55,586 

4.9623 
4.4661 
3 -970 
3 474 
2 0977 
2.481 
1.985 
1.4887 
9 9925 
4.9623 
2.481 
1 4887 
4.962 
21481 
1.489 
4.962 
2.481 
1.489 
4.962 
2.481 
1.489 

15.76 s -97 
13 079 6.67 
11.82 7.59 
9 -85 8.82 
7 -88 10.48 
5.91 . 13.0 
3 094 17 *05 
1 e97 25.34 
9.85 (-1) 34.15 
5-91 (-1) 39.98 
1.97 (-1) 48-20 
9.85 (-2) 51.80 
5.91 (-2) 54.56 
1-97 (-2) 62.20 
9085 (-3) 66-25 
5.91 (-3) 68.35 
1.97 (-3) 78-90 
9.85 (-4) 93-45 
5 -91 ( -4)U -60 

0.569 
0.739 
0 889 
1.24 
1.83 
2.87 
4.82 
9.20 

20.76 
68.16 

166.8 
267.7 
469.1 
582.2 

1008. o 

1361.1 

5822 .i 

680 -3 

1218 0 

2057 a 4 
3418.4 

ll .a 
12.69 
14.04 
17.10 
a .63 
28.27 
37 -98 
54037 
81.79 

134.27 
164.30 
158.21 
92 -38 
57 33 
b.21 

19 =85 
11-99 
8.04 
4.05 
3 -37 
3 044 

Interactions of Subcritical wstems 

The interactions of subcritical systems among themselves and with their sur- 

roundings can be formulated in terms of the leakage, albedo, secondary 
absorption, etc., of the various caanponents, and the solid angles subtended 
at each component by the others. 
complexities of such a fonrmlation, so that reasonable approximations to 
it can be made, the interactions of core and reflector in a simple one-dimen- 
sional slab reactor with Fnfinite reflector were formulated in the same man- 
ner. A one-group model was used so that the calculated quantities aze simple 
analytic expressions. Dependence of these quantities on he1 concentration 
and slab thickness has Seen found. A more realistic two-group model is now 
being treated in the same manner. 

In order to gain better insight into the 
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,Miscellaneous Experiments for Nuclear Safety Specifications 

In Situ Natron Multiplication Measurenents with Plutonium Metal , 

During the week-end of October 7 and 8, further in situ neutron multiplica- 
tion measurements were made with PU metal in the 234-5 Building. Production 
commitments made it desirable to increase the storage limits for current 
models in Hoods HC-22-SR, 45-SR, and 23-CTR. The objectives of the measure- 
ments were to establish the extrapolated critical masses for axrays of cast- 
ings, Snd adjacent stacks as defined by credible error situations including 
compact masses in the breakout hood. Personnel of CPD made the arrangements 
for the experiments and performed the measurements with instrumentation bor- 
rowed fram Critical Mass Physics. E. D. Clayton and W. A. Reardon served as 
technical directors during the two deys of the experiments. 

The array studies on October 7 involved probably the largest amount of plu- 
tonium ever used in a neutron multiplication measurement (the total amount 
of plutonium used in the experiment was 5OL Kg). The extrapolated critical 
mass for the storage array in Hood 22-SR was of the order 2000 Kg Pu. 
a result of these measurements, the desired increased mass limits may now be 
pemitted, and if required, the mass limit in Hood HC-22-SR could be as much 
as doubled Over the current capacity. 

As 

Mass Spectrametry 

The heavy element mass spectrameter for this program provided isotopic analyses 
on two uranium samples for Reactor Lattice Physics and on four plutonium samples 
for Plutonium Fuels Development during the month. 

A new source collimator assembly was designed and installed in the mass spec- 
trometer. 
and rigid mounting of the collimator slits. After installation of the colli- 
mator assembly the shapes of the observed ion peak intensities were consistent 
with the geometric collimation indincating that the installed alignment was 
satisfactory. 

This assembly was designed to provide a more accurate alignment 

. 

Criticality Hazards Specifications 

1. 

2. 

Nuclear Safety in HLO 

A nuclear safety specification (5-2) was prepared for the Plutonium 
Metallurgy Operation to cover special plctonium casting in Glove Bax 
47-B. 
casting molds approved for plutonium quantities in the 3-7 Kg range. 

This specification will include a list of pouring crucibles and 

Nuclew Safety in FTD 

Comments were submitted to the Engineering Operation concerning general 
nuclear 
uranium.?l) The safe limits that apply to all fuel rod sizes rather 
than to just certain sizes for 1.64 U-235 are as follows: 

afety limits for handling and storing 1.6$ U-235 enriched 

1) Letter from C. L. mown to C. H. shaw, A General Nuclear Safety Basis 
for 1.64 U-235 Enriched Uranium, October 10, 1961. 

,T++"? 1231355 
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Safe Unit Mass: 
Safe slab Height: 6.6-in (maximum;! 
Safe Mass Per Unit Area: 92 lb/ft (maximum) 

~zl addition, it was pointed out that one single piece of 1.69 uranium, 
such as one large billet, or one extruded tube, is nuclea;rly safe re- 
gardless of weight or size. 
two or more pieces, however, a specific criticality control limit, such 
as given above, ut be applied. 

malustion for muclear Materials Operation 

The nuclear safety of a shi~~~nt of about 4 
the Dow Chemical Company was reviewed and approved.t293? The material is 
to be shipped in an approved, water-tight container on an AM= car. 

308 lb of U (maximum) 

After such a uranium piece is cut into 

3. 

of p ut0 'um as PuCl3 to 

4. muclear safety Discussions with Off Site Visitors 

Mr. D. F. Cronin of the Matianal Lead Company of Ohio visited Hanford 
October 2 and 3. Information was exchanged concerning the nuclear safety 
of handling, storing and transporting slightly enriched uranium. The 
f'uels preparation plant (313 Building) was visited on October 3.. at which 
time discussions were held with Wls Preparation Department personnel 
concerning nuclear safety problems cmon to both sites in the shipping 
of I and E fuel elements and uranium billets. 

A meeting was attended on October 10 with personnel of the Plutonium 
Metallurgy Operation, the Radiation Protection Operation, and visitors from 
the Physical Chemistry sectioa of --ell (L. Roberts, M. Waldron, and 
R. Suwden). 
alann system and the evacuation plan currently in use in the 308 Building 
(Plutonium Fuels Development). 
well are quite similar. The s 
based on a minimum burst of 1 8% fissions. 

The information exchanged concerned primarily the criticality 

The alarm systems used at Hanford and W- 
cing and location of alarms at Harwell are 

Instrument at ion 

Evaluation of CPD tracer lathe data indicated the ranges of the variations of 
parameters which affect resonant frequencies, and damping. A transfer function 
was synthesized for use with the analog computer sbulatiosrs for investigating - 
methods of mechanical damping and electrical compensation. A recommendation 
was made, also, to provide a hydraulic bias which will cause the amplifier and 
hydraulic control valve to operate off of the nd1 points. The purpose of the 
bias is to eliminate the deadband type of non-linearities and the associated 
meandering or hunting. 

A literature search Df liquid level measuring techniques was conducted for the 
Critical Mass Facilities. 
Memorandum 61-41. 
acy possibilities of interest at the Critical Mass facilities. 

(2) 

(3) 

Applicable methods were described in Systems Research 
Recommendations were made on two methods that have the accur- 

Letter frm G. Bo Kuklinski to C. L. Bram, Pllcl~ Shipment, October 18, 

Letter from P. F. Gast to G. B.  ins in ski, Nuclear Safety of pic13 ship- 
ment. October 24, 1961. 

1961 



In addition to instrument maintemce, the following projects are being worked 
on at the Critical Mass Laboratory: 

1. A transistorized pre-amplifier is being built for use with semiconductor 
neutron detectors. 
critical assembly to measure buckling. 

Two neutron scintillation detectors are being built for use in a new type 
of log-n period meter. 

Three of these detectors will be installed in the 

2. 

3. Design work has been completed on the control rod drive assembly by 
IWcleonics Instnunentation Operation. 
fabrication of a prototype model. 
Area and, if satisfactory, it will then be installed at the Critical Mass 
Laboratory. 

A work order has been issued for 
The model will be tested in the 300 

An additional problem for future work involves the redesign of the aural moni- 
toring system. 
monitoring channel. 
the speaker. 
The proposed change would present a large audio frequency change to the speaker 
for a small. change in neutron count rate. 

The present system connects a speaker directly to a neutron 
Each pulse fran the neutron detector produces a pop in 

SmaU. changes in reactor level are aJmost indistinguishable. 

NEUTROI? CROSS SECTION PROGRAM 

Slow Neutron Cross Sections 

The 105-DR neutron crystal spectrameter is in the process of being put in upera- 
tive condition following long awaited repair of the fission counting electronic 
system. 
progress. 
sample for resonance fission measurements. 
assignment of Th229 and $32 samples for fission measurements. 

i-r: Over-ell alignment and calibration of the spectrawter system is 
During the month arrangements were made to borrow a prepared & 3 

Reqpests were also made for f'uture 

Slow Meutron Scattering Cross Sections 

Inelastic Scattering from Water 

It has been found necessary to repeat part of the measurements of the inelastic 
scattering of 0.3 ev neutrons from room temperature water because of erratic 
performance of the beam monitor counting system during the original measure- 
ments. 
of the distribution in energy of neutrons of 0.4 ev initial energy scattered 
frm room temperature water. 
significant results could be obtained for large neutron energy changes of 0.2 
to 0.25 e~ (8 rr/ 8 to 10). 

The required measurements are in progress. Two measurements were macle 

These preliminary measurements indicated that 

Quasi- ELast ic Scattering 

The analysis of the quasi-elastic scattering of 0.15 ev neutrons from water 
continued during the month. 
shapes have been made at all scattering angles with the fitting programt 
GLOCKE, reported previously. Analysis of the uncertainties introduced by sub- 
traction of the uncertain inelastic scattering ccmponent is in progress. 

Statistically adequate fits to the observed peak 
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F'ast Neutron Cross Sections 

The efforts to develop a satisfactory liquid scintillator for fast neutron 
detection reported last month have been continued. 
liqpid cell with suitable optical reflection properties has not been attained 

The shielding tanks for total cross section measurements have been cmpleted. 
Design of the beam coUimators for the tanks has been campleted and fabrication 
is in progress. 

The new HaU-effect gaussmeter to measure the field of the analyzing magnet of 
the Van de Graaff was received and used during realignment of the accelerator 
follaring the maintenance shutdown during the month. 
meter substantially exceeds that required for alignment, and recammendations 
for permanent installation were given to Radiological Physics. 

An interior surface of the 

as yet. 

Performance of the gauss- 

Instrument at ion 

Development of the 1000-Channel Slat-Neutron Time-of-night Analyzer continued. 
A read-write amplifier to be used with the magnetic drum memory was designed 
and a prototype built and tested. 
timing track that was supplied with the drum proved to be poorly written, but 
was successfully rewritten. Two fiducial %racks were also written, and will 
be used to help locate the desired drum address. 

Long term tests will begin shortly. The 

Lattice Parameters for Low EXposure Pu-A1 Fuels 

Measurements have been made on clusters of 1.8 w/o Pu-A1 file1 in three graphite 
lattices (6-1/2 inch, 8-3/8 inch, and 10-1/2 inch) to provide data for c0qa;ri- 
son with theoretical cs3culetions and later measurements on high exposure fuel 
and mixed Pu-U fuel. 
ledge of the effective cross sections of the fuel and copper poison for the 
distorted spectra in the poisoned lattices. 
be obtained from ratios of the relative activities of a capper foil and a Pu-AI. 
foil, irradiated first in the unknown spectrum and then in a thermal spectrum. 
Harmer, variations in the counting equipment between irradiations have caused 
the previous attempts to determine the effective cross sections to be unsatis- 
factory. To overcome this difficulty, sets of simultaneous irradiations have 
been performed during the past week with the neu PCTR thermal column. Pairs 
of Fu-A1 and copper foils were irradiated sirmrltaneously, one pair in the lat- 
tice spectrum and one pair in the thermal spectrum. Both pairs were counted 
on the same equipment during the same time span, to elmate the counter vazia- 
tions. One set of foils was irradiated in each of the three lattices which have 
been investigated- The data is being processed using APDAC-I. 

Anslysis to obtain values of b, and f requires a know- 

The effective cross sections can 

- 

Pu-240 Eef ective Resonance Internal 

The detailed operational procedures are being drawn 1;p for experiments to 
measure the effective resonance integral of pU-2kO relative to the dilute 
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resonance integral as a function of Pu-240 concentration. 
potentially hazardous, and careful planning and stringent controls are 
necessary. 

Plutonium Fuels Development Operation has partially completed the fabrication 
of the fuel rods for the experiment. 

The experiment is 

Plutonium Fhel Temperature Coefficient 

!The fuel temperature coefficient for plutonium will be measured to establish 
the fuel part of the temperature coefficient for plutonium lattices, 

The heater assembly for the experiments which will attenpt to measure the 
change in & due to heating the Pu-A1 fuel rods has been ccunpleted and tested. 
Some changes were made in the heater to provide a more uniform tenperature 
distribution thraughout the lg-rcd cluster. Measurements of the core mater- 
ial temperature and the cladding surface temperature have been made as ftmc- 
tions of time during a simulated experimental m, using the aluminum dummy 
rods. 
core temperature which will be required to interpret the later measurements, 
using rods with Pu-U cores, when only the cladding temperatures can be 
measured. 

The law exposure fuel rods snd the 16$ pU240 fuel rods have been delivered 
to EScperimental Reactors Operation. 

These data provide the correlation between cladding temperature and 

Pu@-UOp Lattice Studies 

PCPg experiments are being planned with 19 rod clusters of Pu%-UCQ in a 
graphite lattice. 
lattices to a more ccunplicated PU lattice system. 

These experiments will extend our present work on PuAl 

The study which is being conducted to determine both the most desirable la%- 
tice spacing for the initial experiment, and the amount of Pu enrichment is 
nearly ccunpleted. Calculations on the them flux distribution have been 
made with the use of the IBM-7090 code lDIoT for variau lattice spacings 
and enrichments. The resonance escape probability for $3 has been esti- 
mated fram the inferred 
cluster of natural U%. (E5 The fast multiplication factor can be obtained 
rather accurately frm calculations or com arisons with other experimental 
results. Determinations of an effective $9, including both thermal and 
epithennal absorptions, and the resonance escape probability for Pu240 as a 
function of lattice spacing and enrichment are more difficult, and are still 
in progress. 

Detailed physical specifications for the fkel assemblies are now being pre- 
pared. 
be no more rigid than is absolutely necessary to obtain the desired physics 
data. 

8 
8) 

fective resonance integral for a similar 19-rod 

In order to keep costs to a mini, the final specifications will 

(1) 

(2) 

Richey, C. H., IDIOT - A Lettice Parameter Cade for the IRM-709, 
HW-63411. JELL 7, 1960. 
Lilley, J. R., Correlation of Data oa Hea-,y-Water Moderated Cluster 
Lattices, HW-60275. my 19, 1959. 
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A prel- cost estimate for the job has been prepared by personnel of Plu- 
tonium FUels Development Operation. 

PFaR startup 

A formsl presentation of the results of the cell traverses which were done 
with lutetium foils at the startup of the PRTR is being prepared. These 
results will became part of the formal document which is to describe the 
PRTR stsrtup experlments. 

The Critical Facility of the PRP 

Rough drafts of several experiments have been written in preparation for 
startup of the PRP-CF. These drafts describe the various experiments and 
are Mended tc inform management and other interested personnel of plans 
for the facility. 
procedures will be written later. These experiments will be accomplished 
with a reactor loading similar to that shown in Figure 1 of HW-67725. 
loading is one which has an annulu of dusters of 19 Ri-U rods surrounding 
a central core of clusters of 19 UCQ rods. 

The descriptions will be presented in HW-71214. Detailed 

The 

Rough drafts of the general descriptisn of the tests and of an experiment to 
study the critical loadings for this reactor and to measure the worth of con- 
trol and safety rods have been written. In addition, drafts have been pre- 
pared of experiments to determine the ratio p/l, the absolute flux per watt 
and the parer calibration, the void, pressure and tenrperature coefficients, 
and the effect of %O substitution ard the fuel. 
fuel, raising the moderator, taking period measurements, and physically re- 
m- the control rods frcm the core are described in the drafts. The 
latter procedure is required because the control rods leave cadmium in the 
reactor unless the rods are physically removed and some of the experiments 
will be done in the Critical Facility with all ?he cadmium removed. 
of these drsfts have been circulated to members of the PRP-CF plaaxxing group 
for comments and the rest will be circulatsd in the near futlire. 

Procedures for adding 

Same 

The introduction to the startup document and several. descriptions of the 
design tests have been reviewed. 

Modifications to the hazards evaluation document have been recommended, 
These modifications affect the hazards evaluation for the experiinents which 
are planned for the first six months mer startup and in general would allow 
the facility to be used with the desired fiexibility. 

The mechanical pes of instruments which wJl be used for horizontal and 
vertical flux plots have been designed and constmction drawings of the hstru- 
ments are beinq prepared. 

Neutron SBectrum Studies 

Neutron Rethermalizatior_ in Water ami GraphLte 

The preparation of an article concening neGtron rethernalization in vater 
and graphite, was tempcrarily suspended because relatively minor, but funda- 

discrepancies were fcund in the results of the water 

cpscr 
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experjaents. 
the cdculated an& observed activation :rr?.vrses irL the watzr experiments 
(w-68389, p. IL5 1. uthousn x l.9 trzlzdj wmLS rt~imzily os considered small, 
their efftct on the u-certainties in re~L~,~d.iZZtiJIi ~ZGSS aeczion has been 
shown to be as large as 2 754. Futher, the trends could be considered a 
measure of the inadepcies of the multithe-maL-group diffusion model. 
Since verification of the model is the primary o'cJective of this work the 
discrepancy was hvestigated and two prcblems were found. 
importantp two them grmps are not sufficient to describe a three-region 
problem precisely where each region is at a different physical temperature. 
This is true eyen though the tvo mbfert regiors differ in temperature by 
only 30°C as compared to the 400% difference between the hot and ambient 
regions 
which are used in calculating reacti.cn rates, are lmge enough (k 24) to 
produce L$ trends in differences betweeq x.lc-LLated and observed traverses. 
No correction can be de for the lstter; harlever, 3 first order correction 
can be made in the spectral problem. 

The discrepancies are 2 'L$ ;=.?ads rn %he differences between 

First, and most 

seconds experimental lulcertein? fes in physlcd. temperature ratios, 

The correction has been de fc the experimznt witr rte iargest +,rends and 
has eliminated a majcr portion of the dissree.nexX. The space-energy distri- 
bution of thermal nectrons 'vas ea,lc,iLht,d .~;'cl' twc grcilps cf thermal neutrons 
but with three +,hemal grmp difr3silxi prmeters. 
rethermalization properties cf tne aL~-s',em (TW 3 thermal grsups } while preserv- 
ing, the first order, the sptial ai~trib~tt.izm cf reacticn rates (three- 
group absorption cross sections). 

This jields the gross 

Pu Burnup in Fast Spectna. Reactors 

Preparatory work is contfnGfw 50 get tke fast spectrm PQ bmc~ st.uiies 
under way. 

In order tc obtain a Setter .Yldlerstanding c% the dportant parameters involved 
in such a st.&- to get sone iBsig?iz regardirg, pl-&i3r?ium values in fast 
reactors, ANI, data eai prxe&a-es were used T;C relate breeaiag racio and 
specific pmer to fie1 loadizg ratio and R/U price ratios. 
of some rather shpie assumptiow, a frmercrk has beexz ccnstmcted into 
which subsequeE% digital conquzer resuts csn easiiy be inserted. 

On the Sasis 

The 16-g~~~ cross sectlcns cf Yiftak!, Okrent, ax!! Moiaamr have been rear- 
ranged to comply wifk. EFY inpct reqcirenerts. 
at the ament. 
formulated and is bein@ uritfecn. 

*-is 5ata is being keypunched 
A ",r;rnr=b~ code tG "e csed 13 zcx;JI;'1ctim with HFN has been 

Effects of NecTros Specsra cn P; Bura-q 

. In order to obtaitz sme insight 00 the aeed for irradiation experiments in 
neutron spectra ctaZpr fhm that asrsiiable in PRTR9 two FE fuel compositions 
were subJected t.0 bxz.-c-> .seer a -iariet,y c?f aectron spectral conditions using 

MELEASER. 
17.12$ E-2409 l5.&$ p2-24ij LE. S.58& pi-242. 
the second cysie cvt?c;t. of EL Bwfi l~sing Sat,ch US35 enriched Pu recycle, 
csndlitions were specf.rai. ~~riw- sf 0.07 aa 0.30 30th coastant and varied dur- 
ing EKFGS-LR. 

The zzqcsitzon~ were 95$ PU-239, and 5% p2-24C; and 61.0% Pu-235, 
The latter composition is 

The 

Ti% 0,)O Gzstan% spectral idex cases were ma at a neutron 
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temperature of 130°C, 47OoC, and 1000°C. 
ferences in the bumup characteristics for the variaus spectral conditions 
and indicate that experiments over a range of neutron spectra could provide 
useful data for chec_kinn burnup analyses if sufficient burnup data such as 
exposure, isotopic canposition, reactivity changes, and neutron spectral data 
are obtained from the experiment. 

The'analyses gave significant dif- 

code Develupment 

KEmAGER 

Revision8 in the MELEAGm code include provision to maintah a step-wise 
constant reactivity by varying ~PV. 
are accompanied by changes in the nm-fuel macroscopic absorption cross sec- 
tion; this follows fran the assumption that moderation changes will be accamp- 
lished by addition or subtraction of the original moderator rather than change 
in moderating medium. 
Is controlled by the following equation: 

Changes in slowing dam paser (SIW) 

The change in n0n-W macroscopic cross section (SNF) 

rn = A + B (1.0 + C SDPV-SDPVO) 

mPV0 

where 
'original SDPV 
current value 

macroscopic cross section 
fuel element cladding 
macroscopic cross section 
moderator for the initial 
a constant to correct for 
peaking in the moderator, 
in peaking 

associated with the 

associated with the 
SnPV 
changes in flux 
1.0 = no change 

The RBU basic library revisions and corrections were campleted and a new 
library is ready to be distributed to Hanford cross section users. 

Several critical mass experiments (both uranium and plutonium systems) have 
been simulated for REU. 
program before more ccxnplex and time-consuming problems are considered. The 
difArsion program seems to predict a high reactivity on the I?PR-PCTR experi- 
ment but the results have not been completely reduced as yet. 

The experimental results are to be matched by the 

The Hanford Critical Mass Laboratory contributed several experiments to be 
verified, and assistance will be given to future experiments done by the lab 
from RBU. 

G2 Nuclear Data Tape 

In order to increase the usefblness of the ANPD program G2, a one-dimensional 
its 19 level data tape 



has been written and debugged. 
tonium isotopes to the tape using the REU basic library as a source of data. 

The qdatir-g program will be used to add plu- 

€rEr r - 
Program HHI to calculate the eigenvalue and fluxes for a heterogeneous reactor 
is being revnmped in an atteqt to get more accurate answers to PRTR Pu load- 

I- ings * 

It was decided to change from two-group diff’uion theory to age-diffusion 
theory, following more closely the HERESY program of TRG. 
over a mistake was found in HJE which could possibly account for the 3-4$ 
inaccuracy encountered. 
decided to continue it and to evaluate the effect of the original error via a 
caparison of matrix elements. When completed the HFT code will be nearly an 
exact replica of mESY. 

During the change- 

Since the changeover was nearly completed, it was 

Nondestructive Evaluation of Uniformity of PuO;, Distribution in UQ 

Methods of fabricating FuCQ-U@ fuel rods with 0.5 w/o Puo;! (140 mg of 
F’u% per lined inch of 1/2 inch diamter rod) are being developed in PFDO 
(Plutonium nels Development Operation). A nondestructive means of measuring . 

the holmogenity of Puo;? in the rods is required. 
has been made of the sensitivity and techniques of the reactivity coefficient 
method using the TTR. 

A preliminary investigation 

The results are favorable. 

Critical and subcritical methods have been evaluated with respect to sensi- 
tivity and time requirements. 
(-180 mg) was exposed to the reactor neutron flux in a 1.125-inch-long window 
of a cadmium tube which was coaxial with the core of the TTR. 
centered in the reactor. 
and well up into the cadmium tube were measured and yielded a sensitivity 
of 0.0063 f/mg of $35. Or, in terms of fuel rod evaluation, a 7 mg varia- 
tion Puo;! content in one inch of rod can be measured to f 1.5 mg. 
tivity and precision meet the tentative requirements of PE’DO. 

For the critical method, a sample of $35 

The window was 
The reactivity coefficients of the sample in window 

This sensi- 

The subcritical method is essentially a differential multiplication measure- 
ment which is made at a 
of the system due to a change in fuel mass is measured in terms of a differen- 
tial ion current from a neutron sensitive ion chamber. 
tivity was 
equivalent to 0.05 x 10’ 
The current level may be within the noise level of the system so preparations 
are being made to measure the noise level. 

of 0.95 to < 1. The differential multiplication 

The measured sensi- 
amperes13er 180 mg of $35 at a of 0.99. This is 

amperes per mg change in Pu% per inch of rod. 

The two methods differ significantly in their respective time requirements. 
Each critical measurement requires a minimum of twenty minutes while the sub- 
critic&. measurement can be made in one minute. 
dependent upon the mean life of fission neutrons. However, in the subcritical 
measurement the time is proportional to the multiplication which can be varied 
over a wide range. 

In both cases the time is 

The preference for one method Over the other is dependent in part upon the 
extent of the testing desired. 
tion of their reuuArume&$,.l, This is due to a lack of knowledge of the 

PFDO has not, as yet, made a concrete specifica- 
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sensitivity and time requirements of a satisfactory method of testing. 
information which has been obtained in these prelimiw investigations will 
be presented to PFDO for their evalmtion. 

The 

Instrumentation and Systems Studies 

Advice and assistance was rendered to FRTR instrument personnel concerning 
a new DC anrpllfier circuit proposed to drive recorders for a parer test. 
A connection circuit' diagram was prepared concerning a process room scintilla- 
tion detector and cabling to the 200-channel analyzer in the PRTR Control Room. 

Recammended extensive circuitry changes for the PRTR Fuel Failure Monitor are 
continuing to be made in the system. 
required to complete these revisions. 
tested to determine if further modifications are needed. 

It appears that anather month will be 
The system will then be extensively 

The transistorized, one-microsecond scaler and electronic timer recently 
dwelqed ?or the Critic& Facility have continued on test this month with 
no apparent component failure. 

The four-transducer, ultrasonic probe assembly for use in measuring the wall 
thickless of the PRTR process tubes is nearing the point where mochp evalua- 
tion testing can begin. Out-of-tolerance dimensions of the commercial trans- 
ducers has necessitated a trim-and-shim shap process in order to obtain 
proper transducer contact with the tube walls. 
encountered in obtaining suitable spring material fran which to fabricate 
the leaf springs which hold the transducers aqainst the tube walls. 
corrosion-resistant material is rewed which possesses springing properties 
approocimating those of spring steel. 

Difficulty has also been 

A 

A recording of PCTR neutron flux was made to test eqyipment changes made in 
preparation for the PRTR noise test and to determine the effect on neutron 
lifetime of a new lattice configuration at PCTR. These data are scrrently 
being processed, 
be required for the PRTR noise test. The xninbm critical flux has increased 
by a factor of approximately one thousand since the earlier tests were made. 
Noise measurements at this level will reqpire the use of a chamber which will 
saturate at this flux level for a reasonable value of chamber voltaqe. 

It has been determined that a new ion chamber design will 

A new mathematical mdel of the PRTR Gas Balance system is beix derived in 
an attempt to better study the stability characteristics of the system. 
model may provide a Setter mderstanding of the physical characteristics and 
answer scope future questions arising about this system. 

This 

PHOENIX FUEL 

ARMF- M!lX Ecperiment s with Plut onim Fuel 

TWO Pu-A1 samples have Seen irradiated in the MCR. 
part of the eriment to study the reactivity lifetime of Pu-A1 fcels as a 

Pu240) has been measured in the ARMF and the reactivity measurements on the 
second sample (27.2 w/o P2240) have begun. A third sample (16.3 w/c PG~~@) 

These irradiations 8re 

mction of PU =T 40 content. The reactivity of one of the samples (6,2 w/o 



will be subjected to reactivity measurements c\/ 4 hms after 
MIIR. Reactivity measurements will be &e at selected times 

shutdam of the 
thereafter until it 

1s reloaded inti the MITIi. 
csused by the Suildup a,ad decay of fission products will be studied. 
purpose of the measurements is twofold. 
check on calculationa3. techniques. Secondly, they answer the more practical 
question of what the waiting period should be between discharge fromthe MTR 
and measurement in the ARMF to insure a constant reactivity during the meas- 
urement. 

In this nay the reactivity effects which are 
The 

First, the measurements Aupish a 

A letter has been sent to the representative at the XCR site. 
describes the frequency of measurements for the transient study and the method 
of cutting and counting Co-A1 wires. The wire is 0.040" in diameter and con- 
tains 0.1 w/o Co in AI.. 
irradiated in the XCR and is used to determine the integrated exposure of the 
sample e 

This letter 

The wires txre mounted neap a sample which is being 

Use of Phoenix Fuel for Capact Power Reactors 

The first phase of an investigation regarding the possible use of Phoenix fuel 
for compact, water moderated parer reactors has been completed, 
document, aW-71279, "The Use of Phoenix Fuel for Capact Power Reactors," 
has. been issued 

An informal 

-ON FLUX MONITORS 

Investigations of sample experimental Pu-nuclide foil prepration methods con- 
tinued. 
would be the most suitable foil preparation method for use in later irradia- 
tion experiments. 
than titanium for the capsule for use in hot graphite. 

Further theoretical work showed that a mixture of 1O:l of $34 and $35 
could result in a long life in-core neutron detector with near att 
of secular equilibrium of $35 burnout equating to buildup from $3 . Cal- 
culations showed lifetimes to f lo$ and f 24 for three years and 16 months, 
respectively. 

detector lifetime by reducing the effective flux in the l/v region of the 
detector; howeverS this would lead to production of a spectral-dependent res- 
ponse which might be detriment& under certain reactor operating conditions. 

It was determined that a colloidal suspension of Pu in a carbon matrix 

In addition, a new metal alloy was determined to be better 

stment 

to 50-mil shield of $3 % could be employed. This shield would enhance the 
To reduc the epithenaal resonance effects of $34, a 10- 

Continued theoretical and cmputer studies were made concerning the lrmlti-Pu 
nulcide detectors of the Phoenix or breeder types. 

A number of possible neutron reactions were considered for feasibility in the 
microwave neutron flux monitor study. Additional improvements also were made 
in the experimental equipment. 

NOmDESTRUCTIVE TESTING RESEARCH 

Electromagnetic Testing 

The theory of the proposed multiple-parameter eddy current device for detect- 
ing and identifying small individual parameter excursions has been confirmed 
* .L .a& 
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by laboratory measurements in which the test specimen was represented by an 
electric circuit having four inductively-coupled meshes with pravisian to 
change the series mesh resistances. 
the method for Identifying shultaneaus maU parameter changes. 
are now being analyzed. 

The method being used to check the proposed principle of operation Is a cm- 
bined experimental and analytical approach in which the desired transformstion 
of the measured eddy current test sipnn'l into parameter values is done by 
calculation. However, the required transformation hss been instrumented and 
this section of the proposed device will be tested &. 

Measurements have been made to test 
These data 

Heat Transfer Testing 

Operating experience with the new 314 Building fuel element hest transfer 
testing eqpipnent has shown that several added features we needed. 
are a circuit to synchronize the print frequency generator in the model 1003 
heat transfer mapping system (described in previous reports) with the infra- 
red chopper frequency, and a motion detector which will cause interruption 
of the heat source when the scamhg lathe is not in motion. 
prcrvide these functions were developed and axe nm being installed. Gain of 
the mapping system iaput amplifier was larered to improve stability. 
result of these changes should be'hnqrwed heat transfer est sensitivity, 
reproducibility, and ssfety . 
Calculations indicate that sensitivity of heat transfer testing to core- 
cladding bonds in Zircalay-2 clad ceramic fuel elements should be between 
that for altrminum-clad and that for mcaloy-2 clad uranium fuel elements. 
A request for Zircalay-2 clad Uo;! fuel element samples containing known 
defects has been sent to Ceramic ms Developtent, HLO. 

These 

Circuits to 

The 

Zirconium Eydrlde Detection 

An atten@ was made to detect differences in ultrasonic attenuation between 
hydrided and non-hydrided zircaloy-2 samples. No differences greater than 
those due to normal testing variations could be detected under the present 
testing conditions. 

Tests indicated that X-ray diffraction analysis is sensitive enOugh to 
detect 300 ppm hydrogen in ZFrcaloy-2. 

Saqles contalning approximately 21, 100, and 500 ppm (by weight) hydrogen 
were ultrasonically tested by Testing Methods, FPD, by continuously vary- 
ing the frequency from 25 to 42 megacycles at both room temperature and 
-196Oc, and by vaxytng the frequency between 17 and 22 megaycles at +lOO°C. 
The ultrasound was applied in bursts travelling longitudiaslly aloqg the 
SBmples, which were approximately sfx inches long by two inches wide by 
one-fourth inch thick, and amplitudes of subsequent reflections were canpared 
to determine the magnitude of absorption. 
this manner at fixed frequencies of 2.25 and 10 megacycles at room tempera- 
ture. 

The samples'were also tested in 

attenuation differences that might have existed between 
e masked by variations due to standard coupling variations and 

a- -#- .. \Zj\3@J I 



differences in grain size and other structure factors. 

Wrcaloy-2 samples containing 4g9 300) and 5000 ppm (by weight) hydrogen 
were submitted to Physical Metallurgy, HI,€), for X-ray diffraction analysis 
with their equipment. 
obtained fraszl the 300 ppm sample. Interference between a diffraction peak 
for zirconium and the strongest gamma hydride peak obscured the results in 
the 5000 ppm sample. 
X-ray analysis might be applied to nondestructive detection of hydride in 
Zircaloy-2 reactor tubes and corrosion samFles. 

Development began on a probe for tke simltanxus measurement of Hall coeffi- 
cient and resistivity by inductive means, 
Wrcaloy reactor pressure tube, it would be useful for detecting localized 
hydride concentrations in excess of abmt 1000 ppm hwogen by weight. 
design of mitable test coil configurations appears promisinge 

usAEc/AECL COOPERATIVE PROGRAM - Nondestribstdve Testing of Sheath Tubing 

Standards Devel went 

Samples of tubing with electro-machioed notches were partially evaluated 
as described later. 
deferred pending results of these tests. 

A strong indfcaticn of gamma phase hydride was 

Further studies are underway to determine whether 

If this can be done within a 

The 

Preparation of additional trial standards has been 

Pkductian Tester Develoment and Evaluation 

Methods are needed for ccplrparing the response of supposedly identical 
transducers. One possible procedure is described in ASTM Specification 
E-127- 58-T, "Tentative Recommended Practice for Fabrfcatinq and Checking 
Aluminum Alloy Ultrasonic Standard Reference Blocks". 
tudes of signals reflected from smooth ball bearings are measured as a 
function of ball diameter. 
and ball positions yields information regarding the iiLtrasonic beam geometry, 
energy distribution in the beamp anil instrument system linearity, 
relationships were experimentally determined fcr a 0 .?5-inch-diameter9 
ten-megacycle, point-focused, lithium sulphate transdwerg used with an 
Lmmerscope 

In this, the appli- 

Analysis of the response for variotzs ball sizes 

These 

Techniques for the direct imaging of uitrasor9c beams also would be highly 
usem for canrparing transducers and investigating ultrasonic behavior. 
Very encouraging results were obtained fran preliminary experiments with 
schlieren imaging. 
visually by the schlieren method which detects the slight deviation of light 

due to pressure changes in the ultrascnfc beam. 
refined to determine applicability of this method for study of ultrasonic 
beam geometries 

An ultrasonic beam in water was readily observed 

The optics system is being 

Modifications were made to obtain more accurate positionillg of the mechanical 
manipulator developed to study the ultrasonic response as a function of defect 
orientation in flat and curved plates, and in short lengths of tubing. 

A new reject circuit was developed for the Lmmerscope instrument, 
circuit is less sensitive to noise aad also maintains a rejection level which 

The new 
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is more independent of the rotational speed of the tube being tested. 
transducer holders with built-in tuning coils also were fabricated. 
about double the gain and will ald in obtaining maximum sensitivity fram 
the Dmerscupe. 

Two 
These 

Ultrasonic responses were determrined as a function of the orientation of 
electro-machined notches of various sizes in both the inner and outer sur- 
faces of tubings. 
remains to be fully evaluated, several observations were made for this parti- 
cular test system and this particular set of artificial discontinuities. 
a cylindrical tranaducer oriented parallel to the tube axis, the response 
increased almost linearly with increasing length of longitudinal defects 
until the defect length became canparable to the beam width. 
defect test was insensitive to a defect which was at an angle of 20 degree6 
to the tube axis. 
for defects not oriented at 90 degrees to the tube axis. 
relationship between the defect and the tube surface had a lesser effect on 
ultrasonic response. 

Although the general applicability of these results 

With 

The longitudinal 

WkaJise, the trsnmerse test sensitivity decreased markedly 
Vazying the mar 

Fundamental. and Theoretical Studies 

The literature survey af experimental and theoretical work in ultrasonic test- 
ing of thin components is nearing conrpletion. 

Aversatile laboratory test tank suitable for Iamb wave experimentation has 
been delivered. The accoqanyirg electronic system has been calibrated and 
is ready for use. Experiments with this eqpipuent will begin upon delivery 
of the transducer positioners which are expected in early November. 
and Zircaloy sheath tube samples are on hand. 

Aluminum 

PHYSICAL RESEARCH - 05 PROGRAM 

Mechsnism of Graphite Damage 

Theoretical studies were carried out in preparation for future experiments. 

BIOLOGY AND MEDIC= - 06 PROGRAM 

Atmospheric Physics 

Analysis of measurements obtained during atmospheric diffusions field trials 
continued. 
Word experiments and the first Cape Canaveral series were received from 
the Air Force. 
widths were made on the Air Force IBM-650 computer to determine some charac- 
teristics of the turbulence spectrum for the eight anemometer heights on the 
meteorology tower. 
of the wind aziauth trace on the strip chart records for the one-half hour 
duration of tracer release. 
mically to 1280 seconds. 

summaxies of wind direction variability for the 1959 and 1960 

Canputations of the wind direction variance at various filter 

The basic data were cqrised of 20-second visual averages 

Seven filter widths were used, increasing logarith- 

Attempts were made to separate the high frequency ccnaponelits of the spectrum 
from the meander freqyencies and correlate these with stability ratio, wind 

lune width. No good correlations were found. It appears nat that 

.e 



additional wind data for periods prior to and following tracer release will 
have to be analyzed to characterize the more general long-period oscillations 
causing wind direction trends during the experiments. Also, the 20-second 
average over which the basic data were first transcribed nzey have filtered 
8 sufficiently high fraction of the high frequency component of the turbu- 
lence to require rereading these records for shorter initial filter widths. 

Data srmrmnries for the first series of atmospheric diffusion experiments con- 
ducted at Vandenberg Air Force Base, California, were forwarded to the Air 
Force for -her analysis. A total of 52 field trials were included, embrac- 
ing a wide rsnge of atmospheric stabilities a.nd wind speeds Over rough coastal 
terrain. 
included. 

Several experiments conducted dwing periods of fog were also 

Concerning the rain scavenging experiments, collection of droplets during 
natural. rains continued. The purpose of these sqles is to obtain the rain- 
drop spectrum during the various periods in the history of the rainfall. 
The tedious microscope work of sizing drops and zinc sulfide tracer particles 
collected Sn the drops during the scavenging experiment conducted in August 
is nearing ccnapletion. 

B work on atmospheric tracer tecbnology, three additional Rankin CountersJ 
recently equipped with Americium sources3 were calibrated against the counter 
containing a Plutonium source that has shown sustained dependable performance. 
The calibration curves are tabled below, where M represents the mass of zinc 
sulfide in gram and C represents the counters per mincte on the Rankin Counter. 

Counter Number 

3 
4 
6 
7 

Dos imetn 

Calibration Omre Source 

The whole body counter was calibrated for measurements of potassium. 
change was found from the calibration of two yeas ago. 
lent stability of the counting system, At the same time the scanning counter 
and the shadow shield counter were calibrated for potassium, 
that the spread in results expected for different size people in the scanning 
counter is about two and one-half times that Sound in the present whole body 
counter. This is disappointing and is mt entirely consistent, with previous 
data. The shadow shield counter was found to be about thirty percent less 
sensitive, but the spread in results expected for different size people is 
less, than the present whole body counter” 

No 
This indicates excel- 

It was found 

Most of the annual maintenance for the positive ion accelerator was completed. 
A new accelerator tube was installed in hopes it. might reduce sparking and 
energy instability. No reduction resulted. The accelerator operated satis- 
factorily during the rest of the month. 

Careful tests were made of some recently purchased aluminum wall BFj counters. 
The were found to have good resolution and the effect cf gamma radiation was 
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quite sm8J.l. 
and the counters were judged unacceptable. 

However, the counting rates were observed to change with time 

Analysis of sane inverse square measurements with a precision long counter 
indicated the need for more accurate counter deadtime corrections. 

The calorimetric measurement of the half life of Sb-I24 is continuing. 
Present results indicate a half life 0.s longer than estimated last month. 
This may indicate the presence of a short half life contaminant. 

A fifty gram plutonium source was put in the calorimeter. 
ments of the parer output indicated values about ten percent higher than 
expected frcmn the amounts of Pu-239, Pu-240 and Pu-241 present. 
ledths percent of Pu-238 could account for this excess power. 

Initial measure- 

A far hund- 

Calculations continued on corrections to be applied to ionization chamber 
measurements within contaminated tissues ., 

Radiation Instruments 

A second consecutive month of satisfactory operation was obtained on the 
experimentsl prototype coincident-count alpha air monitor. 
are being obtained, and the only difficulties have been with the recorder 
strip-chart drives. Experiments and calculations now indicate the system 
will satisfactorily and reliably alarm in about one hour for a contin;ruus 
Pu239 alpha air concentration of 2 x pc/cc (10 MPC)) even with abnormally 
high radon-thoron concentrations. 

Good test data 

Fabrication continued on more experimental (two of each type) prototype pocket 
dosimeters which use modified pencil ionization chamber detectors and transis- 
torized circuitry. One unit gives an audible alarm after accumLation of 
a preselected dose and the second unit registers one digit on an incorporated 
miniature register for each 10 mr of dose accumlated. 

The experimental prototype background suppression beta-gamma combined hand 
and shoe counter, clothing monitor, and background recording system operated 
successfully for the second consecutive month at 105-D. It will now be moved 
to Pur= for f'urther demonstration. Complete Hanford drawas for the cir- 
cuitry and detector probes are being prepared for use in obtaining 12 instru- 
ments for use at NPR. 

- 

Complete electromechanical drawings were prepared of inexpensive probes for 
use in alpha-only, beta-gamma only, and combined alpha-beta-gamma hand and 
shoe counters. The probes incorporate thin wall aluaiaurn shells (housings) 
of effective area sizes of % x 7* inches and k& x 12 inches for the hand 
and shoe coverage, respectively. 
for the alpha-only and beta-gamma only caters; however, for the combined 
Upha-beta-gnmmn counter, the thin wall housing is poured f'ull of a special 
clear plastic which is then slowly hardened at 145OF. This method completely 
eliminates the expensive machining previously used for the original Lucite 
light pipes. For a six-probe, combined alpha-beta-gamna instrument, the 

Only the internal air light-pipe is needed 

method can reduce the gross instrument cost by $800 to $1000. 
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Mcdification and development effort continued concerning the 
Radiotelemetry %stem. A new scheaacic drawing was prepared 

Atmospheric Physics 
for the data 

station chassiso- A new slip ring assembly was designed, fa3ricated, and ins- 
talled for use with the generator-to-twer pmer transmission circuit. 
addition, agreement was obtained for the purchwe of 12 aew vind-driven batterJ 
charger generators of a satisfactory type. A new battery charger regulator 
was designed to prevent the generator shorting relq from destroying itself 
by continuous cycling. 
for all generators in the field. 
held with CPD maintenance personnel concerning the radiotelemetry system in 
an effort to improve mahtenance. 
Area to provide better UO VAC line pwer quality and to permit the obtaining 
of better meteorological data. 

In 

Drawings were prepared for fabrication of the item 
An explanation and orientation class was 

One data station was relocated at the 100-F 

weriments continued concerning circuitry and probe development for the proto- 
type scintillation transistorized combined alphas beta, gamma hand and shoe 
counter. I5E-102 terphe~~-fi-polyvinylt~luene sheets 0,010 inch thick were 
installed in the hand and shoe probes in @ace of the 0.065-1nch sheets wed 
for beta detection. 
was affecting the alpha channel sensitivity; the excellent beta-detection 
abilities were retained. 
detecting ZSS on the 0.010-inch-thick NE-102> the alpha-channel backgrcund 
count averaged 1.35 per 15-second comt period, wuc a standard 500 d/m 
Pu239 suuce, distributed mer a 4-by-8-inch area produced an average of 22.5 
counts per 15-second period. This is an excellent signal-to-backgrcud ratio 
of nearly 17':le The rest of the modification effort should now proceed qpite 
rapidly. 
scalers for alpha-channel readout. 

This essentially eliminated the background counting that 

In a series of counting experiments with the alpha- 

New transistor circuits, with discriminators, were used to drive 

Experiments were started to use tunnel diodes for low-level pulse integral 
discriminators, wherein the tunnel diodes are directly driven by the ancde of 
a phototube. The discrimination level is adjustable. 

Discussions were held with Biology personnel r-oncemhg later develcpment 
work on a radionuclide monitor for hogs; moving than into the Biolqy Total. 
Body Monitor is considered risky because of" the activlfy levels involved. 
In addition, sane. discussion concerned a special Seta scintillation counter 
for low-background detection work, 

A new transistorized miniature alpha monitor ins3runent using a OO?5-Fnch- 
diameter silicon surface barrier diode detectDr was completed and is being 
tested 

A pulse-triggered semiconductor tone-generator circuit was develcped and an 
invention report was submitted. The unit drives a miniature weather- 
proof "howler" unit using four transistors. Temperature tests frm -lOGF 
to +150°F were satisfactory. 
type portable transistorized GM instruments which are am being modified. 

The circuit will first be used in two proto- 

Circuitry development was cmpleted for a new type of transistorized scin- 
tillation portable alpha "poppy" instrument to replace the Dbsolete vacuum 
tube model. 
and the second will employ the pulse-triggered tone-generator circuit. 

One experimental unit will use standard headphone indication 
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Alternate proposals and cost estimates for a date acquisition system were 
developed for the Atmospheric Physics Operation. 
information are to be recorded for about two hours, with a frequency response 
of at least one cps. 

Sixteen channels of 

The data are to be processed by the IEM-7@0 camputer. 

UASHIEGTm DESIGfpATED PROGRAM 

Isotopic Analysis Program 

Isotopic analyses were provided for program samples accordiaq to goal schedules 
during the month. 
uranium atandsrd samples prepazed by the national Bureau of Standaxds and 
previously mass analyzed at KAPL. 
ment failure. 
part to the failure of the laboratory air conditioner which has been out of 
service for aver three weeks. 
been campleted as yet, presumably because of delay incurred awaiting replace- 
ment pes. 

In addition, twenty analyses were made on eight special 

Four operating days were lost due to equip- 
These and other operating difficulties were due at least in 

Rep& of the air conditioning unit has not 

TEST REACTOR OPERATIONS 

Operation of the PCPR continued routinely except for a two-day maintenance 
outage. 

The properties of tube-in-tube fuel in a 145inch graphite lattice were 
Investigated. 16, wet and dry, f, p, and E measurements were ccnrpleted. 

There were no unscheduled shutdowns. 

A series of foil normalization irradiations was coxyleted using plutonium- 
allrmintm! cluster fuel elements in le, 8-3/8, and 6Tinch graphite lattices. 

A temporary graphite column roughly 3' x 3' x 3' was built on the top of 
the PCTR. This represents a great improvement in fission foil counting. Be- 
viously it had-been necessary to irradiate normalizing foils rn the TTR them 
column simultaneously with the PCTR core irradiation. One series of gold foil 
irradiations was made to determine whether a cadmium shutter is needed between 
the PCTR and the thermal column. 
sults are available a permanent column will be designed and built. 

The data are being analyzed. When the re- 

The face speed control was modified to extend the minimum closing speed 
range (3 inch/minute) fran 3 inches to 4 inches. 
margin of safety, should the reactor reach criticality while the face is 
closing. 
time required for a complete face open-face closed cycle. 
required that the face open to 4 inches at slow speed in order to close for 3 
inches at slow speed. 

This provides an increased 

An improved switch mechanism minimized the increase in the total 
The original design 

The improved arrangement has only a 0.2 inch overlap. 

An improved, more accurate coarse face position indicator was installed. 

The PCTR Hazards Report is being revised to reflect our current philosophy 
of operation and safety. 
would occur in the PCTR reactor room during an excursion if the reactor were 
not shut dam until the R-UQ driver elements were vaporized. 
cause about 103 x 1018 fissions in the Pb-UQ. 

A calculation was made of the pressure rise Qhich 

This would 
In such an event, the reactor 

would increase to about one and one-third atmospheres if all the 
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gases were contained in the reactor rooni. 
withstand this high a pressure, md a seal rupture wotlld undoubtedly occur. 

The 'reactw room seals will not 

It can be 

reactor room. 

ed that about Dce-fourth of the fission products correspond- 
fissions would be released almost immediately from the 

Operation of the TTR continued during the month with no unscheduled shutdams. 
An extended series of reactivity measurements was made to investigate the 
feasibility of using the TTR to measure the uniformity of Puo;! distribution 
in PuQ PRTR fuel elements. A practical but somewhat time-consuming method 
appears to be available. 
critical reactor method. 
tion improvements to give conparable sensitivity. 

Some preliminary work was done in exploring a sub- 
It is potentially faster but requires irrstnunenta- 

One set of fission foils was irradiated in the TI3 thermal column sbiltan- 
euusly with the *radiation of fission foils in the PCTR core. 

The 'ITR facilities and one qualified reactor Gperator were made available one 
evening per week to the Uhiversity of Washington Graduate Center for a 
Ruclear Engineering Course, 

CUSTOMER WORK 

Weather Forecastinn and Meteorolonlcal Service 

Consultation service was rendered on mteorological and climatological aspects 
of mpR and FEipP safeguards analyses. 
forecasts, observations, and climstological services were provided to plant 
operations and management personnel on a routine basis. 

Meteorologfcd services, viz,, weather 

me of Forecast mber Made 

8-Hour Production 
24-Hm General. 
Special 

93 
62 
1.50 

$ Reliability 

83 -2 
90.8 
84 -7 

October was a little cooler and windier, and a lot drier, than normal. Pre- 
cipitation totaled 0 .,07 inch-- just 10 Eercent of normal 

The Russian 50-megaton test registered as a vertical mark on the barograph 
trace near 0645 psTJ October 30, 
blast where has produced such an effect 

This was the first the that a nuclear 

Instrumentation and Systems Studies 

The experimental line and battery-operated Radiation Field Analyzer Instru- 
ment, designed for Biology for HAP0 field use and for Praject Chario", in 
Alaska, was completed along with all additional probes desired, and the camp- 
lete package was demonstrated and delivered to Biology personnel. 
were satisfactory. A ccmplete, detailed operation and ipstructios manual was 
prepared 

All tests 



Febrication of the detectors and electronic cirdtry for the Automatic 
Conveyor-Type Laundry Monitor for alpha, beta, and gamma monitoring was 
accelerated. 
portions of the system were extensively tested, and a new automatic load- 
ing mechanism is being fabricated. 
have been satisfactory . 
One of the two experimental prototype "palm size" dlpha monitor instruments, 
using solid state surface barrier diode detectors and transistorized cir- 
cuitry including sn aural annunciator, was delivered to Finished Products 
Chemical Technology, CPD. 

Advice and assistance were provided to Radiological Development, EO, 
concerning incorporation of transistorized air monitor circuitry developed 
here into a commercial air monitor that has a good moving filter tape head. 

A reinvestigation was started regarding packing density measurements of UQ- 
packed fuel tubes for Ceramic ETlels DevelopLent, ELO. A new proposal and 
cost estimate is being prepsred to include shielding, source, detector, all 
electronics and recording ecpipment, and a ccxnplete, automatic mechanical 
fuel rod conveyor system. 

Fabrication continues in the 328 shop on a special line-operated transistor 
circuit to be used with air-proportional. alpha-detecting probes. 

The mechanical loading, unloading, and contaminated drop 

All circuit and detector tests to date 

It performed satisfactorily. 

. 

Calibration of micro-dfspiacement readout systems to be ued by Physical 
Metallurgy Operation for in-reactor creep measurements has continued during 
October. 
third generation creep capsule has been incorporated into the reference 
system and calibration is about 56 cmpleted. 
calibration of the three-range (second generation) transducers are still 
undergoing statistical analysis by Operations Research and wthesis. A 
fully automated computer program is being set up to produce the requbed 
analysis with a single c@m-puter operation and thereby eliminate the tedious 
maaual operations used for previous data. 

The cconpleted prototype model of the Panellit-Heise gage readout device has 
been tested by Office Procedures Operation in the 700 Area and in trial opera- 
tion in the 105-rn Building. After initial bspection by reactor operation 
personnel, several small modifications were made: 
installed to dispose of the tape pnchings, and a zero index mark was placed 
on the remote-gage readout-bax Panellit simulators. 

A transducer (O.03O-inch range) of the type installed in the 

The data taken during the 

a disposal pipe was 

A work order was obtained frm mels Preparatian Department for assistance 
in testing and determining proper procedures for operating the autoclave 
vessels. 
to auxiliary control equipment before a decision on the procdures and con- 
troller ad.justments for the various autoclaving operations could be made. 
Recommendations for detailed modifications to the auxiliary equipment are 
in preparation. 

A "C" column sbulation study has been initiated by the Czlemical Development 

Preliminary tests shared that several modifications should be made 

HLO. It will consist of an attempt to develop a satisfactory 
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mathematical model sf a pulse column use3 in chunlc9.l separations. 
possible mathematical models have been deri7'ed- and the mdog computer 
study will be designed to determbe the chemical constants necessary to 
give the best fit of each of the models tc givm expermental data, 
results of the analog work will be used to determine which, if anyJ of the 
models will most nearly describe the operatioa cf a pulse column. 
tive analog circuits for the models were designea this month. 

A "data acquisition task force" was organized at the request of the Con- 
tract and Accounting Operation in an attempt to stsndardize the fom in 
which automatically-recorded data are sent to ELectrcnic Data Processing 
Operation. 
sentative. 
on the coding and format to be required of perforated paper %ape to be trans- 
mitted to Tl.3 Building for data processing, 

Three 

The 

Tenta- 

Go Eo Driver is the Instrument Research & Development repre- 
In two meetings on October 5 and 26, the grwp reached agreement 

Development and testing were ccmpleted OB a paper cape readmt for a device 
which measures the dimensions of NPR fuel elemer%s. Tne instrument Is 
being fabricated. The ccdFng and famt cf the perforated tape are in 
accord with the above-mentioned requirements, 

mtics 

During the period October 1 to October 29, 408 manhms of shop work were 
performed ., This included: 

1. 

2. 

30 
4. 

5. 

6. 

8. 

9. 

70 

Fabrication cf qurtz plugs fcr dilstanaeter equipment in the 
234-5 Buildingo 
Fabrication of the Mark I1 traverse mechanism. 
Repair of two borescope sections for Irradiation Testing aeration. 
Lapping one quartz crystal for high freqpency ultrasonic work for 
Testing Methods, FTDe 
Repair of one borescope .and one Ioicroscope fw Reactor Plant Engi- 
neering, IPD. 
Fabrication of l!V lens covers fclr 

Assembly of an underwater viewer Pcr the PRCF. 
Repair and modification of one borescope head frJr Structural 
Materials Development, HLO. 
Repair of oae camera iris dlaphagm for Radicrmetallsrgy. 

Testing continued. at a hi@ level. A total of 
6,974 items, t0taJ.W 13g937'9 feet in length, 
to represent the greater part of this fmtaqe. 

Test work included: actcrlavfng; borescopmg; 
(micrmetric ; eddy curent ; failure analysis ; 

ll, 335 %est8 were made on 
!llib-iLw products ccntinue 

dimensional measurements 
magnetic particle; mechanical 

tests (flattening, hardnessS and impact >; me+,allograp'ay penetrant (fluores- 
cent OD and ID); radiography (autoradiography, gamm.a-ray, and x-ray); stress 
analysis; surface treatmect (mine cleaning, pickling frJr autoclaving, 
steam detergent cleaning, ultrasonic cleaning, and vapor degreasing); and 
ultrasonic (flaw deteczion and thickness measwements). 
27 organizational components representing most cf the operating departments 

work was done for 



and service organizations at HAPO. 
on general testing theory .md applications. 

Advice was given on 69 different occasions 

Work proceeded routinely towards finishing the testing of the remainhg NpR 

pressure tubes. Principal effort is now centered on conditioning and testing 
of ID surfaces. Satisfactory operation of the Vacu-Blast statim now per- 
mits work on many of the tubes previously on a hold basis. 
detector was developed and installed for monitoring the Vacu-Blast process 
for uniformity. 
examination. 

A photoelectric 

Use of this system precludes the need for an extra borescope 

Four PBTR spare pressure tubes are ready for the straightening operation which 
will make them mailable for reactor installation. The eleven tubes pickled 
and autoclaved, of which the four are a part, have demonstrated satisfactory 
oxide film fonastion with the existing NPR facilities for processing. 
PRTR pressure tube testing and treatment will be integrated with the remain- 
ing NPR tube work. 

Further 

Pickling of the PRTR Rupture Loop tubes cannot be accomplished in the same 
manner as pickling the PR!l!El process tubes because of the reduc- section in 
the tube. 
prmote staining, To alleviate the trapping of gas, the tGbe will be turned 
end-for-end so the gas will dispel frathe large section. 
to process in this manner has been fabricated. 

Field radiography utilizing X-ray and genrma-ray ecpipment was conducted at 
the following sites: 
ing. A considerable number of fluorescent penetrant tests were made including 
examination of broach nozzles, Tru-Arc retaining rings, pump impellers, 
expansion Joints, and pew front face pigtails for the reactors. 
particle examinations were conducted on inlet thimble components. 
measurements were taken on the rear face of 10.5-C reactor. 

The abrupt diameter chsnge would trap gas during pickling and 

Adapter equipment 

309 (PRTR), 100-N, 277-W Shops, and the 1706-KER Build- 

Magnetic 
Stress 

In the 300 Area testing labs, the receipt of fuel element sheath tubing has 
not kept up to schedule; as a consequence, tubing output averaged enly about 
50 tubes per week. 
accumulated, as planned, to allow the prFmary tube tests to be completed 
f Frst e 

A considerable ultrasonic testing backlog is being 

The Physical Me&ast;rements Operation 40-kilowatt plasma-arc-jet heat source 
in the 314 Building was successfully used in 265 tests tG determine heat 
transfer properties of canned fuel elements. 
different nozzles, distances, amperages, and techniques for masking the elements 
with tqera paint. 

Experiments were conducted with 

An ultrasonic thickness measurement program was started on Wired pressure 
vessels in the 309 Building, and on the sand separators in The 382 milding. 
Radiographic work on the non-isathem loop constluction passed the 6O$ 
cmpletion mazk. Radiographic examination assistance was prwiaed on short 
notice mer a two-week period to help prepare capsules fcr in-pile testing. 

Extensive work was done on an emergency basis on NPR primary loop piping at 
the request of IPD. Two phases were involved, representing two different 
fabrication procedures, The work included both field testing at the HUXCO 
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shup at Pasco and laboratory work in the 300 Area. 
included: 
weld; cqlete ultrasonic examination, including shear-wave testing in 
the longitudinal (two 6ide4 and trarrsverse (two directions) directions, 
and longitudinal wave testing; and fluorescent penetrant testing of all 
available weld-end preparations. 
X-ray exemillation at angles ranging from 0 to 40 degrees in 5-degree 
steps, utilizing 250 KV, 300 KV, and 1 MeV radiation; ultrasonic testing 
utilizing shear and longitulhd. wave examination; fluorescent penetrant 
testing; and sectioning and macro-etching. Additional development work 
was done in the following areas: adapting the ultrasonic test for this 
application; preliminary tests utilizing slit radiography to prwide a pro- 
duction method; and trial exposures on the 234-5 Building One-Mev X-ray 
generator. Radiography did not successfully resolve the inherent discon- 
tinuities in the pipe welds. Correlation tests on the ultrasonic testing 
are not yet cmpleted, but considerable difficulty is anticipated because 
of minor laminations occurring in the base metal adjacent to the welds. 
Sectioning work and macro-etching did disclose small inter-granular cracks 
in the weld metal. from samples of both fabrication methods. 

Testing in the field 
continuous X-ray examination at 20 degrees on both sides of the 

Testing in the laboratory included: 

The reactor Parker fitting test was successfully applied under actual reac- 
tor conditions. 
rejectable signals were observed* 
with future reactor outages. 

Two fittings on the lO5-m rear face were tested. No 
Further testing is to be coordinated 

ANALOG COMPUTER FACILITY OPEUYTIOI'? 

Studies 

The major anaLog ccmputer problem considered during October include: 

1. Reactor Instrumentation 
2. lJpR Secondary Loop 
3. Reactor Xenon IEffects 

Eqyipnent Operation 

The GEDA was 68s and the 
puter operations were as 

GEDA - 
106 
40 
22 
0 - 

168 

Maintenance 

EASE 8% 
f ollars : 

EASE - 
104 

44 
20 
0 - 

168 

Hours scheduled downtime 4 

Hours idle 

Hours total 

The ccanputer maintenance has suffered somewhat in October because of work 
needed on auxiliary equipnent such as recorders. 
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It appears p& of the maintenance problem may be solved if one instrument 
man were to work swing shift every other week. 
hours to do needed caquter maintenance work that cannut be done while the 
cfanprrters are aperating. 
by Fm) Dstrument Crafts Operation. 

He would then have eight 

The necessary shift agreements are being negatiated 

Evaluation tests of the Xi-Cd rechargeable batteries for portable instru- 
ments started showing failure effects after about 50 repeated charge- 
discharge cycles, the eqvlvalent. of from one to two years of usefulness in 
typical portable instrtrments e 

The experimental gamma badsground-suppressed beta-garma hand and shoe coun- 
ter (scintillation and transistorized) ccarpleted two months of successful 
testing demonstration in 105-I), and it is now being moved to Pura for fur- 
ther demonstrat ions. 

Acceptance tests were nearIy ccrapleted on 100 zero-to-600 r gamma pencil- 
type self-indicating dosimeters. The accuracies were disappointing; more 
than 25 pencils had readizlg errors of -20 to -3%. 

Canplete schematic and written specifications were campleted at the request 
of Radiation Protection Operation concerning the scheduled purchase of 30 
portable transistorized BRj tube neutrm Fnstruments. The instruments will 
employ a special miniature BFz, tube designed by Radiological Development, 
RPO, and permit we of a mch smn'ler double moderator, as originally con- 
ceived by Radlological Physics, to obtain fast neutron dose-rate infomation. 

Advice and assistance was provided to the Portable Instrument Rep& Shop 
personnel regarding adjustment and calibration of the portable battery- 
operated transistorized scintillation gannaa-energy analyzers developed by 
Nucleonic Instrumentation. A new, simplified adjustment and test procedure 
was prepared. 

Discussions were held with CPD personnel concerning various types of 
developmental, line-aperated =et3 and building scintillation gamma-dose- 
rate monitors and various types of developmental pocket alarming and regis- 
tering dosimeters and cammercial pocket rate-indicating devices. 

PF Gast :mcs 
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IRRADIATION PROCESSES 

Reactor Effluent Radioisotope Studies 

- 

Studies are continuing with the aim of devising altered reactor water treatment pr3- 
cesses to reduce the concentrations of radioisoto2es discharged io the reactor efZ9ert 

water. Recent studies indicate colloidal iron in process water may play 8 part .r. 

the film fornration and salt adsorption processes which lead to prolonged retenticn 
(and enhanced activation) of certain parent materials in the reactor. 
made to determine the effect of colloidal iron on renoval of As-76 by the high clu~ 
water treatment process. A negatively charged iroc colloid con+dining As-76 as the 
arsenate ion was prepared and added to river water which vas then treated with 29 

ppm aluminum nitrate in a laboratory scale water treatment plant at pH's of 7 ana 
6.-5. 
to =he same total concentration but no colioidai iron was added. At pH 7, greater 
rhu 94 percent of the AS-76 was reroved from bcth feeds, 
only 77 percent of the As-76 was removed frort the colloidal iron bearing feed while 
96 percent removal-was obtained on the coctrol. 
presence of colloidal iron can have a significant effect oc the removal of arsenic 
by the high alum treatment., Further study is planned to determine to what extent 
such colloidal phenonena influecce the results obtained in plant water treatment. 

On5 possibility for reducing the formation of P-32 and As-76 in reactors is to 
perLodically inject agents into the process water which will either alter the charac- 
ter of the films to reduce adsorption of precursors of As-76 and P-32 or will be sc 
strongly adsorbed themselves as to inhibit adsorp%ion of precursors of As-76 and 
P-2'2- 
experhents, 
purpo,ce. 
arsenate is reduced to about one-seventh of $hat found in a control experiment. 
tests of the effect one day after addition of tLe poisoning agent, octadecylamine 
acetate appears to be the most promising with preliminary tests indicating reduction 
of arsenate adsorption by a factor of about ;eLd 
it is planned to test this approach in reactor tube tests, 

Tests were 

In both cases a control run was made in which AS-76 ds arsenate ion was addec! 

At pa 6.75, however, 

Thus, i+, is apparent that the 

A number of candidate film poisoning ageots have been tested in laboratcry 
To date, sodium silicate has proven the most effective agent for $his 

In 
In the first 30 ainutes after addition of sodium silicate, adsoqtion of 

Pending further laboratory tests, 

. Reduction of Reactor Effluent Confaxclnatfos 

Labcratory experiments were continued to characterize the soil adsorption of radic- 
nuclides from reactor wastes, A marked reductiort in the adsorption of neptunium at 
90 C was found for 10-5 M solutions ir tap waxer eoEpsred to solutions prepared with 
distilled water. 
columr volumes when tap water was used, PepreseLticg an adsorption capcity decrease 
from 0.045 to 0.018 millimoles/100 g of soil. 

The 50-percerit breakthrough zapcity was reduced from 75 to 22 

-m.."?yp 

I23 I L: IO 



C -2 
- 

atr-715- 

A soil column removed about 30 percont of the added P-32 rather steadily for 250 
column volumes throughput. 
Sreakthrough curves nor@;ly obtained ia sdsorpticn col-ms. IC other experiments 
at least 50 percent of the P-32 in a tap-water solution was associated with a pre- 
cipitate which could 32 separated 5y centrifugation for one hour at 1600 g. The 
P-32 in a distilled-water solution was also partly colloidal as indicated by its 
inability to penetrate a dialyzing membrane. From these results it is concluded 
that at least pan of the removal of P-32 by soil c9n be attributed to flltration 
of d dispersed precipitate In passage of the solution through the soil. 

Effluent Monitoring 

Operation of the AS-76 monitor on the 107-F retention basin inlet stream was con- 
tinuous during the month except for minor shutdowcs. 
necessary to correct a deficiency ia the original scaler circuit. Tvo additional 
malfunctions were noted during *e month's operation; unreliable "reset-to zero" 
opration and a component failure in the 1000's scaling section of the scaler. 
Both malfunctions were corrected. 

me relatively constant removal is in contrast to the 

A two-day shutdown was 

Ground Water Temerature Studies 

The thermistor probe, which is sensitive to relatively small changes in temperature, 
is now used routinely to obtain periodic rneasuremects of temperatures in 100 Area 
monitoring wells. Temperature data to be collected for a period of one year vlll 
be used to prepare isothermal maps of the ground water under the 100 Areas. Such 
maps in combination with operating information should have practical application 
in evaluating the effects of effluent disposal and local ground-water conditions on 
water characteristics of reactor coolm+, intakes. 

sEPARA!rION PROCESSES 

Diluent Evaluation 

The results of a series of "use tests" on Perm 2251, a petroleum kerosene produced 
by Penn-Drake Refining Company, iodicate that it is similsr in behavior to other 
low-naphthene kerosenes previously tested. 
HNO3 - 0.05 M NaN02, 80 C) it extrac',s less fission product activity and has low& 
scrub Ez's tkn Shell E2342, a lcerosene derived from a high-naphthene crude. In a 
similar experiment, contacting the diluent-30 percent .TBP mixtures with 8 
for 24 hours at 90 C resulted ir an iccrease in density frsm 0.7694 to 0.9125 for 
Soltrol 170 and an increaee of viscosity from 2.5 to 26 centi2oise. 
values for the 2251 oil were 0.7680 to 0.8768 2nd 1.6 to k.3. 

Wher severeiy degraded ( 24 hours, 8 M 

HNO3 

Respective 

Other use tests indicate that the buildup of "do bads," factors which contribute fa 
extraction and retention of fissioc products, during chemical degradation vith 
HNO3 - NaN02 soluticcs is initially mre rapid IC Soltrol 170 than in Shell E2342. 
This trend is reversed as the severi2y of degradation is increased. After nild 
degradation (2 hours, 8 M mO3 - 0.05 M BaN02, 60 C) Soltrol 170 extracts and 
retains more fission prduct, actLstity Than Shell E23L2. 
tion (24 hours, 8 M HNO 
is 23ficdT 20 t&sla& inro PGex plant solvent behavior since it is not known 
1; zndnges in solvent behavicr are due to mild degradation of large quantities of 

After mre severe degrada- 
- 0.05 M NaN02, 80 C) the reverse is true. This behavior 
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solution. 

The solution was made up to a typical anion exchmge fezd w.2 processed tnraigh 8 

loading, scrubbing and elution cycle similar to thar, :is& in the Plrex pr,?cess. 
Preliminary results gave a ruthenium DF of greater than L50 and a prochcr of 
acceptable purity. 
cycle, believed due to reaction of residual hexone with the 7 M nitrlc acid feeci.. 
This difficulty would presumably not arise in a plact applicatTon since the hexxe 
vould be routinely stripped from the aqueous stream before acidification. 

Disposal to Ground 

The results of previously conducted soil colurcn tests showed that existing Redox 
plant cribs, with two exceptions, have estimated remaining lives for radioisotope 
removal in excess of ten years. 
laboratory and 300 Area wastes) cribs which have an estimted useful life of 3 to 
6 years. 
Redox 276-s crib is in progress. 

- 

Some difficulty with gassing vas encountered dniag the loading 

' 

The exceptions are the 216-s~-1 and 2 (Redox 

Soil column evaluation of the orgmic decant waste discharged to the 

Xm Qnerator Off -Gases 

Ser.Tles of incinerator particulates trapped in the scrubber were examined micra- 
scopically and the particulate material found to Le almost entirely less than 1 p 

neari diameter, The data suggest that the upstream cyclones are efficient for the 
larger particles. 

TRANSURANIC ELEMENT AND PISSIOI? PRODUCT RECOVERY 

Ion Exchange Extraction of Technetium and Cesium from Purex Waste Supernatant 

A second A-cell ion exchange run with as-received Purex waste tank 103-A super- 
EatEtnt was completed during this month. 
!reported last month) included (1) use of a lower flow rate, about 3.2 ml/dn, cm 
vs, 6.1 ml/min, em2; (2) use of a 0.25 M €IN0 wash following loading and prior to 

Duolite C-3, for removai of cesium. Technetium recovery on the Amberlite IRA-401 
anion column was even tetter than in the first run. Over 110 column volumes of 
feed were pumped through the column wfthcut aFpreciable breakthrough, compared to 
50 percent breakthrough at 90 column Irolunes in the first run. This improvement 
is presumably due to use of a lower flow rate and correswndingly greater residence 
time. 
six column volumes of 0.25 M nitric acid (to improve fissioc product decontamination) 
and then eluted with 8 M nikc acid. 
5 grams, was recovered in only twelve liters :2!.5 column volumes) at an average 
concentration of 0.42 g Tc/l. Decontamination factors from cerium, cesium, and 
zirconium-niobium were 190, 21,000 and 280, respectively (conpared to ruthenium 
and zirconium-niobium decontamination factors of 57 and 67 in the first run). 

Significant differences from the first ry 

elution; and (3) use of a second column; fil ? ed with the cation exchange resin, 

Following loading, the column was washed with two column volumes of water and 

The abscrbed technetium, amounting to about 

The capacity of the Duolite C-3 column for cesium was low, Although very nearly 
complete removal of cesiurc was obtaSned fron the first few column volumes, fifty 
percent breakthrough was reached after passing ocly 18 column volumes of feed 
(equivalent to 12 volumes of waste tank supenatant pricr to ,jet dilution). 

uay 1231912 
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Following loading, the column was washed with 4.5 volumes of 0.25 M HN03 and an 
eqa volume of water. 
colmm while removing only four percent of the cesium. 
was then eluted in 13 colm volumes of 1 E HN03. 
ized with caustic for loadbg onto DecaLso, the sodium-to-cesium ratio would be 
reduced by a factor of about four as cowred to the original waste supernatant 
(from a value of 13,000 to 2,400). 
in an increase in Decalso cesium capacity to 2.2 grams per liter, or 290 curies per 
iiter, compared with about 70 curies per liter for direct loading. 
laboratory work, not yet tested with full-level waste, indicates that addition of 
0.25 M caustic will increase the cesium loading of Duolite C-3 by a factor of about 
2.5 Gd that no further increase in capscity oczurs as the sodium hydroxide concen- 
tration is increased to 3 M. T6is increased capecity would result in a sodium-to- 
cesium mole ratio of -900 5 the neutralized eluate and imply a subsequent Decalso 
loading of 4.5 grams per liter, or 600 curies of casium-137 per liter, an improvement 
factor of 8.5. 

This treatment remved 84 Dercent of the szdium from the 
Ninety percent of the cesium 

If this product were then neutral- 

This reduction in sodium content would result 

Supporting 

Considerable difficulty was encountered in removing the used Duolite C-3 resin from 
the column. 
sheet tests are completed. 

Further cesium runs have been postponed unts after the promethium flow- 

Promethium Recovery 

A second peroryscetate run, similar to that reported last month, was completed at 
Purer and the promthlum product shipped to the hot cells. Although the run appeare? 
successful, based on Purex analytical data, the received solution was found to con- 
tain only 314 curies of promethium per gallon (l/5 the expected concentration) 
associated with 1400 curies of cerium per gallon. 
promethium ratio, all of the material is being reprocessed by batch-wise peroxyacetate 
precipitation in B-cell prior to use as feed in the A-cell columns. Processing is 
being done in 100 liter batches with phase separation by double decantation (since 
a suitable centrifuge or filter is not available). Cerium decontamination factors 
have ranged from 10 to 100 and promethium recoveries from 65 to 80 percent, dependiag 
m pH. 
obtained. 
rare earth oxalate solution, a by-product of current strontium processing. 

Because of the high cerium-to- 

Sufficient promethium (about 40 kilocuries) for one A-cell run should be 
Additional feed (for B-cell up-grading) will be obtained from Purex as 

Xn-Cell Promethium Analmis 

The processing of promethium in B-cell, and in the plant, has been severely hampered 
by the difficulty in obtaining timely and reliable analyses. 
meter method has now been developed which should markedly improve analytical control 
in a-cell. Advantage is taken of the presence of substantial amounts of gamma- 
emitting promethium-148 in short-cooled plant material. Some samples can be scanned 
directly. Others require a preliminary cerium separation. However, this is easily 
accomplished by adding a potassium iodate-potassium bromate solution to the sample 
and filtering directly into a gamma-spectrometer sample vial. 
ments are required, and the sample can be counted as soon as the 14 minute praseo- 
dTymium-144 decays. 

An in-cell gamma spectro- 

No volume measure- 

c)’ P 1231413 
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Ptcipitation and Stability of Strontium-90 Peroxir?? 

The use of strontium peroxide as a filterable intemediate in the packaging of 

fission-product strontium has Seen the su3Ject of eugineering study and eppears cpi-x 
prodsing. However, there has beeo uncertainty as to wnether the compouud would be 
adequately stable to self-radiation, 
fied strontium-90 retained from the final A-cell strontium purification run, was 
accordingly perf'ormed. 
critically limited by peroxide stability in a radiation field, that the precipitate 

significant amounts of the strontium. 

A hot-cell experiment, using some of the puri- 

It was found that strorztium peroxide precipitation is not 

. fonned in a radiation field is easily filterable, and that washes do not remove 

Cerium Precipitation for Shipping Cask Loading 

A series of experiments were performed to establish optimum conditions, within the 

limitations imposed by existing plant equipment, for precipitating cerium (as the 
sodium double sulfate) for loading into the cerium filter cask for shipment to Oak 
Ridge. The vapor pressure limitations imposed 'Sy jet transfer result in lower 
tenperatures than desired an2 lead to relatively high solubility of the ciou'olz 
sulfate, which has a retrograde solubility. Two procedures were established; one 
wfth tartrate complexing during the precipitation step and one vithoct. With 

either, loss of cerium at 40 C is about 16 percent. 
lost on slurrying and filtering intc the cask. 

- 

An sdditionsl 10 percemt is 

Ce-iu Shipment Hazard Evaluation 

Data were obtained relative to particle size and solubility of precipitated sodium- 
cerium sulfate, the salt intended as carrier for shipping large quantities of Ce-144. 
"he work was performed to assist in a hazards evaluation. 
according to the anticipated flow sheet, consists of crystallites about 2.5 p square 
in section and 10 c, long. 
up into smaller fragments only with considerable force. 
was determined to be 3 g per liter at 20 C. 

The salt, precipitated 

The crystallites exhibit appreciable strength and break 
The solubility of the salt 

WASTE TREATMENT 

Batch Calcination 

Studies continued to determine the effects of a draft tube insert on boil-up rates 
and on operation during the concentration of a simulated waste solution. 

A draft tube 2-ft. high and 4-7/8-in. ir diameter was placed within a 6-in. diameter 
by 3-ft. high pot. The cross sectional area inside the draft tube was 1.8 times that 
outside the tube. Water was boiled in the pot with the energy provided by induction 
heating. 
the draft tube increased the boil-off ra%e by an average of only 5 percent over that 
measured without the draft tube. 

At three different power levels of" the induction heater, the insertion of 

A run also was made in a 24-in. high annular pot constructed from 4- and 8-in. pipe 
sod containing a 7-in. diameter draft tube. 
lated soiution was the same as that previously used in the same pot. An air sparge 
was found to be necessary in the prevfous run to control solution foaming during the 
boil-down step. With the draft tuke, no air sparge was required because foaming was 
not a serious problem and the boil-off rate was increased by approximately 15 percent. 

The chemical composition of the simu- 
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Testing of various liquid level sensing devices was the object of a run in the pilo. 
plant batch calcination facility. The devices tested in an 8-in. diameter by 5-l/2 
ft . high pot were : 
to the dip tube, (2) an alumina jacketed capacitance probe, (3) a l/l&in. diameter, 
stainless steel sheathed, chromel-alumel themcouple heated by an alternating current. 
The thermocouple was inserted from the top and bent in a "U" so that the tip pointed 
upwards. 
previously, but became heavily coated with solids and all sensitivity was lost. 

(1) an air purged dip tube with a steam bleed into the air supply 

A similar device with the thermocouple tip pointing downward was tried 

During the boil-down of a simulated, low acid waste solution, only the air purged 
dip tube with the stem bleed gave satisfactory liquid level detection. 
pilot plant runs without a steam bleed, the dip tube beceme plugged. 
bleed proved to be effective in eliminating this pluggage problem. 
thermocouple and the capecitance probe became heavily coated with solids. 
heated thermocouple gradually lost sensifivity as the solids continued to build up 
and eventually was unable to detect the soluticn level. 
probe could detect changes in the solution level even when heavily coated with solids, 
the sensitivity was reduced by an order of magnitude. 

In previous 
The steam 

Both the heated 
The 

Although the capacitance 

Wex Waste Tank Sludge Sampling 

Specifications for a core driller for sampling sludge in underground storage tanks 
have been developed in a series of tests drilling synthetic materials. A commercial 
core drill drive is proposed, with 1-3/8 in. OD tubing drill rod running in a close- 
fitting casing. 
ly high speeds (100 200 rev/-), feeds, and bi+, flushing flow rates are also recom- 
mended. 

The casing is spricg-centered in an 8-inch pipe guide tube. 

Final details of the core bit itself are awaiting addition& vendor tests. 

Relative- 

In-Tank Solidification 

In laboratory scale boil-down tests of synthetic Purex tank farm supernates with 
externally applied heat (no carbonation), rapid application of heat (one degree per 
minute rise) developed foam at approximately 130 C and the foaming doubled the 
apparent volume of the solution at 140 C. 
solution at 120 C and were grown above the liquid edge from that point on. 
boil-down was continued until the volume of the solution was decreased to 20 percent 
of the original. 
granular and, once broken, remained as a free-flowing solid. 

Simmering (temperature rise of 0.1 C/min) developed no foam. 
in the solution at 85 C. 
quantity and 80 percent solidification occurred on overnight cooling. 
partially re-dissolved on resumption of heating and at ~6 C: corresponding to a 
reduction to 44.5 percent in volume, solidification was about 90 percent. On cool- 
ing, the mass resembled a well consolidated filter presscake (moist, but completely 
solid). 

Crystals were observed throughout the 
The 

The product was Complete solidificatior occurred on cooling. 

Crystals were found 

The solids 
At 93 C the volume had been reduced to 2/'3 of the originai 

Other laboratory studies trere started to determine the characteristics of solids 
which would result from in-tank concentration and solidification of low-activity 
level waste solutions. 
removal waste. When the sirqulsted waste was coccectrated while being sparged with 
air cniy, the boiling temperature reached 150 C at a Cordensate to original volume 

These studies were with simulated old Purex plant coating 



which solidified completely on cooling to 70 C. 
the waste was sparged with a 50 volume percect Cog in sir mixture during concentration 
the Vc/Vo ratio was 0.81 at a boiling temperature of 150 C. 
completely at a temperature slightly below the boilizg ;h?int. The hygroscopic 
character of these solids is being determined and themobslance studies are in 

Ee SGlidS were hygroscopic. men 

The residue solidifi& 

c progress to determine their behavior on heating. 

Hot Semiworks Operation 

Strontium-90 recovery activities in the Hot Semiworks .were concluded October 14, wltk 
the transfer of the facility to the Chemical Processing Department. Preliminary 
material balances for the program indicate a recovery of over 800,000 curies of 
strontium-90 with over 7OO,OOO curies of specification product. The cerium content 
of the difference material is above specificatlon and vi11 have to be reworked when 
the necessary tankages become free. 
preparation 

The last run in the campaign was a research and development run designed deliberately 
to test and to demonstrate the technical feasibility of broadening the process bases 
to recover strontium, cerium and a cerium-free rare earth concentrate, i.e., promethim. 
The run was considered successfU1, although facility limitations and equipment diffi- 

culties resulted in cerium and promethium recoveries of only 60 and 30 percent, 
respectively; on the other hand, 80 percent recovery of strontium was achieved. 
Both the cerium and promethim by-product materials were deliberately discarded in 
the absence of adequate storage facilities 

Summery reports detailing operations are in 

Bulk Fission Product Packaging 

Fission product canister capacities for Sr-90, Ce-144 and Pm-147 were re-evaluated to 
reflect expected plant flowsheet product purities. 
24-in. high, and a marlmum of 200 watts radiolytic heat generation, canister loadings 
of 30, 26 and 55 kilocuries of Sr-90, Ce-144 and An-147, respectively, can be obtained 
with a maximum surface temperature of 325 F in air at 100 F. In the case of Pm-147, 
dilution with other tri-valent rare earths results in physical filling of the canister 
prior to reaching the heat dissipation limit of 200 watts, i.e., a 55 kilocurie Pm-147 
canister will dissipate approximately 90 watts. 

With a 4-1/2 inch OD canister, 

In other bulk packaging development studies, design of the canister loading station 
v8s completed and fabrication started, 
station have been completed'and are being reviewed. 

Conceptual drawings of a canister capping 

Remote welded closures are being studied for both fission product and waste packaging, 
and in this area detailing of the remote inert gas-shielded, tungsten-arc welding 
equipment is 70 percent complete. 
revised to accomrnodate a Belleville spring type metallic gasket. 

The canister gasketed closure design has been 

EQU~X" AND MAllERIALS 

Hydraulic Equipment 

Life test of a Hastelloy C, canned motor submerged pup using water at 50 C as a 
test fluid has continued uneventfully for the past month. 
operation has been completed to date and the test continues. 

A total of 2700 hours of 
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Ultrasonic Welding of Titanim %o 304-L Stainless Steel 

In attempts to use ultrasonic tecfiniques to weld titanium to 304-L stainless steel, 
a brittle phase was formed, with consequent poor mechanical properties of the weld, 
when the two metals were joined directly. 
properties were produced when a 0.5 mF1 interleaf of nickel between the two metals 
was used. However, in nitric acid the nickel corrodes rapidly. 

Velds with satisfactory mechanical 

Corrosion of 1020 Steel by 0xaJ.ic Acid 

During short term (16 hours) exposure of 1020 steel coupons to five weight percent 
oxalic acid at 25 and 75 C, corrosion rates of three and six mils/month, respectively, 
were observed. The solutions were not aerated during the exposure. Prior literature 
indicates oxidizing conditions may accelerate corrosion in this system. 

Corrosion of Titanium in Purex 1WW 

Further tests on the corrosion of titanium in Purex 1WW solution were made to define 
the effects of varying the solution composition, particularly fluoride composition. 
Tests made this month also included heat transfer conditions. Titanium corrosion 
rates less than 0.1 mil/month were obtained under all'conditions tested. 

Role of Cr(VI) in Corrosion of 304-L Stainless Steel 

Tests made with synthetic Pura 1WW and H4 solutions indicate the corrosion rates 
for 304-L stainless steel in concentrators handling these solutions can be reduced 
by factors of from two to six if most of the chromium present is kept in the reduced 
(111) state. The most promising means of accomplishing this so far found involves a 
reduction of chromium with hydroxylamine before the solution enters the concentrator 
acd a bleed of NO2 or a nitrite to the concentrator. 

PROCESS COITEIOL IIWELOPMEKL' 

Measurement of pH in Process Solution 

Considerable difficulty has been experienced with failure of pH electrodes in high 
activity solutions. 
of electr des, presumsbly due to hydrogen peroxide buildup, occurs after irradiation 

Purex. 
without breakage. 
to achieve improved resistance to radiation change. 

It has previously been shown in laboratory tests that breakage 

A new electrode fitted with a pressure relief valve was irradiated to lo9 R 

to 5 x 10 l R, corresponding to about 30 days in the E-3 neutralized waste tank at 

Efforts now are underway to utilize an inorganic sealing material 

Plutonium Summation System 

Instrumentation for determining total plutonium flow in a process stream has been 
deveioped and was previously tested in the Redox plant. 
ally multiplies plutonium concentration times flow rate and integrates the product over 
a given period of time. 
the system has been relocated to another product line further downstream and recalibratec 
Improved sensitivity of the plutonium concentration monitor was achieved by increasin 
the volume of the holdup tank where neutrons are counted. 
adjusted to compensate for non-linear response at low flow. 

This system in effect mechanic- 

After initial operation in the final column product stream, 

The flowmeter output was 
Based on the satisfactory 

effort in the laboratories is antici- - 



Salt Cvcle Process 

Separation of Plutonium from Uranium in Molten Chloride Systems - Previous work in 
NaCl-Kcrl melts demonstrated $he feasibility of electrodepositing UO2 relatively 

. free of plutonium and of colepositicg PuO2 with U02, depending on the conditions of 
the electrodeposition. Establishment of a method for the reccvery of plutonim 
free from uranium would increase the flerfbiiity of the Salt Cycle Process by 
allowing the uranium and piutoniurc. to be recovered either separately or together. 

. In addition to separation of plutonium from uranium, separation is desired from the 
rare earths (other than cerium) which constitute the dominant nuclear poisons ammg 
the fission products, 
tion factors for rare earths of only 6 to 8 were achieved by jointly depositing 
PuO and UO While adequdte in terms of a single reeycle, these low decontamination 
facfors wo3d forbid the prolocged re-use of the same salt aelt and would cornsel 
frequent. fission prodwt waste processing. 

In the electrodeposition work in NaC1-KC1 melts, decontamina- 

Skrx the possibility of achieving economies via requiring -daste processing only at 
kr'zequent intervals compared with processing of valued constituents is one of the 
izmntives for work on this pyrochemical approach, means are being sought to effect 
eliaaer Eeparation of plutoniun from rare earths. 

At ',he temperature (750 C) customarily employed for electrodeposition in NaC1-KC1 
melts, plutonim(1IIj is the predominaGt oxidation state in solution. To improve 
the probability of obtaining good separation of plutonium from the trivalent rare 
earths, more recent work has been done at lower temperatures where plutonium can be 
obtained in solution as pluton:um(IV) by the oxidation of plutonium( 111) with 
chlorine ., 

T'e m3.t sysfen! chosen for the initial stdies is the LiC1-KC1 system. 
allows operation at considerably lower tenperatures than does the NaC1-KC1 system 
acd also allows operation at high temperatures without the volatility problems 
ercountered in the F%C12-KCl system. Ancther advantage of LiC1-KC1 melts over 
PbC12-KC1 melts as far as precipitation processes are concerned is the lower density 
of the LiC1-KC1 system. 

This system 

Separation of urarzim from plutoazium in the LiC1-KCl system was demonstrated by the 
same techniqEe employed in the MaC1-KC1 system, tbat is, by electrodepositing U02 
at 750 6 from a dry melt under a cUoriLe atmosphere. The deposited U02 was separ- 
ated from plubcium by a factor of about, 130 aLd from pronrethium by a factor of 
about 250 

Sepration of plutonium from uranium was attempted by sparging a plutonium( N) 
chloride-bearing mel% (LiC1-KC'i containing 10 .J, G TJ and 0.1 wl'o Pu) with dry oxygen 
to precipitate PW2. 
hour oxygen sparge at 550 Cy however. One reason for the small amount of plutonium 
precipitated may be thdt the equiliErium Pucl 

oxygen sparge. 

Only ter percerlt of %he plutoniun; was precipitated by a one 

+ 1/2 C12 = PuClk may be forced to 
the less reactive plutcniun?(IlI) when the chlcrine 3 is removed from the melt by the 

An attemFt to increase the amcunt of plutonium precipitated by 
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adding two volunae percent chlorine to the oxygen sparge was unsuccessful. 
possible explanation for the small amount of plutonium precipitated is that the 
reaction of plutonium(IV) chloride with oxygen may simply be slow. In this con- 
nection, the reaction of mium(IV) chloride with air (to form uranyl chloride) 
in LiC1-KC1 at 600 C was found to have a half-time of about two hours. 

Another 

Another method under investigation for precipitating PuO2 from molten chloride salt 
solutions is the addition of a metal oxide to the melt to metathesize plutonium(N)- 
chloride to PuO2. To achieve Separation of plutonium from uranium it is necessary, 
of course, to choose a metal oxide having a thermodynamic stability (in a chloride 
system) intermediate between plutonium(IV) and uranium(VI) oxides. 
free energy associated with the conversion of uranyl chloride in molten salt solution 
to uranium(VI) oxide is apparently only a small positive value, thus severely limiting 
the number of metal oxides which will precipitate plutonium(IV) oxide but not 
uranium(VI) oxide. 
from uranium by this technique should also give separation from the trivalent rare 
earths. 

The change in 

According to available free energy data, separation of plutonium 

Scouting erperinaents along these lines were conducted employing uranium(Iv) as a 
stand-in for plutonium( IV) . 
uranium(IV) chloride at 550 C resulted in rapid and complete precipitation of UOg. 
When the Mgo or SnO 
dissolved by converkon to uranyl chloride. 
and excess Mgo or SnO 
Suo2 had dissolved. Et was concluded from these experiments that addition of MgO or 
SnO to plutonium(IV)-bearing melts would precipitate PuO that separation of 

chlorine sparge, and that no substantial amount of precipitated Pu02 would be re- 
dissolved by the chlorine sparge as long as MgO or Sn02 is present. 

Addition of MgO to a LICl-KICl melt containing 0.1 w/o Pu and 10 w/o U during a 
chlorine sparge at 550 C resulted in the precipitation of about 80 percent of the 
plutonium. About five percent of the uranium was also precipitated, however, giving 
a uranium DF of only about 15. 

Addition of MgO or Sn02 to LiC1-KC1 melts containing 

was added during a chlorine sparge, the U02 was rapidly re- 
When melts containing precipitated U02 

were El sparged, the U02 did not dissoLve until the MgO or 

plu$onium(W) from uranium(IV) would be achieved .if the ai? dition were made during a 

A.similar experiment employing SnO as the precipitant was peflormed, but no analyti- 
cal data are yet available. Qualiktive obsemations indicate that neither plutonium( N 
nor uranium(V1) oxide was precipitated as extensively as in the MgO experiment, however. 

Mechanism of Reduction of UO$l9 to 502 - The latest modification of the chronopotentio- 
meter has allowed better definition of the curves. Analysis of the more refined data 
indicates that the electroreduction of uranyl chloride to U02 does not proceed via 
a direct two electron transfer. 
exists as an intermediate in the reduction of uranyl chloride to U02. 

The curves consist of two portions; the first having the appearance of a reduction 
to a soluble product and the second a reduction to an insoluble product. Determin- 
ation of "n" values (number of electrons) for the two portions of the curves is made 
difficult by their poor separation, and by the fact that the second portion is not 
a smooth curve. For a two-step reduction with a one electron change in each step, 
the transition time of the second step should be three times as great as that of the 
first step. 

- 
!&e data indicate that a soluble uranium(V) species 

The best defined curves approximate this relationship. 
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Studies of PbClp-KC1 Systems - Large (up to 4 gran) VOr. xystals prepared by electro- 
deposition under a chlorine atmosphere have bPen fmmlLto have Oh ratios of 2.002 
and to contain 50 ppm Pb and 200 ppm K. The importance of breaking up the deposit 
into individual pieces Sefore washing to remove lead zsnt?dnation was sgain emphas- 
ized by the fact that washed agglomerates of U02 cryst21s frnm tne same deFosit 

' - contained 1000 ppm Pb. 

The prime requisite for the growth of large U02 crystals still appears to be the 
maintenance of a dry, oxygen-free system. By maintaining a chlorine or HC1 atmcs- 
phere in the cell during electrolysis, large crystals are obtained but the crystal 
faces are etched to the extent that the surface luster is lost. 
lustrous-faced crystals were obtained in a recent deposition run under a helium 
atmosphere with 4 w/o U(IV) in the melt to assure dry, oxygen-free conditions. 
uranium(IV) was introduced into the melt, which contained about 20 w/o U(VI), by 
dissolution of U02 with HC1. 

The densities of various PbCl2-KC1-U0$l2 melt compositions have been determined. 
Values were obtained at several temperatures with potassium-to-lead ratios of 1:l to 
3:l in the absence of uranium and, with a potassiun-to-lead ratio of 2.5:l, st 
uranium concentrations up to about 25 w/o. 

Urge (up to 4 gram), 

!€he 

Rates of Dissolution of U02 by Chlorine - Rates of dissolution of large, single 
pieces of U02 have been determined under various conditions. These data are @re 
consistent than those obtained in earlier work employing U02 powder, where apparent 
inconsistencies were probablg due to variations in surface area and in the degree to 
which the powder was mixed with the melt during dissolution. 

On short-term (ten minute) exposure to chlorine-sparged melts, U02 was found to dis- 
solve at a rate of about 0.25 mg U/(cm2 U02 surface area)(min) in each of the following 
cases: NaCl-KCl at 700 C, MgCl2-1.5 KC1 at 600 C, and PbC12-2.5 KCl at 600 or 700 C. 
At 600 C, dissolution rates in PbC12-0.9 Klc1 and Pbcl2-1.5 Kcl were about 75 and 90 
percent, respectively, as high as in PkCl2-2.5 KC1. 
increased the dissolution rate a factor of about 17 in Mgcl2-1.5 KC1 at 600 C and a 
fae+,or of about 35 in NaC1-KC1 at TOO C, PbC12-0.9, 1.5, or 2.5 Kc1 at 600 C, and in 
pbc12-2.5 Kc1 at 700 C. Addition of 0.25 m/o TlCl to NaC1-KC1 at 700 C resulted in 
a 1L-fold increase in the dissolution rate. 

NaC1-KC1 or PbCl2-2.5 KC1 at TOO C 

Addition of 0.5 m/o TlCl 

Addition of 0.5 m/o PeCl or CuC12 
resulted in about 24-fold and 27-fold increases in the dissolution ra 2 e in either 

On long term (up to three hours) exposure of U02 to chlorine-sparged NaC1-KC1 at 700 
C, the rate at which the U02 dissolved was found to increase with time. Experiments 
showed that this phenomenon was cot due to an increase in the solubility of chlorine 
in the melt as the uranyl chloride concentration increased, to an increase in the 
number of active sites as the U02 "aged" in the melt, or to an increase in the U02 
surface area as dissolution progressed. Instead, all available evidence points to 
the fact that uranyl chloride catalyzes the dissolution of UO2. In the concentration 
range studied (up to 3 w/o UO$l2), the dissolution rate was found to be proportional 
to the one-half power of the uranyl chloride concentration. 
(2.5 W/O) in the melt, the rate of U02 dissolution was a factor of about four greater 
than with no uranyl chloride in the self. 

- 
- 

With 0.5 m/o U0$12 
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Molten Salt Spectrophotometry - In the development of spectrophotometric methods 
for molten salt systems, isobestic points have been observed in the spectra of 
various uranium compounds as a function of temperature. 
Salt Spectrophotometq 111: Isobestic Points Generated by Variation in Temperature," 
has been written which gives considerable insight into the phenomenon. 
shown (1) that only one species contributes to the absorbance at a given isobestic 
point, (2) that the only mer in which the isobestic point can be generated is 
for the absorptivity of the species at the isobestic point to be linearly dependent 
on temperature (at least to aa approximation suggested by experimental accuracy) 
and be of the form e(h) = b(h)[l+h(h)t], and (3) that correcting the medium for 
density change as a function of temperature, shifts but does not destroy the iso- 
bestic points. 

A paper entitled, "Fused 

It is 

Materials of Construction - In search of a suitable material for engineering scale 
application of the molten salt electrolytic process, a Pf'audler Companv Nucerite 
Vessel was tested for thermal shock tolerance. 
room temperature containing a PbCl.3 KC1 mir, the lining was found to have spalled 
off the bottom. Later, spalling fromthe sides was noted. 

After three cycles krom 750 C to 

A second end third vessel were also tested by holding at 650 C for one week. 
salt in one vessel was sparged continuously with chlorine; the other was left 
static. 

The 

The coating of both vessels spalled at the molten salt gas interface. 

Reprocessing PRTR Spike Elements 

Dissolution rates of pzipi Pu-A1 alloy spike fuel in EmrO3-I?H4F-S&(IfO ) 

in 6-7 M Hmo3 - 0.002 M @(NO )2 solutions. 
of merc-w must be increased 2 o ca. 0.025 M before activation will occur. 
solution rate (33 mg/min.,sq.cm.)in 6 
NH 3') is about half that without the fluoride and with-0.025 20 0.05 M @(NO ) To 

obtaining reduced dissolution rates (desired for processing the spike fuels in the 
Redox plant). 
f'unction of nitric acid and aluminun? nitrate concentration is underway to define a 
possible flowsheet for use in the Redox plant. 

solutions 

Witbut fluoride, the concentration 
were measured. In the presence of 0.03 to 0.06 M m4F, the Pu-A1 aL2 oy will activate 

in 3 uce activation. The fluoride-containing system shows promise as ammeans af2 

The dis- 
a03 - 0.002 M @(NO 12 - 0.03 to 0.06 M 

A survey of activation characteristics and dissolution rates as a 

RADIOACTIVE RESIDUE PMATIOIV 

Sorption Studies 

Work reported in June showed that the same amount of Cs-137 was removed by clinop- 
tilolite from 1WW waste regardless of dilution provided that the flow rate of the 
undiluted waste remained the same. The greatest waste dilution used was 1 to 20. 
Dilutions of 1:30 and 1:40 have now been used, with the flow of undiluted waste 
the same a6 that previously reported. Even at these large dilutions there was no 
change in the quantity of cesium removed from the waste. 

Kinetic Studies of Ion Exchange Materials 

A kizetic study in the particle diffusion region of sodium exchange by cesium was 

'IS-P to study the loading rates of several other cation exchange materials including 
Cecslso, Linde 4A, phillipsite, vermiculite and a sulfonated polystyrene resin. 

T-2. ad+- -- loirsly reported for ericnite and clinoptilolite. The shallow bed technique was 

12311t21 - 



The loading rate curves ob+,aiaed for These materiala 7erz acslyzed by use of 
Reichen3ergIs equation for evaluatior. of specific res2ti.m rates. Diffusion co- 
efficients at two temperatures were also detiminec? fro2 uhien Arrhenius activati3a 
energies were calculated. 

- The zeolite loading rates are similar to those of :he organic resins, end all gave 
rate constants of the order 0.01 to 0.05 sec-1 over the temperature range 30 C to 
50 C. Activation energies are low, ranging from 1.1 kcal,mole for phillipsite to 
6.5 kcal/mole for Decalso. .- 

Condensate Wastes 

EquilibrFum experiments were performed with clinoptilolite, a sulfonated pclystyrene 
resin (Amberlite IR-120), a sulfonated phenol base resin (Duolite C-3), and an 
aluminosilicate gel (Decalso) in dilute calcim ion systems containing trace cesium 
or strontium. Based on the observed Kd values, %race strontium in a 20 ppm calcium 
soluticn would reach 50 percent breakthrough on Decalso, clinoptilolite, IR-120 and 
C-3 after 15,000, 5,300, 2,500 and 1,400 bed volumes, respectively. Trace cesium 
in 20 ppm calcium solution would reach 50 percent breakthroagh only after greater 
thsn 50,000 bed volumes for both clinoptilolite and Decalso. Hovever, less than 
L,300 bed volumes would be expected to reach 50 percent breakthrough for IR-120 
3125 C-3. 
use is limited to solutions of near r.eu+,ral pE. 

Although Decalso appears to have a selectivity advantage, its long-term 

Micro Pilot Plant Run 19 is in progress to ?valuate the performance of a 0.25 liter 
cciumrr of Amberlite IR-12C followed in series by a 0.25 liter column of clinoptilo- 
Ute, both in the hydrogen form. About 5000 liters of Purex Tank Farm condensate 
were treated to date. 
coccentrations ir the effluent have not exceeded their respective MFC,. 

La'toratory experiments indicate that the additioc of 5 ppm sodium hydroxide to the 
stem stripper feed will increase and maintain a high enough pH so that the steam 
stripper bottoms may have a residual concentration of less than 0.5 ppm ammoni-a 
ccqared to the presently attainable 2 to 6 ppm value. 
kterfere as greaey with cesium adsorption on cliEoptilolite and Decalso as does 
ammonium ion, the addition of slgall amounts of caustic may increase significantly 
the capacity for cesiurr removal from Purex Tank Farm condensate. 

Preliminary analytical results indicate that Sr-90 and Cs-137 

Because sodium ion does not 

Ornanic Incineration 

Burniog of degraded radioactive organic from chemical processing operations may be 
a good alterrate to ground disposal., In order to determine the feasibility of the 
direct combustian of non-radioactive 30 volume percent tri-n-butyl phosphate in 
hydrocarbon diluent, a test was performed by the Thermal Research and Engineering 
Ccrporation at our request. The waste was introduced with a steam atomizing type 
riozzle icto a model LV-3 Vertex burner. Tke combustion was started from a cold 
condition using a gas pilot for igrition, am? the operation did not require auxiliary 
fuel or bwner preheating. 
ating the expected white phosphorous pentoxide smoke. 
observed in the combustior ckamber. 

I 

The waste material appeared to burn completely, gener- 
No visible deposit was 
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Ruthenium Tetroxide Studies 

Measurements of the capacity of silica gel for ruthenium tetroxide absorption 
showed a strong, inverse tenperature effect, from 7.2 mg Ru/g silica gel at room 
temperature to 1.8 mg/g at 55 C and 1.2 ng/g at 84 C. 
gel with an absorbed reducing agent, formaldehyde, increased the room temperature 
capacity to 64 mg/Ru/g. Experiments at higher temperatures are in progress. 

Pre-treatment of the suica 

Off-Gas Particulate Studies and Treatment 

Electron microscope studies have shown that the off-gas from the spray calciner, 
which has passed through the primary fllters and scrubber, consists of very small 
particles, in the 0.01 - 0.1 micron size range. 

lIhe use of conventional wet scrubbers offers little hope of removing particles in 
this size range. Thus, an efficient bu3ble scrubber, such as a Peabody scrubber, 
waa found to give essentially no removal. 
scrubber gave decontamination fac+ars of 10 to 15 and resulted in effluent dust 
loadings of about 20 wg/ft3. 
static bubble scrubber can be even further improved. 
prepared describing the device. 

A new model of the electrostatic bubble 

It is believed that the efficiency of the electro- 
An invention report has been 

BIOLOGY AND MEDICl3E - 06 PROGRAM 
Geology and Hydrology 

Two recently completed wells, one near 1004 Area and the other southeast of Hanford 
encountered basalt at depths which were, respectively, 86 feet shallower and 66 feet 
deeper than predicted. These significant deviations are indicative of the probable 
variability of the basalt surPace under nuch of the project. 
well near 100-N Area, interpretation of recent airborne nagnetonreter data disclosed 
a probable east-west trending anticlinal ridge previously undetected and of unknown 
height. Completion of the well and confirmation of the anticline validate the 
magnetometer surveys and encourage complete interpretation of the magnetic data. 
The weU southeast of Hanford is about atop the continuation of the Gable Mountain 
anticlinal ridge; hence, the ridge is lower than estimated. The effect of this on 
the movement of ground-water from both sides of Gable Mountain into the Columbia 
River near Hanford is under study. 

In the case of the 

The computational problem associated with the proposed method for measuring perme- - 
ability in-place has been examined and a suitable solution found. A linearized flow 
spproximation is used initially to get a fair estimate of permeability in the region. 
The estimate is then improved by successive steps to yield the correct permeability 
distribution. Such a procedure by-passes the numerical differentiation difficulties 
found earlier in conventional finite diffgrence solutions of these particular 
partial differential equations. 

The -dell-packer was used in well 699-69-45 in an attempt to determine the vertical 
variation in potential. The packer test indicated that there was leakage of water 
between the vel1 casing and the formstion at the 110-125 foot depth. 
nf sxt: lack of contact between formation and casing in many other wells may require 
greseure qroutlng or other sinilar operations to obtafn the necessary potential 

The existence 

h use of the well-packer. 
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Use of the well-packer to determine permeability requlrzs that a geometry factor be 
obtained for use in the mathematical treatment of the Tjar'ticular flow system under 
skdy. The geometry factor for an 8-in. well with a Sacked-off section five feet 
long was found to be 14.54 feet through use of the stesdy stzte compute? program. 

Fieid Apparatus Development and Application 

Further testing of the in-well vertical flowmeter was carried out in three wells. 
Operation was satisfactory down to the maximum depth checked, 70 feet below ground- 
water surface. Evidence of vertical water movement was noted in all three wells. 
A subject report of this development is in preparation. 

.. 

Particulates from Heated Irradiated Uranium 

Particulates released from heated irradiated uranium were sized with a 5-stsge 
itupactor. 
with particles with less than 1 micron mass median diameter. 

A great predominance of the uranium and fission products was associated 

Analytical Methods for Environmental Materials 

TrJo procedures were developed for determining 1-13 in milk at low concentrations 
to fulfill the new requirements established by the Federal Radiation Council. 
proeedure is based on the ion exchange of 20 liters of milk. 
100 ml/min and at the 1 pbc/liter level, the radiochemical yield is 90 k 10 percent. 
The analysis can be completed in four hours. 
in progress to decrease the time necessary for analysis. 
direct ganrma counting on 12 liters of milk between two +in. diameter by bin. high 
sodium iodide detectors allows measurement of concentrations of 1-131 as low as 
j ppc/liter. 

One 
At a flow rate of 

Tests at increased flow rates are 
In the second procedure, 

Manager 
Chemical Research and Development 

WH Reas:cf 
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B. 

ORGANIZATION AND PdWOI\ 

Dr. D. Dennis Mahlum from the University of Wisconsin joined the Metabolism 
Operation during October as a Biological Scientist. 

Dr. V. H. Smith returned in September to the Metabolism Operation, folluwing 
a two-year leave of absence at the University of Minnesota. 

H. L. Corson retired following eight years' service in the Biology Operation 
assigned to the Experimental Animal Farm. 

TECHNICAL ACTIVITIES 

FISSIONABLE PIATERIALS - 02 PROGRAM 

Effect of Reactor Efluent on Aquatic Organisms 

The experiment to test the effect of crowding on the incidence of columnaris 
infection continues to suggest that this disease is density dependent. 
being held in Columbia River water with different numbers represented in 
each trough show that the greater the number in a trough the greater the 
incidence of columnaris. 
numbers of 900, 450, 150 and 50 trout show 11.3, 10.0, 1.3 and 0 per cent 
mortalities, respectively. 

Trout 

After three months of tests, troughs with initial 

Field samples of scrap fish and salmon have shown negligible infection 
with G. columnaris. Columnaris organisms have been isolated only from 
gills. Tndications are that gill lesions on salmon that are called 
columnaris infection by field workers are not columnaris at all, since only 
once have organisms been isolated from these lesions. A strain of columnaris 
with intermediate virulence was cultured in media containing 0.5 mc~H-'/ml 
for nine days. 
cultures indicating that irradiation does not affect virulence. 

Virulence tests showed no differences compared to control 

Salmon Survey 

"he first survey for 1961 of chinook salmon spawning in the vicinity of HAP0 
was made on November 6. Four-hundred and ninety-one salmon nests were 
observed in the Columbia River from Richland to Midway. 
number of nests were near 100-H and along the island near Midway, which is 
upstream from all reactors. 

The greatest 

No nests were seen downstream from Hanford. 

The number of nests observed is probably lower than actual due to poor light 
conditions, water turbidity, and lateness of season. 

Rapid fluctuations in river level from manipulation of flow by the upstream 
dams was apparent. 
fluctuation in river level. 

About six nests had been exposed to the air due to 

(This information, due to be reported in the November report, is reported 
early because of delay in obtaining airplane service to conduct the survey.) 
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Fiat er f owl 

3eads of more tnan 1,COO waterfowl harvestea by local sportsmen were analyzed 
in cocperation tiith the Radiological. Protection and Evaluation Operation. 
Arrangements were made with the U.S. Fish ana Wildlife Service to obtain heads 
of waterflswl from Oregon, California, Idaho and PIontana to expand this investigatit 

SIOLOGY AIL? EDICINE - 06 PEiOGRAM 

METABOLISM, TOXICITY, ATJD TRANSFEZ3 OF RADIOACTIVE PIATERIALS 

Strontium 

The serial study of the distribution and retention of S2°-Y90 in trout after 
a single oral dose of 15 pc showed that the concentration of the isotope in 
the blood rose sharply at 3 to 12 hours to about 0.2 pc/ml and declined after 
12 to 24 hours. At the fourth day the concentration in the blood was about 
O.SOlpc/nl. In general the increase and decline of the concentration in the 
liver, spleen, and kidney followed the pattern expressed in the blood. The 
bone showed a rapid rise for 24 hours to about 0.16 pc/g after which a much 
slower continued increase was observed. 
in the bone was 0.2b pc/g. 

At the eighth day the concentration 

Studies to determine normal characteris tics of rainbow trout blood hare been 
initiated. 
be 5.24 + a standard deviation of 0.06 mec/l and 140.1 + 2.0 meo/l. 

A new feeding level of 3.1 mc SrSo/day was initiated in three swine. 
anticipated that these animals will expire within two or three months. 
With the initiation of this roup we now have six feeding levels - 1, 5, 
25, 125, 625 and 3,100,~~ Srbo/day - and a control group. From this wide 
range of dose levels a rather c3 lete picture should be obtained of the 
clinico-pathologic effects of srg ingestion, from ainimal long-term effects 

at the low levels to acute changes and early death at the higher levels. 

KO gross changes have get appeared in the group started on 625 pc SrFO/day 
70 aays ago, although circulating blood examined 60 days after initiation 
of feeding showed a suggestion of depression of the leukocyte components. 
Both animals at this feeding level are pregnant and will farrow in January 
if gestation is normal. 

Eight additional animals were injected or fed SrP0 or 3ra5 for use in 
calibrating the wble-body monitor. 
after administration of the isotope when it was given intravenously ana will 
be counted six times before sacrifice. 
relocates within the body and analysis of +he spectrum of energies detected 
by the crystal should result in a better unaerstanaing of aremsstrahlung 
znductbn and its attenuation within the body of the large animal. 
swine were also given Cab5 ar-6 their skeletons will be analyzed at sacrifice 
to provide data relative to the retention and discrimination of strontium 
rPlqt!ve to calcium as a ?unction of age. 

To date, calcium and chloride concentrations have been fmnd to 

- - 
It is 

These animals were lnonitored immediately 

Freauent monitoring as the Sr9O 

These 
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A preliminary analysis of whole-body data revealed that in month-old swine 
Cad7 retention 11 days after intravenous injection was about 90 per cent as 
compzred to 30 to 40 per cent for four-year-old animals. (Analy@ of oral 
feeding data for SrFO and CaL5 and intravenously administered Sr in swine 

of various ages is incomplete). 

Iodine 

Three Palouse gilts and three young ewes were fed 5 pc of Iul daily for one 
and one-half months and sacrificed for radioanalysis in order to obtain data 
to compare with earlier data on equilibrium concentrations of Iul in tiSSUeS, 

organs and excretions obtained in adult ewes on a similar radioiodine regimen 
but using different radioanalysis methods. 
compared quite favorably with the results observed earlier in adult ewes 
except for bile and whole blood which was higher in the young ewes by a factor 
of three to four, The thyroids of the ymng ewes had higher concentrations, 
as was predictable with lower age and undamaged thyroid glands. 
of the samples in the swine exhibited concentrations that were slightly less 
to less than one-tenth of similar tissues or excretions in sheep. 

Thyroid sections of adult ewes maintained for up to four years following the 
feeding of .l6 yc of 1131 daily for twelve months and 135 pc daily were 
reviewed and some thyroid adenomas were found. 
moderate in size. 
follicles were reduced in size, 

The data obtained on young ewes 

Almost all 

The adenomas were minute or 
The thyroid glands showed severe fibrosis and the 

Plutonium 

Further studies with the chelating agent triethylenetetramine hexaacetic 
acid (TTHA), indicate a consistent but slight superiority over DTPA by 
removing plutonium from rats. 
obtained with oral administration where TTHA, in a dose of 6 mM/kg, left 
in the anFrhals only 8 per cent of a previously injected dose of plutonium. 
DTPA administered under the same conditions left l.3 per cent. 
were obtained with prompt treatment and at near toxic dose levels. Further 
studies will be required in order to completely evaluate the potentialities 
of oral TTHA. 

The most promising results were those 

These results 

Further studies have been made employing an equal molar ratlo of plutonium 
and DTPA. This material, when injected into rats, is mostly excreted but 
that which remains is deposited almost entirely in the liver. 
experiment 25 per cent of the injected dose was deposited in liver. This 
accounted for 90 per cent of the total plutonium retained one day after 
inject ion. Autoradiographic studies indicate that the plutonium in the 
liver is in the form of much larger aggregates than the plutonium in the 
solution injected. 

In one 

Radioactive Particles 

One-hundred-twenty days after exposure of rats to a Cea4-Pra4 oxide 
aerosol (Hass Median Diameter = 0.6 p) about 81 per cent of the body burden 
wzs recovered from lungs, 10 per cent from liver, 6 per cent from bone and 
1 per cent from kidneys, The body burden at 120 days after exposure 
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accounted for 25 Fer cent of the total amount deposited. 
was Excreted in feces ana 5 per cent in urine. 
half-tine was about 58 days for %he first month after qcsure and the lung 
rstention half-the was about 37 dqrs. 

Seventy per cent 
The whole-body retention 

A more extended stud.;r is planned 

using dogs. . 
Co 

Examination of colony dogs prior to selection for experiments indicate an 
unusually high incidence of abnormal formula. 
Five puppies were welped and others are expected. 

In one dog exposed to ~u*3902.last Way, a gradual increase in scattered 
opacities in the lung field was seen radiographically. 
respiratory rate and a very low blood lymphocyte level confirm the development 
of lung lesions. 

Pxee dogs given plutonium nitrate intravenously were sacrificed after 30 
days fm comparison with three dogs previously given plutonium nitrate by 
iLnha’lation. 
at about 30 days after exposure were 0.02 per cent and 0.2 per cent, respectively, 
of the body burden. 
burden . 

lete physical examinations are being completed on 25 dogs exposed to 
Fu2 s 902 aerosols about two years ago. Only 3 dogs show respiratory symptoms. 

One dog has bilateral cataracts. 

An increasing 

In the later dogs the daily rates of excretion in urine and feces 

The blood contained C.0005 per cent per ml of the body 

Radiation Effects on Insects 

Data were obtained on the reproductive cycle of the insect (Tribolium confusum) 
which is used for radiation effects experiments. 
first day of adult life; however, females are not until the sixth day. 

Na’les are fecund at the 

Radiation Effects in the Regenerating Liver 

Results of studies on dry weight, protein, sodium and potassium levels in the 
various sub-cellular fractions of the regenerating rat liver are now available 
for unirradiated animals. 
available within another month. 
can only be hinted at in this report., 
decreases by 20 per cent as early as three hours after partial hepatectomy. 
Protein and potassium levels show a similar drop which may be explained as 
simple dilution. 
possible influx of sodium into the tissues. At times periods subseauent 
to me day dry weight protein, sodium and potassium levels are increased 
above controls to various degrees. Significant differences in these effects 
are noted in certain of the sub-cellular fractions sbddied (nuclear fraction, 
mitochondrial fraction, microsomal fraction and soluble fractim) , although 
no startling effects are noted. 
fundamental interest and constitute a basis for comparing effects of xaaiation 
and other environmental vzriables on a relatively synchronized cellular 
sys tern 

Results from the irradiated animals should be 
The total picture is a complex one which 

T’ne dry weight/wet weight ratio 

However, sodium levels do not decrease suaesting a 

These data shoula be of considerable 
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Radiation Sffects on Cells - 
Tne rate of decrease in mitotic activity after 400 r of X rays can be altered 
by pre- or post-treatment with sodium fluoride. 

It has now been established that yeast cells must be grown in D20 before a 
modification of radiation sensitivity is observed. It was also shown that 
not only is the slope of the survival curve of D20 cells changed, but also 
the shape of the curve. 
an exponential X-ray survival curve. 
curve is sigmoidal with an extrapolation number of 1.15. 
accounted for on the basis of a change in ploidy. 

The previously reported effects of D 0 on phosphate uptake are in part pH 

50 per cent D20 inhibition is evident only at pH levels around 9.0. 
with cells grown for four months on D20 media showed that both phosphate 
and potassium uptake is inhibited indicating Llat yeast cells do not become 
physiologically adapted to a D20 environment. 

Ordinarily the yeast used in these stxdies gives 
However, when grown on D20 the survival 

This cannot be 

dependent. Inhibition is seen at a1 e pH levels with 99 per cent D20. With 

Studies 

Plant Ecology 

Field plots harvested for radioassay of fallout materials in Alaska and 
Hanford were compared as to annual harvest yield. 
per unit area in Alaska than at Hanford and produced at a rate 4 times that 
of Hanford. Results were compared with other kinds of short growing season 
ecosystems in Wyoming and Nevada. 

Harvest yields were greater 

Project Chariot 

Samples of terrestrial invertebrates collected from the tundra at Cape Thompson, 
Alaska, last summer were sorted for commnity and population analyses. 
of plants and animals were. analyzed for fallout raaionuclides. 

Samples 

Nan ag er 
BIOLOGY OPERA 

HA Kornb erg : es 
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C. Lectures 

a. Papers Presented at Meetings 

L. A. George, llBiological Warfare," Cctober &, 1961, Richland 
Section, American Chemical Society Meeting. 

b. Seminars (Offsite) 

None 

C. Seminars (Biology) 

R. C. Thompson - IrA Report on the Gordon Conference on Bones and 

H. A. Kornberg - IYanford Biology Programt', October 3, 1961. 

V. 3. Smith,- Vhe Oxygen Effect in Radiation aiologyll, October 17, 1961. 

October 3, 1961. 

J. J. Davis - tlEnvironmental Factors on the kccumulation of Fallout", 
October 17, 1561. 

d. Miscellaneous 

A. C. Case, October 13, 1961 - "Counting and AnalysisJ1, Health Physics 

R. C. Thompson, October 27 - "Internal I)osimetrylt, Health Physics 

R. 3. Schiff-, October 19, "Biological effects of ionizing radiations, 

N. L. Dockum, October 25, rtPhysical and Chemical Methods for Localization 

Certification Examinat ion Ref re sher Course . 
Certification Examination Refresher Course. 

Capnichael Junior High %hool, Richland. 

of Radioisotopes in Animal Tissue,11 Physics and Chemistry Club, 
Kennewick High School. 

J. J. Davis, October 27, "Some Effects of Environmental Factors upon 
Accumulation of World-wide Fallout in Natural Populations, 'I Finance 
Group, 300 Area 

J. J. Davis, October 27 - same title as above - Lorthest Vector Group, 
Desert Inn, Richland. 

D. Publications 

a. EIW Documents 

h'one 

b. Open Literature 

Rone 
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There were no changes in organization or personnel during the month. 

Input-Output Model 

Most of the data for the forthcaning report have been checked and updated. 
Same investment figures are still questionable and will need refinement 
before sane of the forecasting narrative can be cqleted. 

SWSTICAL AND MCLTBEMAIPICAL ACTIVITIES FOR O’IKER HAP0 COMPONENTS 

Fuels Preparatim Departm ent 

Fuel Element Performance 

In a meeting held at Fernald on October 3-4, 1961, test designs for two 
production tests were presented for comment and approval. 
concerned with an evaluation of the effects of certain variables in the 
heat treating process, snd on the rolling versus extrusion fabrication 
methods. Subsequent to this meeting, a third test concerned with ingot 
charge make-up was designed and submitted. 

These were 

Hot spot severity, as apposed ta simply the frequency of occurrence, was 
correlated with warp data for Quality Certification tubes to see if an 
improved correlation wdd result. 
brought more in line by this technique, the over-all conclusion is that 
hot spot frequency, without regard 
to use in these studies. 

Although one outlying point was 

to severity, is an adequate statistic 

Sane concern had been expressed that the models used to predict dimensional 
distortion stimed little change in expected values over time, even though 
reactor parer levels had not been constant. 
that in general as parer levels increased, residence times had decreased 
resulting in little over-all effect on expected dimensional distortion. 

This was explained by sharing 

General 

Comments were given on the design of two production tests in which the 
material is already at Hanford. 
cladding processes, and the other with a further evaluation of nickel 

One dealt with an evaluation of alternate 

plating. 
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Cmsiderable warp data from NPR fuel elements were analyzed as requested. 
A number of hypotheses concerning warp magnitudes and direction were 
suggested, and were tested using these data. 

An analysis was completed on test data fram a test optimizing canning 
conditions for eight-inch I and E fuel elements. 
surfaces were graphically depicted by the use of contour lines. 

%e estimated response 

Consultaticm with the information study team continued during the month. 

Consultation and instruction continued on methods of constructing, 
solving, and studying llnear progranrming models of the fuels fabrica- 
tion forecasting and scheduling processes. 

Irradition Processiw Department 

3eac+,or Optimization Studies 

A proposal to sirmrlate reactor operations uing a computer was submitted 
to IPD for comment and apprwsl. 
ways and means of reducing overtime within the Department. 
benefits to be gained fran this study were pointed out. 

This was prompted by a request to study 
Additional 

PreUminary work was done in controlling work rates for work performed 
during reactor outages. 
charge-discharge and tube replacement rates. 
cumulative sum charts will be employed. 

First atteation will be directed toward controlling 
It is anticipated that 

Process Tube Leaks 

Mee+,ing have been held with individuals concerned with all phases of the 
reactor tube leak problem. 
carried on by Operation Research and Synthesis Operation personnel in 
support of these studies has been drawn up. 
appropriate parties during the first part of November, and work will 
commence shortly thereafter. 

A tentative program of activities to be 

mis will be discussed with 

General 

Attention is being given the possibility of using a variation of cumulative 
sum charts on the rupture control charts in place of present methods. 
Simulations are being performed at the present time in order to select an 
sppqriate mask design. 

A discussion was given of the meanings and implications involved in 
failure rate predictions for high speed scanning systems. 

T’requency distribution of the Weibull and exponential types were fitted 
xc aaza on the percentage of delay times during reactor outages. 

I23 I iiS2 r 



Sample size determinations were made in a problem concerned with the 
number of poison balls which must be tested to permit making certain 
tolerance statements. 

Numerical assistance was given in computing probbilities of detecting 
cracks in welded primary piping for the NPR Project. 

Chemical Processing Department 

z-Plant Infmtim study 

Full time training and system consultatim was terminated October 5, 1961. 
Computer capacity est-tes for alternate usage in the inspection opera- 
tion were prmided at a meeting with R. E. TsmiLinson, Manager, Research 
and Engineering Operation, CPDj &. Tellier and J. D. Ortm, EIJPO; and 
the ssles represen+atives from the General. Electric Company's Computer 
and Industry Control Departments. Consideratio= for permanent installa- 
tion of the GE-3U. computer in this ares may be given depending upon the 
evaluation of the operational requirements and funds currently available. 

The ease of system modification ts acccmnodate the process changes experi- 
enced in the fabrication area of the 2-Plant vas successfully demonstrated. 
me on-line camputer system has been modified to accommodate process 
changes several times during operatianal periods, even in cases where no 
prior notificatian was involved. 
system, bu-k for those personnel who have accepted the responsibility for 
operating, re-programming and debug@,% the system during the on-line 
demonstration period. 

Machining Develbent 

Tbis is a commendation not only for the 

Work is continuing on 
maticslly positioning 
machining qeratim. 

means of prcduciag magnetic 
and timing the Corton lathe 

tapes capable of auto- 
during a cmplete 

General 

Assistance was given in pmcessing data to demonstrate conformance to 
specifSca5ions for parts produced during the third quarter. 

A review is being made of measurement requirements (f'requency of sampling) 
relative to plutonium purity in +he final product. 
at both from the point of view of demonstrating conformance to specifica- 
tions, and of maintaining adequate con%rol of the process. 

This is being looked 

Be completion of the generalized linear regression program provided an 
opportunity to make a more comprehensive analysis of the data obtained 
in %he process tests direcfed toward greater dimensional stability. 
This program is nm being used for .analysis of the available data on 
purity,?o&Jthe plutonium at the buttan stage of the process. - t- 



d iiacussion with appropriate personnel indicated the use of a simple 
range and aversge control chart would be beneficial for the control of 
nitric acid concentration in the continuous Redox recycle stream. 

An elaborate real-time information system study does not appear justified 
in this area. 
decision will be performed in the near future. 

Vork continued on a motor pool problem for the Facilities Engineering 
Operation. Aspects of efficient use of present available vehicles as 
well as the feasibility of combining office facilities are under con- 
sidera+,ion. 

Huwever, a surrey to evaluate further this tentative 

Relations Operation 

General 

. A blood count study was requested on data from approximately 500 employees 
who had radiation exposures in excess of one rad in 1960 and data from 
about 500 other employees tested in 1960 prior to their employment at 
HMO. #The request concerned the significance of differences in average 
blood counts for the two popuiations. 

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO 

2000 Program 

Pulse Column Test Facility 

The organic inlet stream rotmeter was calibrated fran experimental data 
using a calibration function of the form previously found to fit the 
aqueous inlet stream rotameter data. Work continued on the calibration of 
the absorptimeter. 
being calibrated for aqueous uranium solutions. 
estimated to transform the aqueous calibration into the corresponding 
organic one. me mid-column photometer calibration was finished and is 
being progranmed into the master EN data reductior, system. 

One centimeter and five centimeter test cells are 
?he zero shift is being 

Reac+,g,r Effluent Studies 

Further. consultation was carried out with regard to the reactor effluent 
problem. 

Geneml 

.The malysis of data frsm the test designed to evaluate the effects of 
-uirig chrmic acid in the autoclave as 8 corrosion inhibitor was completed. - 

122 h31l 
L.Q - ,.-..- 



Available uranixm burnup data from f'uei eleneats irxdLe:ed in the K 
loops were anslyzed. 
Ln addition, an over-all estima-ke of %he heat of fission and its 
associated standard deviatim were found. 

Estimates were found of certair, errer ccinponents. 

Assistance was given in the interpret.slL,ian af sane buckli-% data result- 
ing from a critical mss study. 

A solutio= has been Dktained t1 a msthema5izal model devised to study the 
steady-st%te flr;lid flaw ?f material fr3m a dticmpartment well. in the 
ear%h. 
site measurements of the perme&ility Df p&icular su3surface strata. 

%e prgblem is one phase of an experiment designed to cbtain on- 

A mathema5ical model fx? the dif'faSiJ3 *3f kydroges ii a zirconium-clad 
uranium cgre fuel element be 3een cmst.rc;a:-ted, and a formal solut,ion 
obtained. Became of the emplicsted fimc'-,ional and algebraic strzlcture 
of %he solution, fzbher s%dy is needed befxe quan+i"tative results can 
be obtained. 

A brief report summazizing data from tes*s made (111. a sugges3ed calibra- 
tim curve for dose-film density relahimships has been campleted. 

4000 Program 

Swelling Studies 

Further caicslations are zderway m pore size distribution data to 
obtain the rel.a$ive void f'raction an3 rela%ive void density per cell as 
a f'unction of burn-up, axial positix, annealing temperature and anneal- 
ing time, 
empirical pore size distributims as they appear on micrographs in order 
ta esfimafe the %ne dis3ribution in the uranium matrix. 

bother analysis was &ts&ed in m attempt to unfold the 

Nondestructive Testing 

A series of me5ings with represe=ts$ives 3f IcstrJmer,t Research and 
Developmegt Opers5iw rcsdC,ed in an agreement to conduct az experiment 
designed to test the sensitivisy md selectivity of &? elecCuronic con- 
destructive fael element testing instmmen?,. The design was carefully 
selected sa that a csanplete ma+,hematical sr,lutlm based on standard circuit 
analysis the9ry can be -.b+,ained, c3mp;red witn ackal instrument data, 
and su'cjected t:, statist-ical analysis. 
of being %ken, mc? the formal mathem;ieal s?htlm is nearing cmpletion. 

Inst,rmerf da5a is ii the prxess 

Radiochemiesl Analysis 

Work cmtinued 33 ?.he debugging 
tive r&ti,,oT -*-. rr of a se4 of time deyeAder+, mAl+,ichannel energy spectra. 

%e c5rnpclter pragram for the quantita- 
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6000 pr~~m 

Environmental Studies 

A linear regression was fitted ta river water data collected by the 
Environmental Studies and Evaluation Section of Radiation Protection 
Operation. 
interested person. 

A letter conveying this information was sent to the 

Atmospheric Difmion Studies 

All the Operatim Green Glm sample data were transformed from IEpll cards 
ta magnetic tape and the fitting of tentative models ta selected dif- 
fusion experiment data has begun. 

General 

Work continued on the debugging of an 
analysis of the data from reference system cslibratim studies. 

program to do the routine 

MEmom DEvELapMENT 

Mathematical 

Further work was done on the algebra of four-state devices, and an 
invited paper was presented at a Northwest Regional Meeting of the 
Society for Industrial knd Applied Mathematics ec?itled, "A Reliability 

Algebra for Four-State Safety Devices". 
time-dependent probabilities of different states under several dif- 
ferent conditions of input and output hgic within the context of the 
above-mentioned algebra. 

Graphs were plotted sharing 

Nmeri cal 

E'urther debugging was done on NELLY, the nonlinear least squares routine 
discussed in Los Alamos Document LA-2367. Three of the four possible 
cases which arise in the course of the iterative fitting process have 
heen successfully debugged and the fourth is almost complete. 
summary output at the conclusionof a problem has been modified to 
include sufficient information so that the user will know in all cases 
exactly what the rmtine has been able to do with his data - whether 
the least sqxares estimation problem has been successfully campleted, 
.x if not, exactly why NEI;LY failed. 

!The 
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An interruptive package has been programmed SD that, all BIMD statistical 
routines can be used directly on the IBl 7090 without any revisicn from 
their Western Data Processing form. 

Manager 
Operations Research and Synthesis 

CA Bennett:dgl 
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PBOeRAMMlXG OPEWfi?IT 

OCTOBER, 1961 

ar-7-535 

A. PLPPOKIXIM RECYCU PROGRAM 

1. Cross Section Xvaluation 

An effective neutron temperature must be supplied to the 
Westcott spectrum employed in the MELEAGW code to develqp 
effective cross sections used. Such a temperature is 
supplied from other computational or experimental sources 
for a given isotopic makeup af the fuel; however, as burn- 
up proceeds, the isotopic composition changes which alters 
the spectrum and shif'ts the most probable neutron energy 
(i ,e ., the "effective neutron temperature"). 
to date, the effective neutron temperature used in each 
calculation is chosen to correspond to the mid-range value 
of anticipated isotapic cqositions. A study has been 
under way to develop a simple method of automatically 
supplying a neutron temperature computation within the 
lEUAGER code, The current "standard" for this phase of 
the study is General Atomics Spectrum Code. 

In computations 

It was found that many of the Spectrum runs yielded in- 
accurate neutron temperatures due to the spacing of the 
energy points. This is because the of the flux 
cm is found by the code with a parabolic fit to the 
~~~BLUI three points; however, if these three points me 
widely separated, a parabola is a poor fit to the true 
flux curve, 
series of runs with the energy points highly concentrated 
about the anticipated maximamn. However, since there was no 
basis for selecting these points, it was found that there 
were still same discrepancies in the neutron temperatures 
as calculated. 

A correction was attempted by means of a 

For the Maxwellfan portion of the flux, the flux can be 
represented by: 

Where : 

(a) E is the neutron energy in electron volts (ev). 
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(b) $ (E) is the instantaneous differential flux at energg 
E which is 

' aE+o 

or the limiting vslue (continuous) of the neutron flux, 
b, in energy lewl between E and E + A E as A E -+ 0. 
 he neutron flux, (b, is the mer of neutrons of a 

specifled energy multiplied by the corresponding velocity. 
c!nJ 

(c) Eo = an, where is the effectivt neutron temperature 

(a) 

(e) 

in 09, euld 

k is Boltzmann's Constant, (8.616 x 10-5 %/ev). 

c is a nolplallzation constant. 

Resrranging equation (l), it is seen that: 

The next approach, then, was to glot In [4 (E)/E] versus E 
and exaodpe the slope, which should be - l/Eo, from which 
Tn could be ascertained. This method proved satisfactory, 
but samewhat laborious for studies of large scope. 

Investigation was then begun to determine the feasibility 
of using a computer code to do this work. It was decided 
that a MaxweUan should be fitted to the flux points as 
such, rather than the linearized fit as mentioned above, 
in order to avoid excessively weighting the low energy 
points. 
(SPL) program Generalized Least Squares Code was used. 
Input format to this code is different fram the output of 
the Spectrum codes. Therefore, two short subroutines to 
convert the Spectrum flux output to Generalized Least Squares 
Code input were written. To date, the subroutine for the 
Generalized Least Squares Code has been compiled, and 
several cases have been run which are completely satisfactory. 

For this purpose, the Scientiflc Production Library 
The 
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To fully exploit the versatility sf' ;fie T-E, a new basis 
for determining the required plut.oniua cont,eot in IT3R 
spike enriched fuels has been recommended. This new standard 
would allm adJUetment ofthe plutonium concentration in a 
spike until a specified nuclear reactivfty is achieved, 
rather than the current specification of a given fissile 
plutonium concentration. For various isotopic plutonium 
compositions, the latter specification does insure a constant 
initial heat generation in speciflc spike fuels provided the 
differences in fission cross sections of Pu-239 and Pu-241 
are negligible. The MARK 3 PER plutonium-aluminum spikes 
covered by such a specification currently yield satisfactory 
reactivity and heat contributions using low exposure plutonium 
(LX Pu) which served as the specification basis (LX Pu is - 5.3 percent Pu-240 and the balwce essentially PU-239). 
While PFlTR critical test data show such spikes to provide 
adequate enrichment for reactor operation, these data also 
show that reducing thk spike reactivity may be detrimental 
to the program. 

The antielpated program involving high exposure plutonium 
(HX Pu) wfll not provide fully satisfactory reactivity with 
the current specification. This stems f'romthe supplying 
of neutrons to absorption in the fertile plutonium isotope, 
Pu-240, whose concentration is much greater in HX Pu than 
in IX Pu. ignoring Pu-242 and the variations in the Pu-239 
and Pu-241 fission cross sections, plutonium used in spikes 
havfng constant initial heat generation will contribute 
reactidty in inverse ratio to Pu-240 isotopic content. 
The maintenance of constant initial reactivity (using the 
current LX Pu spike reactivlty value as "standard") requires 
higher HX Pu spike plutonium concentrations than does the 
maintenance of canstant initial heat generation rat. s 
Typical calculated values for the eldsting standardTl) and 
the recommended standard are campared below. Notes on 
program effects and deviations from existing operating 
standards are included. 

(1) Bradley, J. Go, "Pu-A1 Mark I PRTB Spike Materials 
Standards", September 27, 1960, HW-66871 e 



MtYlRiIlal 

wt. 3 
Pu-240 

5 -3 

16 .s 

20.2 

23 .i 

PLETOIITUM REQ- R3R PKPR MARK I PU-AL SPlgES 

Present Stand& (a) Recommended Standard (3 1 
Heat Heat 

Total Fissile qxf kv - - -- - - Total. Fissile qxf kn 

260 246 1.550 920 260 246 1.550 90 

295 24.6 1.494 90 378 35 1.550 ll60 

309 246 1.476 920 430 342 1.550 1260 

322 246 1.464 g20 480 366 1 *550 1350 

Motes 

Genera: 

- 
(2) 

Nineteen rod cluster assemblies have an &inch long active 
length with about 5170 cm3 volume. ''Pm Engineering Data" - used for cell geametry and flux ratio relationships in 
reactivity calcula'tion. Heat generation rates me initial 
dLues for = 5 x 1013 cm'2,sec'1, with T = 130 C and -Y= 0.08. 

constant initid fissile concentration. 
mRlpfrmnn values are exceeded. 

constant initial reactivity contri.ution. 
nsxhm values exceeded include: 

NO operating stamiard(3) 

operating stm(3) 

1. 

2. 

330 g pllrtonium per spike assembly. 

14 ke; plutonium per PRCR spike loading within the k maximum 
spikes per PRTR total core loading allowed. 

3. I200 kw, maximum, per fuel channel. 

In order to permit flexibility of operation; along with the more 
appropriate reactivity to be attained under the recammended standard, 
suggested revisions to aperating standards follow. 
present license (Flnal Safeguards Analysis) will be required.) 

(Revision of our 

1. Change 330 g plutonium per spike to 400 g fissionable plutonium 
isotopic content per spike. 

2. Change 14 kg plutonium per PmR spike loading to 16.8 kg 
flssionable oluton2u.u per PHllR spike loading. 

3. Change 1200 kw per fuel channel to 1500 kv per fuel channel. 

(2) 

(3) 

"FIE% EngineerLg Data" by J. C. Fox, November 18, 1959. 

''PRFR Final Safeguards Analysis" by REDO Staff, October 1, 1959, 
(Table V, Page U8), HW-61236. 
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3. Zoned Spectrum Reactor 

As a result of renewed MC iatrres-c, ccxqutacions are beicg 
made of the reactivity limited lifetime of gl'xtonim fuels 
in an BLO reactor concept having different a.moun%s of noderator 
in various zones to allow absorption of excess neutrons in 
fertile fuel rather than in control systems. In this sense, 
such reactors are similar to the Edlund Spectral Shift 
Reactor under study by the Babcock and Wilcox Company, 
wherein the H20 is introduced in %O to adjust the moderating 
power. 
MEZEAGER code indicate that this technique may improve the 
reactivity limited fuel lifetime by from 50 to 100 percent 
over conventional batch cycle techniques. 
gain is essentially the same as that achieved by the continuous 
or "graded" cycles in which the ''freshest" Atel is put in 
appropriate proxfmity of the highest Irradiated fuel and 
thereby the excess reactivity of the new fuel prolongs the 
exposure of the highest irradiated fuel. 
involve physical shifting of the fuel to attain the same 
theoretical reactivity Ufetime value, 
spectrum method may have many overriding practical advantages 
involved with uniformity of power generation in a reactor 
and batching of fJel through processing plants. As a 
consequence of such factors, the appropriate codes are being 
altered EO as to permit investigation of the relative 
econdcs of these approaches. 

Preliminary estimates based on calculations with the 

This theoretical 

Both of these methods 

The newer zoned 

The following preljminnrv results are for a reactor 
resembling the PSWR as described in TID-8502 except, of 
course, for the changes in anounts of light water moderator 
in separate zones in the reactor. An.exact solution of the 
problem is probably beyond the present MELEAGER code due to 
problems associated with flux peaking in the moderator and 
to interaction between zones. However, the following numbers 
do appear did to the extent t.hat substantial increases in 
fuel exposure can be attained using the zoned moderator 
concept. 
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M!!MINABlX EEACTIVTTY UXlYEI) FUEL LIFrmRdES 
FOR A 3$ U-235 ENRXHED FUEL - PEYSICS 
CONSTPS AFPRQ- GTBEAPWRSTUDY 

( A k = 1.145 - 1.045 = 100 mk) 
Fuel 

no. of Expomrre 
Zones MWD/T 

A - Ideal. case, no account taken of increased 3 23,500 

added, no flux pew. 4 - 26,000 absorption cross section as moderator is 

B - Absorption cross section increased as 3 rJ 19,000 
moderator (light water) increased. 
No flux peaking. 

C - Absolption cross section increased as 3 ,., 16,000 
moderator (Ught water) increaseti. 
Thermal. flux in moderator assumed twice 
that in fuel. 

The batch discharged fuel exposure calculated for the APWR (base case 
with no zoniq) is about 13,500 MWD/T and 27,000 MWD/T graded. The 
delta k for the batch discharged base case is 1.212 - 1.045 = 167 mk, 
but this can probably be reduced to about a 100 mk if one emplays 
burnable poisons. 

It wears that the penalty for flux weighting used in case (C) above 
is too extreme, and that the true sitaatian for light water is more 
nearly like (B) above. 
sections than light water aze employed, the calculated exposures should 
lie between cases (A) and (B) above. 

Also if moderators Kith lower absorption cross 

A set of calculations are also available with identical parameters to 
those prevfously shown except that the fuel is cqosed of ~rsni~m-238 
and two atom percent plutonlm-239. 

mAmABBI;E REACTm IlnaTED rmEL LIFETIMES 
Two MOM mcm PL~O~ muam URANIUM-~~~ 

Fuel Exposure 
No. of Zones MWD/T 

\ Same as 3$ ?J-235 
B- 

case shown above. 

c- ) 
/ 

3 =,goo 
4 15,250 
5 16,850 

3 
4 

12,400 

rd 13, 300 

UNCLASSIFIED 



The batch discharged base pP~tcci-c czse (EO zoning) is 
calculated to give an exposure cf 7793 &&T/Tq 

Calculations made with an increased rmkr of zcnes show 
a slight increase in attainable exposure. 
delta k was allowed to drap only by 35 mk (1.080 - 1.045) 
before a change was made in moderator ratio, the three per- 
cent U-235 case gave an exposure of 27,025 MWD/T while the 
two percent plutonium case had an exposure of 18,350, both 
numbers corresponding to the conditions of (A) in the tables 
above. 

For cases where 

4. Salt Cycle Reprocessing Economics 

Work continued on the computer program to evaluate econmlc 
merits of the Wt Cycle reprocessing for Plutonium Recycle 
fuels. 
the base flowsheet (Conventional Solvent Extraction) program 
to operate properly and a mador revision of program logic 
was necessary. 
aqpeared to be working satisfactorily. 

Considerable difficulty was experienced in getti?zg 

At month's end this portion of the program 

Be SPECIFIC FUEL CYCLE ANALYSIS 

Preparations were made for writing and issuing a series of five 
formal reports on the fuel cycle analysis work done on a crash 
basis at the Didsion of Reactor Development request, and 
informally reported during August and September, 1961. 
Additional camputations in behalf of these reports are being 
held to the planned iteration of the successive plutonium 
recycle steps emplaying +,he cHA77J MEIEAGER code. 

Fuel element fabrication cost calculated using a model fie1 
fabrication plant have been made with %he FEFJ portion of the 
RIGOROUS ECONOMIC code. Due to the restrictions which the code 
places on the plant operation, agrement with hand calculations 
of only ten percent was reached. 
fraan the fact that zirconium makes up two-thirds of the total 
cost. The code was designed assumlcg the cost for jacketing 
materials would be less than this campared with labor and 
macw costs; thus, the code does not handle zirconium scrap 
or parallel line of manufacturing processes without special 
innovations. Code revfsions are being recommended. 

Most of the difficulty stems 

The preparation of the set of uranium price schedules requested 
by the Division of Reactor Development was begun. This request 
necessitated some changes to the uranium cascade computer code 
and these modifications are currently being made. The computa- 
tions are scheduled to be finished by November 22. Price schedules 
will be calculated for all combinations of 25 values for the 
cost of the feed material and 29 values for the cost of separative 
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duty. These values are determined by varying the cost of feed 
from 50 to 170 gercent of the presert cost ($23.50 per kilogram) 
and mjing the cost of separative duty from 30 to 170 percent 
of the present cost ($37.29 per kilogram) in five percent 
increments. These amount to roughly three times the number of 
schedules prepared for the Division of Reactor Development Fn 

April (725 as compared to 256). 
WFIl have about twice as many enrichments computed for it. 

In addition, each schedule 

Zapmvement in the precision of the computation codes and of 
conmanication with the codes is continually being made. 
Currently an e-4 effort is being made to bring the codes 
to a practical balance of technical excellence and practical 
usability. Many alterations are under and a selected few 
follow as a matter of general interest. 

The QUICK economics code has over the past year, had many addi- 
tions to the main program. Every time one is made, it requires 
costly assembly of the entire main program on the computer. 
To avoid this, the main program is being split into many deer 
units which are relatively inexpensive to assemble. 
MEI;EAEER code was revised to handle thorium fuels as well as 
any variation in u-238 or thorium density desired. 

The CHAIN 

Modifications to the PROTEUS code were completed, but work on. 
the accuracy check is still in progress. 
basic fie1 burnup data developed by the more costly MELEAGER 
code. ) The modifications include: 

(PRUEUS expands upon 

1. A merge routine that wiU allow "fill-in" MEI;EAGER runs 
to replace and/or to supplement previously calculated 
data. 

2. An error checking routine that will calculate the error in 
the polynomial curve fits ofthe most important concentra- 
tion in each case. 
message if the average erkor, based on the maxhum concentra- 
tion, exceeds three percent. 

The program will print out a warning 

3. A device whereby certain selected cases can be calculated 
fYm a data tape reel which may contain 20 to 50 cases. 
This will allow cases with error messages to be recalculated 
without redoing the entire set of cases. 

An investigation into the effect of the number of data points 
supplied PROTEUS on the accuracy of the polynomial fits was 
initiated. 
data point suFpli?d, e7rex-y other point, every third point, etc. 
In all of these, the first ten points were always used, however. 
Work to date indlcates that about 25 points are the optimum 
mmber. 

Tie 9rxedure is to calculate a case using every 

UNCLASSIFIED 
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For example, the U-235 concentration calculation error for a 
specific cese is shown for different numbers of time steps 
used: 

Number of 
Percent Time Steps Total Percent Error 
of Data Skipped Number of Number of Based On 
Points For Each Time Steps Time Steps Initial U-235 

Step Used Available Used Concentration Used 

100 0 46 
61 1 46 
47 2 46 
41 3 46 

46 
28 
22 
19 

10.2 
0.2 
1 *5 
3 *5 

1. Mercury Isotopes 

The first rough draft of the mercury-204 report is completed. 
Of the computations completed to round out the study, the 
following one is of special interest. 

Camputations show that the reactivity change upon mercury-204 
boil out in a representative lattice using rigid fuel elements 
will be in the range of .008 to .014 delta K. 

A cylindrical fuel element was assumed with the following 
dimensions. 

Outside Radius 
Refion Ccarrposition of Region 

&n 

1 Mercury-204 0.636 ~ 

3 U02-U-2 35 Wic hed 1.500 
4 Stainless Steel 1.563 

2 Stainless Steel 0 e700 

5 Graphite (Varies with SDW)* 

Moderator Volume 
* mm = gs Fuel volume 

5 = Logarithmic Energy Decrement 

ss = Thelplal Scattering Cross Section of the Moderator 

I23 l44b UNCLASSIFIED 
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For an SDPV = 1, the following results were obtained. 

u-235 Enrichment = 6 Percent 

Density of Mercury-204 
in Coolant Channel 

k 

100 (NO kiung) 
88.8 
77.7 
66.5 (One-third Voids) 

55.3 
44.1 
33 -0 (TWO-third Voids) 
a .78 
10.61 
0.00 (Dry Tube) 

OI 
K 

1 .11350 
1.~448 
1.~546 
1 .U643 
1 11739 
1 a836 
1.11931 
1.12026 
1 .I2121 
1 .E2 (Extrapolated) 

It will be noted that the reactivity increases as mercury-204 
boils out. 
mercury-204 cost) in application of boiling mercury cooling 
in thermal reactors. Several innovations to eliminate this 
characteristic are treated in the document of which the 
follaving am representative. 

This constitutes the major problem (aside from 

A negative reactivity coefficient can be obtained by t& 
placement of an extremely sma~ rod (0.1 cm radius) of high 
thermal neutron absorption cross section in the center of the 
coolant region of the above element. 

Example - Case B-121 

U02 he1 - Four Percent U-235 Enriched 

Density of Mercury-204 
in Coolant Channel 

% 

100 (No boiling) 1.25562 
90 1.25503 
50 (5G Percent Voids) 1.25183 

10 (90 Percent Voids) 1.24559 
30 1.24950 

UNCLASSIFllED 
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r. 

'- 

Analysis also showed that at certain SDPV's a slurry Azel can 
have a negative reactivity coefficient for a decrease in 
spatial density of the slurry region. 
sound. 

The analysis appears 

2. Radioactire Heat Sources 

The final report, HW-71319, "A-railability and Applications for 
~h~rium-230 (Ionium) from the Uranium Ore Milling Industry in 
the United States," was completed and distributed. 
document the following significant details were developed: 

In this 

a. 

b. 

C. 

d. 

e. 

f. 

The availability of thorium-230 has been extended even 
further by the results of additional laboratory analyses 
of uranium ore mill feeds. 

The St. Louis airport residues are shown to be rich sources 
of valuable elements such as nickel, cobalt, and particularly 
selenium as well as thorium-230 (200 + kg) . 
Under certain and reasonable conditions, neutrons for various 
target irradiations should be available from low enrichment 
power reactors at about $4,000 per graan. 
that the neutron cost for the manufacture of special radio- 
isotopes such as Pa-23 should be about $17 per gram of 
such isotopes, a cost substantially below other costs 
involved in the preparation of such materiab. 

This indicates 

Protactinium may be most economically produced in power 
reactors such as Indian Point, Elk River, and Dresden 
concurrently with the exposure of thorium containing a few 
percent of thorium-230. Such a procedure could result in 
uranium-232 production at one-half the cost which had been 
assumed in earlier studies. 

Based on economics, uranium-232 (and thorium-228) via such 
methods continue to appear highly favorable materials for 
application as radioisotopic power producers and could 
logically compete with alternate materials such as 
strontium-90, plutonium-238, cesium-137, promethium-147, 
and curium-242. 

If it is assumed that thorium containing two percent 
thorium-230 can be obtained for $20 per gram of thorium-230 
for use as a target for special radioisotope preparation 
(protactinium-23), five percent material may be worth 
about $27 per gram but material 0.7 percent and less is of 
only marginal value. 



3. Ha2ard.S Analy ses 

Activities this month continued on the evaluation of radiological 
consequences of various types of accidents associated with the 
NPR and the shipment of radioactive materials, particularly 
cerium-14-4 and plutonium. 
Radiation Council, "Background Material for the Develupment 
of Radiation Standard6 for Uranium Mining," was reviewed and 
ccummxrts provided to interested persons. 
to the AEC Fsllout Studies Branch on syggestions for topics of 
discussion at a forthcoming conference on radioiodine. 

Draft reyort number 3 of the Federal 

Ccnnnents were provided 

for Manager, 

ProgramPling 

WK Woods:EAE: jm 
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RADIATION PROTECTION OPERATION 
REFORT FOR THE MONTH OF OCTOBER 1961 

A. ORWZATION AND PERSONNEL 

Lawrence B. h-iest was transferred fran Internal Dosimetry to Reactor and 
Fuels Research and Development Operation on October 2. 
ferred to Technical Administration Operation from External Dosimetry on Octo- 
ber 16. 
Research and Development Operation on October 27. Transfers within the Radi- 
ation Protection Operation included: Phil C. Friend transferring from Radiation 
Monitoring to Radiological Developent and Calibrations on October 16; W. Mickey 
O'Bryan transferring from Environmental Studies a& Evaluation to Radiation 
Monitoring on October 16; and Charles A. McCoy transferring from Radiation Mon- 
itoring to Environmental Studies and Evaluation on October 16. 
now totals 132. 

Adella B. Rouse trans- 

Maurine M. Murphy was transferred-from External Dosimetry to Chemical 

The work force 

B. ACTIVITIES. 

Occwational Exposure Experience 

There was one case of plutonium deposition confirmed by bioassay &lyses 
during the month. The total number of plutonium deposition cases that have 
occurred at Hanford is 272, of which 197 are currently employed. 

Regular processing end evaluation of the film bae dosimeters for a reactor 
maintenance employee and a 100 Area construction laborer indicated whole body 
doses of 1.4 r and 2.1 r, respectively, which exceeded the operational control 
limit of 1 rem in a four-week period. A review of the activities of the main- 
tenance employee showed work assignments in four reactor areas during the period 
that the exposure occurred. Analysis of the work performed, with regard to the 
exposures received by fellow employees on the same assignments, did not provide 
a satisfactory explanation for the exposure. 
activities of the construction worker also failed to describe the conditions of 
exposure. Mo relationship between the two exposures was apparent although both 
individuals worked in the 100 KArea on corresponding dates during this period. 
Previous accumulated dose for the calendar year for the construction employee 
was nominal. The accumulated penetrating dose for the calendar year for the 
maintenance employee, including the incident described, is 3.4 r. 

Similarly, analysis of the work 

A review of unplanned whole body radiation exposures in excess of the local 
control limit of 1 r in four weeks indicated that six incidents involving eight 
individuals who received doses in excess of 1 r have occurred in 1961. Five of 
these exposures were detected through routine processing and evaluation of their 
film badge dosimeters. This frequency is higher than previous years. 

Regular processing and evaluation of the finger ring film dosimeters worn 
by an EL0 technician while working at the 231 Building indicated a hand dose 

1231450 
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of about 8 rems. 
eqosure although his work assignments for the period had involved the handling 
of unusual quantities of aaterial. 

Investigation did not provide a specific reason for the unusual 

Minor injuries Incurred by two CPD employees were examined for plutonium 
contamination in the Whole Body Counter. 
observed in one instance. A process operator at the 234-5 Building suffered a 
minor finger laceration while machining plutonium metal. Initial examination 
revealed 4 x 10-3 pc of plutonium which was reduced to 2 x 10-3 pc by medical 
excision. Bioassay sampling vas scheduled. 

Detectable plutonium contamination was 

Radiation monitoring was supplied for physical Testing Operation during 
radiography work at EKlICO Facilities, Big Pasco. 
equipment at an off-site work location, with non-HAP0 employees in the general 
area. 

The work involved use of X-ray 

The work was completed without incident. 

Failure to return irradiated samples to their storage cave during the course 
of off-shift work in the 326 Building caused dose rates to 100 =/hour to exist 
in adjoining rooms over a week end period. 
60 mr received by a casual overtime office worker in the room directly overhead. 

The maximum dose to personnel was 

Monitoring activities at PliTR were largely associated with scheduled shut- 
down work involving maintenance, leak checking, and fuel and tube inspection. 
Average dose rates durirg fuel and tube inspection were 50 mr/hour With radi- 
ation beams up to 38 r/hour. 
1.1 x 10-5 p/cc in B cell durlng an operating period. 
removed from C cell sump and a jumper had corrected surface dose rates of 32 
-/hour and 60 rads/hour, respectively. 
systems at the PRTR were 253 pc/ml in the moderator, 38 pc/ml in the primary 
coolant, and 205 p/ml in the reflector system. 
PRTR employees showed 7.2 pc T/1 corresponding to a whole body dose of 50 mrem 
in the following 28 days. 

Burial ground no. 6, the proposed site for the Fuel Recycle Pilot Plant 
(FRPP), was opened by digging trenches through the burial gromd to determine 
the depth of the burial ground and level of contamination contained. Scrap 
metal contaminated to a few mr/hour was uncovered. The depth of the burial 
ground appears to be about eight feet. 
be reasonable to move burial ground no. 6 again and construct the FRPP in this 
general area. 
shielding calculations and the radioactive material inventories upon which they 
are based. 
determine that the shielding provided will meet the design criteria set forth 
in the Hanford document HW-68954, Rev. 1, "Radiological Design Criteria for the 
Fuel Recycle Pilot Plaat ". 

Noble gas daughters activity reached a maximum of 
Metallic foreign objects 

Tritium concentrations in heavy water 

The maxhun bioassay sample in 

These studies indicate that it would 

Other discussions relating to the FRPP desigr have centered around 

A number of work locations in the FRPP require further analysis to 

A aodest program to measure any trends in the uptake of cesium-137 in humans 
was Laitiated at the request of the Division of Biology and Medicine. Five 
2ersons will be examined in the Whole Body Counter on a weekly basis for an 
;nkefi?Ate period of time. 

UNCLASSIFIED 
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Environmental Experience 

A release of ;articulate radioacrvive material from 6n open diversion box 
(i5i-A) near the Purex facility contaminated ground and building surfaces in 
the exclusion area. 

was readily removed. 
incident in a narrow strip southeast of Furex to the Columbia River at a point 
a few miles north of the 300 Area. 
plant perimeter. 
diversion box results in a high likelihood of spread of particulates each time 
the box is opened. 

Standard procedures were used .to fix the ground contami- 
'i - nation. Particulate contamination of several vehicles in and near the area 

Environmental surveys detected contamination from the 

No contamination was detected beyond the 
The thermally hot and highly contaminated condition of this 

Analytical results from air filters and rain, and gamma dose rates three 
feet above the ground were reported to AEC-HOO on a daily to weekly frequency. 
Maximum amounts observed in the Tri-City area during the month were: 
ppc/m3 of air, 16 ppc/ml rain water, and 550 ppc I1jl/l of milk. 

16 

Approximately 100 contacts -with fishermen were made by personnel of the 
State Game Department during the month. With the advent of hunting season, a 
surrey of the duck and goose bag of local hunters was initiated by the Game 
Department. A special form was supplied to game protectors for this survey; 

A total of 85 fish comprisir! ten species, predominantly whitefish, suckers, 
chlselmouth, and squawfish was obtained from routine sampling locations at 
Priest Rapids, Hanford, Richland, axd Bupbank. Ninety-eight tissue samples 
from these fish were prepared and submitted for radiochemical analysis. 
seven ducks coqrising seven species, predominantly maUards, mergansers, ard 
coots were taken from three sampling locations wlthin the Hanf'ord reservation. 
Eighty-five tissue samples from these ducks were prepared and submitted for 
radiochemical analysis. 
received for analysis from 3outheasterc Washington hunters during the month. 

Forty- 

A total of 671 duck beads and 51 goose heads was 

No routine background aerial survey flights were made during the month. 

Forty-thee routine and eight special produce samples were obtained for 
radiochemlcal analysis. Routine samples consisted of milk and pasture grass 
from the Ringold, Riverview, and Benton City areas; ten sets of bovine thyroids; 
and three samples of Willapa Bay oysters. Special samples consisted of two 
samples of commercial ground beef and six samples of commercial milk. 

Sharp increases in the iodine-131 concentrations in milk and pasture grass 
were detected during the month. Commercial milk samples produced in Western 
Washington and purchased locally indicated iodine-131 concentratlons as high 
as 840 ppc/l. Iodine-131 concentrations in milk produced by locally pastured 
cows reached 550 wc/l. These increhses are apparently attributable to weapons 
debris from atmospheric testing, and are similar to measurements found in other 
areas receiving fallout of weapons debris. 

The second official Memorandum by the Federal Radiation Council (FRC) for 
radiation protection guidance of Federal agencies was published in September 
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and received early in October. 
orderly reduction in the anounz of iodine-i31 reieased to the atmosphere. Plans 
were made for improvement of iodine-131 nensurement techniques and for reduction 
of the local control limit. The present limit restricCus release of iodine-13 
to the atmosphere to 10 curies per week. Preliminary steps were taken to reduce 
this control limit to 2 curies per week averaged over a yem's period. 

The principal effect on iIanford will be an 

Sxdies and Impravemnts 

Progress was made on the cmpletion of several emergency procedures includ- 
ing the Columbia River Emergency Plan, the Emergency Plan for a Critical Radi- 

ation Event, and the Emergency Procedures for %he Region 8 Off-site Monitoring 
Team. 
and self-reading dosimeters in emergency monitoring kits were completed. Five 
emergency kits were distributed to field locations with instructions to Radiation 
Mollitoring personnel. 

The procedures for routine checking and replacement of the dose rate meters 

Two high-level dose rate meters, a supply of high-level self-reading dosi- 
meters and charging equipment were installed in the 703 Ehergency Relocation 
Center. Other supplles added to the 703 ERC included two copies of architectural 
drawings of process facilities at Banford and additional road maps for Washington 
and Northern Oregon. 
the EnvlroAmental Monitoring Operation for use in radio-equipped vehicles. 

Road maps identical to those in the 703 ERC were issued to 

Investigation of the dispersion of effluent from PRTR into the Columbia River 
continued with the use of dye. The test carried out on October 24, confirmed 
observations of the previous test made during August that the effluent follows 
the Plant side of the river in a reiatively narrow plume to the northern part 
of Richland. 
used in calculations for the radionuclide concentration in the effluent which 
should trigger full containment of PRTR were very conservative. 

Analysis of samples indicate, however, that assumed dilution factors 

The control limits for release of strontium-90 to the atmosphere from the Hot 
Semiworks are beingreviewed in view of the plans for operation of this facility. 

Initial fission product inventories were computed for the Redox and Purex 
plants to be used in the hazard arslysis work for the Chemical Processing Deprt- 
ment. The inventory to be used for the hazard analysis of NPR was also computed. - 

Preliminary arrangements were made with Chemical Effluents Technology and 
Facilities Engineering for a joint comprehensive study of liquid waste handling 
facilities and practices in the 300 Area. 

Debugging of the automatic densitometer continued throughout the month. 
Improvements were made In the detector head to provide closer tolerance in film 
gosixoning. 
ts provide improved payroll reading ability of the automatic densitometer. 

The lead tape perforations for p~poll identification were enlarged 

L,iiibraticn of the glass fluorod dosimeter contained in the new personnel 
3- - 

-d.a~ae:zr was studied for doses up to 10,000 rads. Energy dependence data 

1231b53 
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was obtained for 16, 78, and 100 Kev X-rays. 
effectively flattened by the 0.02 IEC~ tantalum tube shield. The dose due to 
gamma photons with energies greater than 100 Kev can be obtained directly from 
the tantalum shielded fluorod and the calibration curve. An estimate of dose 
due to gamma photons with energies less tkn 100 Kev can be obtained by observ- 
ing the difference between the responses from the tantalum shielded fluorod and 
the unshielded fluorod. 

Response of the fluorods was 

A mechanized system for X-ray coding ssecial non-routine personnel dosimeters 
was designed and fabricated. 

The response of the moderator foil criticality dosimeter was calculated for 
several energy spectra. 
d546 of the actual assumed dose, Neutmn spectra from Godiva 11, puF4, U235 
fission, PoB, RaBe, and PoBe were considered in the calculations. The average 
neutron energy for these various spectra rmged from 1 Mev for the Godiva I1 
spectra to about 4.5 MeV for the Po& neutron spectra, 

In each case, the dosimeter response was found to be 

A precision current gegerator wPth an absolute accuracy of O.OZ$ was obtained 
and used in further studies of the silicor. diode neutron dosimeters. The 0.075 
inch and 0,065 inch silicon diodes were exposed to monoenergetic neutrons at 
energies varying from 0.459 MeV to 17 MeV. Forward resistance changes for a 
given neutron dose within this energy range were observed to be essentially 
equal. The response of the dosimeter to the monoenergetic neutron dose was 
generally lower than that observed using neutron sources with wide energy spec- 
tra. This would seem to indicate that the silicon diode dosimeters have increased 
sensitivity to neutrons of lesser energies. Further studies of the response at 
lower energies will be required to fully describe the performance characteristics. 
A study of the annealing of neutron damage to a set of five silicon diode dosi- 
meters indicated a decrease of 0.3$ during a two-week period. This nominal 
decrease indicates that annealing of neutron damage will not be a problem in the 
practical field use of these dosimeters. 

The performance of a new model EF neutron survey meter was investigated with 
a semi-spherical moderator and a smal? 0.250 x 1.25 inch BF3 tube. The general 
shape of the dosimeter moderator is that of a 9 inch sphere weighing approxi- 
mately 12 pounds when fabricated of polyethylene. 
assembly was demonstrated to be within +_$. 
observed with this moderator and the BF3 tube are in good agreement with values 
established by Dr. DePangher in his original work ~5th the larger double moder- 
ator system. 
instrument. 
and 120, 1200 and 12,000 mrem/hour for fast neutrons were attained. 
ating voltages of the small BF 
currently used HF3 tubes may b2 used for incrfased Sensitivity as required. 

The use of closed circuit television equipment with conventional microscopes 
for reading neutron tracks in NTA qlm was investigated. A television camera 
and e 600 Unes per inch monitor were obtained on a loan basis for investigating 
the feasibility of this system. Favorable results were obtained in track count- 
i.lg for both proton recoil tracks and alpha tracks. 

The angular dependence of the 
The dosimeter to fluxmeter ratios 

A factor of 50 reduction In sensitivity was obtained with this 
Nl scale readings of 4, 40, and 400 mrem/hou for slow neutrons 

The oper- 
tubes have been adJusted so that the larger, 
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.- 
L. . VISITS All! VISITORS 

The fcllowing visitors met with irarious members of the Radiation Protection 
Staff during the month: 

Mr. Koenig ) 
Mr. Davidson) - General SeMces Administration, Seattle Regional Office 
Mr. Logan ) 

0. J. DuTemple - Executive Secretary, American Nuclear Society, Chicago 

D. Harward - U. S. Public Health Service, Saa Francisco 

Dr. A. C. Anderson ) 
Dr. M. Goldman 
Dr. R. H. Della Rosa) 
Dr. G. N. Taylor - University of Utah 

) - University of California 

F* E* 
W. M. Olliff) 

- Savannah River, &en, South Carollna 

W. F. Wlow - AEC, Fallout Studies Branch, Di-rision of Riology and Medicine, 
Washington, D. C. 

Icazuhiko Imai - Brookhaven Rational Laboratory, Meteorological Division 

Members of the 
month included: 

H. V. Larson - 

R. Fa. Foster - 
- 
- 

F. L. Rising - 

F. Swanberg - 

A. R. Keene - 
- 

Radiation Protection Operation visiting off-site during the 

Lawrence Radiation Labo-ratory, University of California, to 
attend an information exchange on neutron monitoring. 

IN&, Vienna, Austria, to participate on the IAEA Fanel on 
Radioactive Waste Msposal to Fresh Waters. 
Windscale and Calder Works, &.gland, for discussions on 
environmental momtoring studies. 
Pacific Northwest Pollution Control Association, Tacoma, to 
attend meetings and chairman a session on Industrial Wastes. 

University of Washington, Seattle, to make radiation measure- 
ments. 

Argonne National Laboratory, to a+,tena 7th Annual Meeting of 
Bioassay and Analytical Chemistry. 

Oak Ridge National Laboratory, to attend Annual Information 
Meeting of Health Physics Division. 
Oak Edge, Tennessee, to attend meeting of Board of Directors 
of Health Physics Society., 

\ 
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D. RELATIONS 

Ten suggestions were submitted by the personnel of the Radiation Protection 
Operation during the month; thus, the total submitted in 1961 stands at forty- 
four. 
submitted by RPO personnel are pending evaluation. 

Two suggestions were adopted and one was rejected. Twelve suggestions 
'. 

There were three medical treatment injuries during the month for a frequency 
of 1.41. No security violations occurred during the month of October. 

Leo F. Kocher was licensed as a professional engineer in Mechanical Engineer- 
ing in the State of Washington on October 2. 

The first of three seminars on the "Consequences of Release of Radioactive 
Materials to the Atmosphere" was presented by E. C. Watson. 

G. E. Backman presented a talk to the Uwanis Club of Dayton, Washington, 
on the ''Eanf'ord Radiation Protection Program". 

A. J. Stevens attended a meeting of the Kennewick City Council regarding 
Civil Defense matters to answer questions regarding fallout. 

A two-hour lecture on basic principles of radiation terminology and measure- 
ment was presented to thirty-five members of the National Guard at WaU WaUa 
by D. N. Brady. 

Radiation protection orientation included lectures to Biology Research per- 
sonnel, 300 Area Electricians, personnel at FCTR and F"R, and Physical Metallurgy 
Operation personnel. 

A "safety monitor" program was established for the five Radiation Monitoring 
offices in the 300 Area. 
3705 Building, as well as the buildings 'assigned to the Radiation Monitoring 
Operation. 
suggestion award was presented. 

Safety and housekeeping inspections were made in the 

Safety meetings were held throughout the Operation and one safety 

E. SIGNIFICANT REPORTS 

HW-68082 - ?Radiological Background Studies of the Plutonium Recycle Test Reactor 
Site, August-October, 1960", by L. D. Williams. 

HW-69368 - "A Compilation of %sic Data Relating to the Columbia River, Sections 
0 through 6.2", edited by R. F. Foster. 

HW-71133 - "Film Capabilities for High Level Dose Evaluation", by R. H. Wilson 
and H. V. Larson. 

HW-71203 - "Evaluation of Radiological Conditions in the Vicinity of Hanford, 
July-September, 1961", by Environmental Studies and Evaluation Staff. 

UNCIASSIFIBD 
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HW-71329 - "Analysis of Radiological Data for the Month of September, 1961", 

HW-71555 - "Monthly Report - October, 1961, Radiation Monitoring Operation", 

by R. F. Foster. 

by A. J. Stevens. 

"High Level Radiation Dose Evaluation Methods and Procedures", by 
R. H. Wilson. 
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PERSONNEL DOSlMETRY AID RADIOILZICAL REX!ORDs 

External Exgosures Above Permissible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanf or d Pocket Dosimeters 

Dosimeters Processed 
Paired Results - 100-280 mr 
Paired Results - Over 280 mr 
bst Results 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - loo-300 mrads 
Results - 300-500 mrads 
Results - Over 500 mrads 
Lost Results 
Average Dose .Per Film Packet - mad (ow) 

- mr (4 

Hanford Neutron Film Badge Dosimeters 

Slow Neutron 

Film Processed 
Results - 50 -100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lo st Results 

Fast Neutron 

Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over' 300 mrem 
bs t Results 

Hand Checks 

Checks Taken - Alpha 
- Beta-gamma 

Sklc Contamination 

?lutonium 
Fissicin Products 
Urgnium 
Tritium 

I23 i !58 

Oct . 1961 to Date - 
0 0 

0 1 
0 0 

2,970 
14 

39,720 
406 

0 20 
0 0 

10,364 102,463 
1,015 9,522 
139 1,293 
23 237 
26 307 

22 9 39 22.69 
9.82 8.48 

2,397 
1 
0 
0 

13 

781 
3 
6 
0 

13 

29,744 
%928 

31 
40 

14,763 
1 
0 
0 

76 

3,788 
377. 
124 
.o 
76 

330 , 474 
480,180 

30 5 
466 

0 46 
0 20 

UNCLASSIFIED 
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Oct . - Male Female - Whole Body Counter 

GE Ebrployees 
Routine 
Special 
Terminal 

Non -employees 
Pr e-emglo pent 

Bioassay 

54 1 55 
2 0 2 
ll 4 15 
2 0 2 

0 

3 

Confirmed Plutonium Deposition Cases 1 

Plutonium - Samples Assayed 267 - Results Above 2.2 x ucPu/Sample 2 
Fission Produdx - Samples Assayed 179 

- Results Above 3.1 x 10-5 pc 
FP/Sample o 

Uranium - Samples A68aycd 100 
Biological - Samples Assayed 0 

1961 to Date 

564 
59 
97 

2 
9" 

5,044 
125 

5,580 

14 
2,365 
196 

Uranium Analyses 
Following Period 

Units of 10- pc U/CC 

Number Number 

?Ysure of No. E 

Sample Description Maximu Average Samples Maximum Average Samples 

Fuels Preparation 18.2 3.3 37 4.4 1.9 23 
Fbels Prepasat ion* 0 0 0 0 0 0 
Hanford Laboratories 5.3 2.3 19 18.6 3.2 a 
Hanford Laboratories* 0 0 0 
Chemical Processing . 0 0 0 
Chemical Processinp 0 0 0 
Special Incidents 0 0 0 
Random 0 0 0 

Tritium Samples Maximum Average 

Urine Samples 

Routine 5.1pc/l 2.29 pc/l 
Samples Above 5.0 pc/l 13.0 PC/l 5.8P/l 

D$ Samples 
Moderator 

Reflector 
Primary 

Vater Samples 187.52 s/ml 29.99 w/d 

0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 

Count Oct . Total - 

54 
20 

74 

10 
12 

10 
32 

169 169 

* 7% total number of plutonium deposition cases which have occurred at Hanford 
- _- r ._- +--, - 272, of wnich 197 are currently employed. 

* Saz~les taken prior to and after a specific job during work week. 
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Salibrat ions 

Portable Instruments 

CP Meter 
Juno 
GM 
Other 

Audits 

Personnel Meters 

Badge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

G-11 

- 

940 
248 
527 
179 
103 

1 , 997 

1,620 
0 

3 
1,317 
5,263 

m-71535 

Number of Units Calibrated 
Oct . 1961 to Date 

6 RADIATION PROTM=TION 

AR Keenezljw 

UNCLASSIFIED 
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LABORATORY AUXILIARlEs OPERATION 
MONTHLY REPORT - OCTOBER, 1961 

Hw-71535 

GENERAL 

There were no security violations charged to the Operation. 

There were no major injuries; the minor injury frequency rate was 3.32 
for the month and 2.92 for the year-to-date. 

TECHNICAL SHOPS OPERATION 

Total productive time for the period wss u,872 hours. 
17,738 hours performed in the Technic& Shops, 3,519 hours sssieped to 
Minor Construction, 93 hours assigned to other project shops and 522 
hours assigned to off-site vendors. Total shop backlog is 20,605 hours, 
of which 60 per cent is required in the current month with the remainder 
distributed over a three-month period. Overtime hours worked during the 
month was 4.8 per cent (894 hours) of the total available hours. 

This includes 

Distribution of time was as follows: 
Man-hours 5 Of Total 

Fuels Preparation Deparbnent 4,247 19.4346 

Chemical Processing Department 635 2.904 
Hanford Laboratories Operation 15,178 69.39 

Irradiation Processing Department. 1,798 8.224 

Construction Engineering & Utilities Operation 14 . 0646 
Requests for emergency service increased slightly requiring a 4.89 overtime 
ratio compared to a 3.74 ratio for the prevlous period. 

At the close of the reporting period, there were four open requisitions for 
Machinists. Qualified candidates have been interviewed and are in process. 

There were seven medical treatment injuries which is within the forecasted 
parameters established for this Operation. 

CONSTRUCTION OPEMION 

There were 62 existing J. A. Jones Company orders at the beginning of the 
mnth with a total unexpended balance of $152,230. 
4 supplements and adjustments for underruns amounted to $100,736. 
tures during the wnth on HLO work were $94,326. 
backlog at mnth's end was $158,640. 

Ninety new orders, 
Expendi- 

Total J. A. Jones 



H-2 m-71535 . 

RL CEw 
summsry 

Unemended Unexpended 
NO. Balance - €lo. B&ce - 

Orders outstanding beginning of month 61 $ 149,496 $ 2J734 

J.A. Jones Expenditures during mnth 86,346 7, 980 

Issued during the month (Inc.Sup.& Adj.) 94 94,036 6,700 

1 1,454 Balance at mnth' s end 
Orders closed during month 68 42,100 

Current Maintenance Work Orders - 9 

(Dlc. C.O. costs) 

1flJ186 - 0- 

83 

Face Value - $15,562. 

work on clearing of exceptions on Pmject CGH-834 - 189-~ Building are 
nearing completion. 
two instrument air cyliader valves were received and instslled. 
punch list work except a safety valve on the downstream side of the 5,000 
psi filter have been completed. 

The high pressure compressor 4th stage check valve and 
All known 

Two acceptance tests remain to be performed and the bleed heat exchanger 
alteration KUI have to be done. 
is here to give a decision on how to prevent baffle leakage. 

The heat exchanger vendor representative 

FACILITIES ENG- OPEWION 

Project Actidty 

At month's end Facilities Engineering Operation was representing the 
Company on 15 projects h8-g total authorized funds in the amount of 
$2,892,600. 
Expenditures on these projects through September 30, 1961 were $623,000. 

The total estimated cost of these projects Is $7,787,000. 

The following summarizes the status of FEO pmject activity: 

Number of authorized pmjects at month's end 15 

Number of new pm jects authorized in October 1 
CAB-922 - Burst Test Facility for Irradiated Zr Tubes 

Projects completed in October 
CAH-gOl - Structural Materials Irradiated Test 

Eqqipment - ETR 
1 

New project proposals submitted to AEC in October 1 
CAB-932 - 300 Area Retention Waste Expansion System 

(Resubmitted) 
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New grojects awaiting AEC approval: 
CGH-918 - Second Whole Body Counter Facility 
CAE-917 - Field Service Center 
CAH-932 - 300 Area Retention Waste Expansion System 

Hw-'IL535 

3 

Project proposals complete or nearing completion are as follows: 
Modifications to the H-1 ~pgp - 105-H Building 
Critical Mass Lab. - Stage I1 

Englneering Services 

Title - Status 

Pressure Vessel and Piping Systems - 
Engineering & Inspection Service 

"Split-Half" Machine for Critical 
Mass Studies 

Design is essentially complete. 

Lnstallation is complete. 

Process Tube *nitor - 309 Building Desilpl started. 

HLO Eledrical & Si& Systems Buildings are routinely metered and 
records maintained. A lighting level - 

survey is being made in aU buildings. 
Signal systems are being stsndardized 
and aJ.l systems including criticality 
annunciator will be centrally monitored. 

Monorail TroUey - 326 Building New insulated electrical conductors 
being installed on trolley as a safety 
precaution will be completed during 
November. 

Power Transfer Switch - 306 Building A new switch is being installed for 
transferring electrical loads during 
emergency power periods. 

Rezoning of "B" System - 325 Building Work of adding five separately con- 
trolled zones will be completed during 
November . 

Room Air Conditioner - mom 21-A Equipment is on order. 
326 Building start during November. 

RDom Air Conditioner - Room 1OA & 

Duct work will 

Work is planned to s*rt next mnth. 
la, 326 Building 

20- Motor Generator Set - 306 
BuildLng 

Ins+&ation is essentially complete. 

I23 I 
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Drafting and Design Services 

The work load in the 3706 Building drafting mom and in the 327 Building 
is steady with no overtime required. 
1707-I, Buildings are steady with some overtime required. 

Work loads in 306, 34, 308, snd 

The equivalent of 163 desi&.drawings were completed this mnth as compared 
to 152 last month. 

Major design and drafting work in progress during the month includes the 
following: 

1. Ultrasonic Development Tank - 13 drawings required - work completed. 

2. Fission Product Packaging Eqyipment - 22 drawings issued for comment. 
About 50 sdditional drawings are =@red. 

3. Shim Rod Drive Mechanism - PLFR - 10 drawings required - 5G$ complete. 

4. Optical Measurement Device - In-Reactor - 5 drawings completed. 

5. ,Grsphite Creep Capsule - wrk cancelled. 

6. Control Rod Drive Mdification - 5 drawings completed. 

7. 

In addition to the above, a considerable number of minor desigu jobs of 
one to two sheet magnitude a,re being produced. 

Tensile Test Holder snd Capsule - 4 drawings required - 75s complete. 

Plant Maintenance beration 

Costs for September were $164,151. 
casted expenditures. 

Year-to-date costs are 98.3$ of fore- 

Analysis of costs 

Maintenance costs ran slightly behind predictions for the first quarter, 
while utilities were slightly ahead. The total expenditures were $7,000 
under forecast. 
than forecast, while utilities were $4,000 higher. 
month was mst $20,000 above forecsst. 
the quarter the balance was $7,000, the rate of expenditure must be curtailed. 
During the midyear budget review, it was determined that the water consumption 
at 309 Building wa8 about $40,000 more than forecast. 

For the month of September, maintenance was $10,000 higher 
The total cost for the 

Considering that at the end of 



UNCGASSIFlED 

Analysis of liqrovement Maintenance 

H- 5 

Item 

Relocation and Alterations $ 14,464 
Repainting 4,212 

Heat & Vent Modifications 4, a5 
Crane 10 

Piping Modifications 20 5 
Electrical Modifications 1,006 

'porn $ 24,ll2 

- 

m-71535 

S iginif isant Activities 

1. Pain%inG 

a) 
b) 

c) 

The in+Yerior of 3745 Building was completed. 
The interior of 3730 Building graphite hot shap was started. 
The exterior trim of 231-2 Building was completed. 

2. Til- 

The floors of 3746 Building was completed. 

3. Significant Space Modifications 

a) 

b) 

326-306 - The renovation of Rooms 1OA and 12A is essentially 
complete. 
234-5/23l-Z - The remval of laboratory apparatus from 234-5 
Building is essentially complete. 
Building is progressing. 
TC-1. The AEC has halted J. A. Jones' mrk on this relocation, 
but no official explanation has been received. 
Partition changes were made in the south end of 3702 Building 
to improve efficiency. 

The reinstallation in 231-2 

c) 

d) 

Waste Disposal and Decon+mation Service 

Quantities of Waste Remved 

September August 

Concrete barrels 
Loadluggers-hot waste 
Milk pails 
Gattling gun 
Crib waste 

The crib waste handling report is to be issued by mid-November. 

The high level waste handling and decontamination work in 325 Building 
have been studied, and plans are underway to renovate work area and 
procedures for increased safety and efficiency. 
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Plant Englneering and Miscellaneous 

Appmldmately 22,5GO squsre feet of prints were reproduced during the 
month. 

The total esthated value of the eleven reqyisitions issued during the 
mnth was $126,000. This pmcurement is primrrrily for approved HL projects. 

The work of moving TC-1 Building near E-2 and E-3 for use as a permsnent 
storage building has been temporarily delayed pending firm cost estimates. 

An investigation is in pmgress to determine a way to Fmprove compressed 
air service in 209-E Building. 
of a new separate compressor will be required. 

It appears that procurement and installation 

A design is in pmgress to provlde a constaut pmportional sampler system 
for the 307 influent line. 

A cursory investigation was made with Radiation Monitoring personnel relative 
to a pmportiomd. sampler for the 309 cooling water effluent. 

Plans are made for a water pmof protective floor coating to be applied to 
the floor surface of the eir-conditioning unit in 328 Building. 

A Work Review has been written and submitted for spproval to disassemble 
';he hydrogen sintering furnace in the 325 Building, and remve it to 
excess storage. 

Electrical panel load studies have been completed in the 325 Building and 
readings started in the 328 Building. In the near future, some distri- 
bution panels in the 325 and 328 Buildings will have to be replaced to 
provide more circuits. 

Fire slsnn and civil defense si& standardization was coqleted in the 
314 Building this mnth. 
vere installed in the 325 and 306 Buildings because there were areas *ere 
SLSrms could not be heard. 

Added alsrms, in addition to original requirements, 

Fire alarm bells were instslled in the 328 
Building. 

Considerable study has been made to determine the slarm systems installed 
in the 308 and 309 Buildings. 
these buildings, since the alarms do not conform to plant criteria. 

Further work will be necessary to standardize 

Analysis was made of the automatic fire sprinkler system at the Critical 
Mass Laboratory because of unwarmnted tripping. 
will be required which will also require expansion of the motor control 
center +a accommodate the compressor. 

Emergency compressed air 

The vendor of the 34 crane has been asked to supply information for 
munzing a bridge brake. The drive mtor does not have a shaft extension 
ad was supposed by the vendor, and additional information has been requested 
9s -4 prices and materials to apply the brake correctly. 

12314bb 
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The supplier of a humidity measuring recorder in the 1444 Building has 
been requested to supply recommendations for dual use of individual 
recording points as proposed by opererting people. 

A study and alternate proposals for increasing the 3760 Building lobby 
lighting level has been written in draft form and submitted to the building 
custodisn for his recommendations. 
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SEMI - MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC co. - Hanford Laboratmies 

STARTING 

nw- p535 I- 

DATE 10-30-61 

REDO - DP Schlvely 
AVLRAQC ACCUI MANDAY1 Y AMP0 WE R 

FIXED Pnicc 

COlT PLUS CIXCD CLC 

PLANT CORCIS 

ARCUITCCT- CNOINCLR 

DCSION CNGlNCCRlNO OCLRATION 

OE CtELD ONOINCCIINO 

Arrangements are being mede to return the NaK heater to the vendor for removal of NU. 
Selection of an alternate hest transfer medium has not been finalized. 

lln.L I loo 100 100 
~L.lll.)l 

AC- 11% I I 

AVLRAOL ACCW MANDAYS w-tl1.i I 

A€- 111. I I I I 
Y AN PO 'I L R 

CtxeD pnicz 

COST PLUS ClXCD CLC 

PLANT concps CONST. 
100 100 90 

ARCHITKCT - INGINCCR Pf 

DCSION CNGINELRINO OPERATION 

GE ClCLO ENGlNEERlNO 

I I I 

1 SCOPE. PURPOSE. STATUS b CllOQRCU 

The revised project proposal requesting additional funds and an extension of the 
scheduled completion date has not yet been acted upon by the AEC. 
be submitted when it is approved. 

*Includes equipment to be installed by CPFF'. 

A new schedule will 

I 2 3 I Lj. b 6 



:0ST PLUS C(XICD CLL 

'LANT CORCLS 

LRCHITECT- ENOINCER 

>€SIGN ENGINEERING OPERATION 

DE FlLLD ENGINEERIN0 

The customer has requested re-design of a portion of the cell to incorporate additional 
Viewing windars and manipulator ports as well as relocation of the access door to 
provide an improved cell arrangement from an operating consideration. 

Procurement is initiated and will continue, coincidental with the design changes. 

CIXED Pwce 

COST PLUS clxgo FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESION ENGINEERIN0 OPLRATlON 

GE FIELD ENGINELRINO 

installation of a cell in 327 Building. 

Constr~ction is planned to start October 30, 1961 on the next stage, which will continu 
$0 project completion. 

A meeting was held 10-24-61 with Construction, Operations, and Project representatives. 
The sequence for the next few weeks will be: 

1. 
2. Installation of electrical switchgear. 
7, 

Installation of' cask cart track support. 

Floor Denetrations for service piping and conduit. 



SEMI-MONTHLY PROJECT STAM REM 
GCNCAAL CLLCTRIC co. - Hepi& IabaFatorlee 

Y A I) COWC R 

CIXCD HlCC 

COST LLUS nxao PIC 

CLANTCORCU 

ARCWITCCT- CMalNCCR 

OCSI ON CMOIN C C RI N 0 0 CCR A TlON 

GC PlaLO CNOINSCRINO 

%OPE. CCIRC08C. STATU8 b CROaRSBS 

This project will allw greater capecity for analytic81 work involving todey's molf 

hinfiLv radioactive solutions and consists of adding 8 sh&&Med laboratory to the 

First floor concrete slab and walnscoet walls were poured on 10-24-61. 
shut-down on 10-a-64 and tie-in made to 6" water mein. 

325 Building* 

325 Buildiog 

- 71535: 
OATS 10-30-6l 

I 

CIXCD CRICC 

COST PLUS CIXCD CCC 

WANT CORCXB 

ARCWITLCT - CNOINCtll 

DSUOM CNOINCCRINO OCCRA TION 

0C CICLO LN01MCCRINa 

Go A0 0-t C- 
Levis Hopkiqs Construction Conqany 

FUN.(##* 
1 

CR 0. TI TLC 

CAH-866 Shielded Analrtical IabcxFataFs - 325-B Buildinn 1 61-a-1 
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SEMI -MONTHLY PROJECT STATUS REPORT 

GENERAL EL 

MATCD TO 

FIXED PRICE 

COST PLUS FIXED CLL 

PLANT CORCLS 

ARCHITECT- LNOINCKR 

DCIl4N BNOl NE ERIN G OPLR AT ION 

OE C(ELD CNGINELnlNG 

SCOPL. CURCOIL. arArus PRoaResa 

This project provides additional space for biological research supporting services, 
and imolves an addition to the 108-F Buildingo 

Weller Scliedule (This schedule Being Revised) 

All structural steel has been erected. 
floor fom well underway. 
laid. 
Contractor that the local block supplier have not met their own specifications. A 
meeting will be held with all interested parties to resolve this, also the problem 
of acquiring an acceptable assembly drawing of heating and air conditioning equipment. 

Allied lngineering has reported 100% completion of design of radiation handling 
equipment and check prints are being prepared. 
begin on December 3, 1961. 

Second floor forms are complete and third 
Floors cannot be poured until concrete block wall is 

Concrete block has not been delivered. We have been advised verbally by the 

Mjor fabrication is scheduled to 

1231 471 
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FIXED PRICL 

COST PLUS nXCD CCC 

PLANT FORCES 

ARCMITLCT- CNOINCLR 

DESIGN LNQINLCRINO 0,PERATlON 

E6 FlLLD CNOINKCRING 

CPFF 

100 

This project involves a facility for deliberately rupturing tubing to establish service 
conditions 

Installation of equipment has been cpmpleted and functional testing has begun. 
of the six cells having installed equipment can be accepted if the testing is 
successful. 
is received and installed. 

Five 

However, the sixth cell will be an exception until the sixth accumulator 

I 

FIXED caicc 

COST PLUS CIXLD PEL 

PLANT FQRCES 

ARCHITECT - ENOINCER 

DLSION ENGINEERINO OPLRATION 

3E PIELO ENGINEERIN0 

ua L CROGRCU 

This project provides for the installation of equipment at the E!l!R for which changes . 

in the physical properties of reactor structural mterisls subjected to in-reactor 
conditions can be determined. 

I 

I 

The ?ro.ject was completed 10-15-61. No further reporting is necessary. 

I23 I4?2 



SEMI -MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC co. - Word Labora%ories 

FIXED PRICE 

COST PLUS FlXLD WEE 

PLANT CORCLS 

ARCHITECT- ENOINEER 

DESIGN ENGINEERING OPERATION 

GE FiELD ENGINEERING 

SCOPE. PURPOSE. STATUS b PROOREIS 

n535 
DATE 10-30-61 

mis 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 

CAE-914 I Rattlesnake Springs Radioecology Pacility 1 61-j 
AUTHORIZED FUNDS 

5 go, 000 
ITARTING 'DESIGN 3 PERCENT COMPLLTE 

WT.0. SCHLD. ACTUAL CONST. 7 
EN OIN EER DESIGN I ] NS* I 100 

Sub-contractor for building proceeding considerably slower than planned. 

I TITLE PROJ .NO. 

Scheduled completion of construction is based on AEC!s construction schedule. 

FUNOING 

PROJ. NO. PUNDINO TITLE 

mo - OM Lyso 
MAN POWER AVCRAGE ACCUM MANDAYS 

7 507 FIXED PRICE 

COST PLUS CIXEO FEE 

TITLE I 

GE-TIT.11 

AE-TIT-I1 100 NS* 100 
100 

SCOPE. PURPOSE. STATUS L PROGRESS 

I 

100 COWST. 

Pf 

CPfF 7 
FP 91 

This project will allow performance of radioecological studies under local environmentai 
conditions. It consists of constructing field facilities for this purpose. Approval 
signatures for project drawings and specifications were obtained 5-31-61. 

93 92.4 

ms 20 
100 98 

*l30vsy E,ngineers. Contractor work started 7-13-61. Initial acceptance of the 
co;xrwtor portion of the work with listed exceptions was done 10-19-61. 

icstruaentation is underway. 

The contractoi 
LL~ customer representatives were present. Installation of 03 procured 



This project is to prod& a facility to periorm a full scope of engineering tests and 
pilot plant studies associated with fuel reprocessing concepts. 

Directive AEC-l87 mod. 2 dated October 2'7, 1961 authorized HOO-AEC total design funds 
in the amount of $385,000. 

Some exploratary ercavationa were made in a burial ground that Is lOC8ted Qn the 
buildirrg site (eeist of the 308 buuaing) to determine the extent of the radioactivity 
contaminated earth. 

Three drawings have been issued for comment. 

The ventilation exhaust system studies resulted in substantial savings with improved 
system features . 
A study cornper- refrigerative type cooling system with an evaporative type cooUng 
system for the administrative area Is about one-half complete. 

*A design schedule was submitted to AEC for approval on 10-10-61. 



SEMI - MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC co. - Hanford Laboratories 

MATED TOTAL cost 

FIXED PRICE 

COST PLUS IIXED CCE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

6E FIELD ENGINEERING 

SCOPE. PURPOSE. STATUS b PROGRESS 

This project will provide facilities necessary to conduct atmospheric physics research 
and development programs. 

n535 -- 

DATE 10-30-61 

*Eased on AEC authorization by 11-15-61. 

The General Electric Company is preparing an answer to the Commission letter requesting 
information concerning alternates to the proposed project. 

CUNDINO PROJ. NO. I TITLE 

CAB-918 I Second Whole Body Counter Cell - 747 BuLlding I 62-k 
COST & COMM. TO I LUTHORIZED FUNDS Dt~lGN 

TARTING DESIGN 12 
mTes 8- 
ENOIN EER I 

FIXED PRICE I I IGi. I IT I I 
COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESION ENGINEERING OPERATION 

GE FIELD ENGINEERING 

I I II I I I 
SCOPE, PURPOSE. STATUS b PROQRESS 

Project Proposal Revision was submitted to the Commission on July 5, 1961. 
Review Board deferred it indefinitely on July 13. 
correspondence will be submitted by the Commission suggesting other lines of approach 
to st-renehen the justification for this project. 

The 
It has been indicated that 

No correspondence was received by 10-24-61. 

*Based on Commission approval by 11-15-61. 

I23 1 !!.I5 
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GLNCRAL Eucrwc CO. - 

FEO - OM us0 

u An pole R 
ClXCD CRICK 

coir CLua ~XCD cec 

PLANT PORCU 

ARCWITLCT- CNQINCLR 

DCSIQN CNOINKeWNQ OCIRATION 

QC ClKLD CNOINCCRINO 

AVSllAeS 

I I 

SCOCK. CURCOIC. STATUS b CROQRaSO 

This proJect will supplement existing cooJ.ing units, thus providing cooling air 
supply commensurate with beet load and outdoor temperatures. 

Directive AEC-188, dated Wch 8, 1961, authorized the project and assigned management 
to the AEC. Work authority was issued 4-18-61, to the General Electric Compeny. 

Relocation of an existing unit and installation of unit #4 remains to be done. 
work order supplement to cover cost to completion has been issued by the AECto 
J. A. Jones Construction Cosnpany. 

A 

J. A. Jones forces .started work 10-24-61 on the remaining work to complete the project. , 
I 

COW. no. TlTLK 1 CUNDlNQ 1 

CIXCD COICC 

COST PLua cixtD VEL 

PLANT CORCKS 

ARCHITLCT - CNOINCKR 

OESION PNGINECRINO OLCRATION 

oE FIELD LNOINCCRINQ 

scocc. cuneoaC. STATUS PROORCU 

This project involves the continued dri- of special research, test and monitoring 
wells. 

Contractor is working two nine-hour shifts per day on each of two rigs. 
3640 feet of hole has been completed. 

Approximately 

Cor,stmrc%ion work is behind the contractor's own schedule. 



I-mNTHLY PROJECT ST 

FIXED PRICE 

COST PLua ~XLD CCL 

PLANT FORCES 

CIRCHITECT- LNOINLER 

DESIGN ENGINLERINO OPERATION 

5E AELD ENOINLERINO 

SCOPE. PURPOSE. STATUS b PROQRC¶S 

This project will privide facilities to permit deliberate destructive testing of 
lrradisted zirconium tubing. This will provide operating and tube life data not 
now available because of the limited operating history of Zircaloy-2 pressure 
tubing in reactors. 

ACCUY MANDAYS 

AEC Directive No. AEC-199, dated October 23, 1961 authorizing $29,600 for design has 
been issued. 

*Eased on AEC authorization 11-1-61. 

Work Authority No. CAH-922(1) dated October 25, 1961 was received. 
-. 

TITLE I 

OC-TIT. I I NS 100 
AL- TIT. I I 

CUNDINQ 'ROJ. NO. 

COWST. 100 

FeO - LF Hlgginson 
H AN POW ER 

11 1 

FIXED PRICE 

COST PLUS FIXED CLC 

PLANT FORCES 

CIRCHITECT - ENOINLER 

JESlON ENGINEERINO OPERATION 

iE FIELD ENGINIERINO 

AVLRAOE r Pf 

CPrr 

FP 

I I II I I I 

ICOPE. PURPOSE. STATUS b PROORES8 

This project will provide a source of parer for induction heating for RW work in the 

J. A. Jones Purchasing placed an order 9-12-61 with Ajax for the induction heating 
work stations. 
Coostruction material take-off has started. 

306 Building. 

Delivery is expected by 10-31-61. Design is lo@ complete. 
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COST PLUS CIXID ?CC 

PLANT CORCIS 

ARCWITCCT- INQINCCR 

OISION CNQINCCWNO OCIRAWON 

0. CtCLD CNalNICRINO 

SCOPE. PURCOSI. STATUS L PROORU. 

'phis project will increrrre the besin capacity c-enaurmte Vith the inmecreed volumes 
handled. 
and still permit adequate 

!!he project proposa~. vas submitted to HW-UC for authorization on 5-5-61. 

The propo~ we8 returned unapproved oa september U, 1961, with a letter suggarting 
alternate aolutiana. These were reviewed far fetrsabillty and practicubillty. The 
proJect proposal vas returned to the Cmmission for further revieu and approval. 

*%sed on UC authorization by U-15-61. 

This vill permit trarUfer to .crib mate of cmt8minated vasta if required, 
time for the normal flcn. 

ClXID CRICL 

COST PLUS CIXID Ctl: 

CLINT CORCCS 

IRCMITCCT - LNOINCCR - Engineers 
OIllQN CNOINLCRINO QL.RAtlON 

QL CtCLD CNOINCLRINa 

SCOPC. *URPoac. STATUS L Cn0an.u 

This project provides facilities for pilot plant development of decontamination 
proceases for intermediate level chemical processing plant waste for safe discharge 
to the plant environs. 

It has been decided that a project paopoerl revision should be written to 8CCompli8h 

the changes necessary such as design cost and schedule incrseses and construction 
completion date. The reviaion is bel= drafted. 

I 
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GENERAL ELECTRIC co. - Hanford Laboratories 

0 KA Clark 
MANPOWER 

FIXED PRICE 

COST PLUS ClXCD CLC 

CLAN7 CORCLS 

ARCMITL~T- cNOiNcEa - B0-y Engineers 
OLIION LNGlN E ERIN 0 O?CRATION 

OC ClIbD SNOINLCIINO 

nw- 71535 ._ 

DATE 10-30-61 

lbl 100 

caw. NO. TI TLI 

This project provides facllltles for the conduct of carroslon and decontamination 
atudies for nuclear reactor coolant systems, by the addition of 2700 sq. ft. 
laboratory facility on the west side of the 1706 KE Building. 

CUMDIN. 

Directive AEC-198 Mod. 1 dated October 27, 1961 authorized HOO-AEC total voject funds 
in the amount of $93,000 and established a directive completion date of October 31, 1962 

CN*lMEPR 

FEO - JT Lloyd 
YAMPOW ER AVCRAOC ACCUU MANDAYS 

cinco micc 

COIT PLUS FIXED CCL 

PLANT FORCES 

ARCUITECT - LNOtNELR 

Design problem8 have been resolsred by frequent communication between the Bovay 
Engineers and the General Electric Company project personnel. 
liquids from the "hot" laboratory room is being resolved with Radiation Protection 
Operation personnel. 

Disposal of waete 

NS 

NS 100 

OESICN loo 

TITLE I 

GL-TIl.II 

AG 111. I I 

100 NS 20 COYST. .. 
DEWON ENOINELRINO OCERATION 

OL ClCLD CNQtNLLRIN~ 

CGH-937 I Safety Improvement8 to 231-2 Building 1 61-j 
ACC I COST & COYM. 10 5,500 

AUTWORIZKD FUND. DCalON 

.. 
I 

cw 100 NS I 20 
cc i 

The work release to .J. A. Jones has been Issued for the entire amount of work. 
h.ci.ix-a-.at of naterials has been started and bids for the exhaust fans and motors 
fia ;z 2~2~ l'eQuested. 

Fir? -<lam System is approximately 40$ complete. 
Noverihr 15, 1961. Duct fabrication is underway. 

The exhaust fans are due on about 

... ~ __-. I 
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TECHNICAL ADMIl'lIS!CRATIOM OPERA- 

PRaFESSIONAL PLACEMENT, 
-' - 

Advanced Degree - Three Ph.D. applicants visited HAP0 for employment inter- 
views. Five offers were extended; two acceptances and two rejections were 
received. Current open offers total three. 

C' Technical Graduate Program - Five Technical Graduates were placed on permanent 
assimnt . Current program mmbers total eighty-three. 

TECHNICAL INFCIRMATION 

Several changes in the criteria for classifying plutonium were authorized by 
the AEC. 
HW-71412 "Classification: Plutonium". A Classification Information Bulletin 
entitled, .'WR EVents," which announced current policy on classifying the 
dates related to NPR completion and startup was also distributed. 

Information on these changes was distributed to the field via 

The current backlog of reports in Technical Publications stands at 35. 
to date, 121 formal R&D reports have been released to 300 Files for distribution. 
This already surpasses the total (118) for the entire year 1960. 

In l$l 

. An inquiry was received from the United Kingdom Atomic Energy Authority, Atomic 
Weapons Research Establishment, Aldermaston, Berkshire, for a supply of the IBM 
routing forms which we use in our classified document inventory system. The 
Establishment wishes to introduce a similar system, but the required forms 
cannot be manufactured in the United Kingdom. 
for a temporary supply (2,000 forms) to be transmitted to them through the 
Hanf'ord Operations Office. 

Arrangements have been completed 

Work Volume Statistics 

Document Distribution and Files September October 

Documents routed and discharged (copies) 
Documents issued (copies) 
Documents sent offsite (copies) 
Document reserves filled ( copies ) 
Documents picked up and delivered 

Document Accountability 

Holders of classified documents whose files 

Documents inventoried in Files (copies) 
Documents destroyed or retired (copies) 
Documents revised (copies ) 
Documents pulled and documents filed (copies) 
Documents reclassified 
Documents microf ihed 
Accountable copies of SECRET and DO- 

were inventoried 

16,056 15,764 
10,491 13,327 
4,912 8,310 
774 767 

17,524 18,038 

5,738 
1,508 

5,607 
1,113 

173 54 
1,824 1,182 

197,256 198,538 

11,127 1h7G5 

UNcLAssIFm 
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September October 

Libray Acquisition and Circulation 

Books ordered (volumes ) 
Periodicals ordered 
Books circulated (volumes) 
Periodic& circulated (issues) 
Inter-Library loans 
Filrae barrowed or rented 
Industrial film showings 
Bound periodicals added to the collection 
Bound periodicals discarded 

Library Collection 

No. of books 

Na of bound 
periodicals 

430 
84 

2,195 
3; 737 

78 
36 
52 
153 
14 

345 
52 

3,372 
160 

J 757 

23 
39 
80 
22 

108-~ Library Ind. Med. Total - Main Library W-10 Library 

3zJ2!% 8,707 1,867 2,082 44,952 

Classification and Declassification October September 

Documents, including drawings and photographs 
reviewed for darngrading or declassification, 53 38 

Documents and papers (intended for oral 
presentation or publfcation) reviewed 
for appropriate classification 

Documents submitted to Declassification 
BranchJ oak Ridge 

0. E. Boston, Manager 
Technical Administration 

29 

3 

34 

3 

I23 I b.8 i UmCLAssIFm 
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C - Jechnical Graduate Program 
Month ending October 31, 1961 

Number Personnel on Assignment 83 (EAPO -mch Grad Program . :. . i . . . . . . . .68 
(Engineering & Science Program . . . . . .15 

Distribution of Assignments by Departments 

m 
HLO 
CPD 
m 
c&Ao 
CE&W 

34 
30 
13 
6 
0 
0 

Distribution of Assignments. by Function 

Research & Development or bgineering 61 

Other 22 
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FTNAJKIAL OPERATIClN MONTHLY REPORT 
OCTOBER 1961 

Personnel 

mere were no personnel changes in Financial Operation during the month. 

-. Activities 

GENERAL ACCoumTIlQG OPERATION 

Following is the status of approval letters seeking Commission concurrence in pro- 
posed actions: 

Number ntle - 
AT-8 Decontamination Coupons for APED 
Add. 1 

AT-52 med Use of Whole Body Counter 

status 

In process. 

In hands of Commission since 
6-29-61. AM: feels further 
study is required. 

AT-104 fission Products Dispersal Handbook Commission is still consider- 
& Add.1 ing* 

AT-lo5 Symposium on the Biology of 'Ila.nsurac Washington AEC still 
Ezenents wnsidering . 

AT-@+ Participation in Standardizing ActivitLes. Approved 10-3-61. 

AT-195 AIBS Medical Mucation for National TO AEC 10-20-61. 
Defense Program 

AT-196 Participation in Standmdizing Activities In process. 

AT-198 Miniature Swine for Hammersmith Hospital. In grocess. 

Two requests for agreement under Agremeslt No. AT-6 were received and accepted as 
noted below: 

Date of Accepted 
Number AEC's Letter be GE Subject 

~~62-ll 9-28-61 9-29-61 Appointment of Ik. B. R. Leonard to Division of 
Research Nuclear Cross Section Advisory Group. 
This is a continuation of an assignment which 
k. Leonard has filled since October 1957. 

~~62-12 9-12-61 

I23 1 iiE4 

10-10-61 Review Article for LAEA. This is in regard to 
a request tkt Dr. Spencer Bush prepare a re- 
view on the subject of "Special Materials for 
Reactor Ccnstruction and Production Methods" 
for the Intemtional Atomic Energy Agency, 
Vienna, Austria. 

IrNcLASSI?TtED 
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-vel activity continues at a level approximately 20% below that of the last two 
years. 
end of October 1960. 

To date in Fy 1962, 369 trips have been started conpazed with 463 at the 

Ewpuent procured by HAP0 to support University of California Iawrence Radiation 
Iaboratory research and developanelrt programs valued at $699,350 with a reserve of 
$82,335 was transferred to HW during the month. 
record by use of the IUon-F'und Adjustment Account. The dollars will remain in OUT 

90- Unclassified Account until we can apply dollars to a-tely 300 indlvid- 
ual units of prop-. 

This equipnext was added to 

The physical inventory of HLO 300 Area fixed property was completed during the 
month of October. 
przgress. Upon completion of the reconciliation individual units of property 
vSLl be assigned a fixed property identification mer and forwsrded to Data 
Control for key pun- as media for the new mechanized system. It is esti- 
mated the reconciliation Kill be completed daing December business. 

Reconciliation of inventory count to accounting records is in 

Reparations were completed for transfer of custodianship of the Hot Semiworks 
from Haaford Laboratories to Chemical Processing Deparbent. 
be transferred in November after CPD campletes their verification of individual 

The dollar due wlll 

units of property. 

Reconciliation of the annual physical inventory of precisus metals and special. 
materials is near- completion. 
ancies for which explanertions are now being obtained from field personnel. 
report of results will be issued in November. 

Excess Yttrium from bcklaad Aircraft Reactors Operations Office weighing 267.5 
Ibs. was received, valued at $3,830. 
non-fund adjustment and an inventory reserve in equal eraount was established. 
addition CPD transferred 208.2 Ibs. of the same material valued at $15,606.67. 

A rough draft of the unitization report for Project CAB-747, Plutonium Fabrication 
Pilot Plaxt (308 Buildiq) was prepsred during the month. 
$4,198,609 from our unclassified account to classified pht accounts. 
the size of the report (165 psges) and the large mer of property units 
issuance of the unitization report and rem& cf dollars fkmm the unclassified 
account probably wiU not take place until December business. 

The Manual of HAP0 Scurce and muclear Materials (Ibcxnent No. HW-50300-K) was 
submitted to HLO components for review of knual procedures and for updating 
with current HLO changes. 
the Manusl will be rmsed and reissued. 

As in the past years, there are a few discrep- 

A 

!this material was added to Inventory as a 
In 

This will remove 
Due to 

Upon receipt of requested infarmation from the Meld 

Heavy Water losses chargeable to operating csst for the month of October amounted 
to $36,121. This includes an adjustment to the reported September loss which was 
understated 1400 lbs. valued at $19,544.. At October 3, 1961, accumulated scrap 
for return to Savannah River totaled 1&,222 lbs. valued at $173,013. 
reduc+,ion from previous month total by 2,790 lbs. and $38,073. 
in scrap is due to an effective filtering process used by PRPi to remove oil 
fYon $;?et material with a purity in excess of 90%. 
msteriai has been changed from "scrap" to "used". 

This is a 
The reduction 

The classification of this 
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A Plant to Plant Transfer f'ram AEC was received during the month for $809,200 
representing Ron-Fund depreciation 52 Hsa-Jy Water acquired &om SROO for PRlR 
(m-167) initial loading. 
however, the Non-hnd will mt be charged against funds obligated. 

Thirty tons of HasteUoy vaiued at $82,858 and graphite valued at $U,OOO was re- 
ceived at the Laboratory Pool during the month. The graphite is being stored for 
the convenience of Radiologicsl Physics Operation to provide laboratory space for 
other uses, and the hastelloy consis;+,ing of sheet, wire, billets and plate 
received from AI" is being stc,-ed and controlled for the convenience of Reactor 
and fiels R&D Operation. 

The Pmci cost plus the Non-Fbd will be capitalized 

i Ninety-nine equipment items Val-aed at $61,519 were received at the Laboratory 
Pool during the month. 'Ihenty-nir+e iC,ems valued at $15,524 were loaned or trans- 
ferred in lieu of placemen5 cf.requisitiona aad 2 items valued at $688 were with- 
drawn by custodians. There are curreztiy 936 items dued at $527,355 physically 
located in the Pool of which 173 items valired at $22,rn axe uncataloged type 
items and 103 items valued a+, $187,790 a-e beizg held for the convenience of others. 

Action as indicated occurred on the fiallok-lng p-cjecta during the month; 

New Money Authorized HL3 

CAH-916 Fuels Recycle Piic+, Plmr $285 000 

CAH-922 Burst Test Facility fcr Irradiated Tubes 29 600 
~~1-919 Air Coad.iti0nin.g 3.14 Buildisg (1 500) 

Pl~~4cal Completion Natices Issued 

a-901 
CGH-935 Metals Storage Building 

*Structural Ma5erid.s Irradiation Test Ecpipment - ETFl 

Construction CompLetim and Est Cl~~aing Statements Issued 

CGH-785 k-Reactor Studies Equipment 
w-870 
CGE-907 Strontim-9C Tnterim &cgram 

*Facilities for Recovery r~f Radixctive Materials 

Effective October 28, 1961, Facilities Ehgineeriag Opsrstion transferred all Title 
I11 funds on PAC Projects under their coatrol to Ccwk-uction Engineering and 
Utilities Operation. 
issued workarders to IILO-FEO fm fieid eagilieering. 
proposed that they continue Title 1x1 wark on the tL-9 pmjects under their 
cantrol, by letter to J. M. Heffher, CWJO, dated Cctober 30, 1961. 
has been received to this letter to Gate. 

CE&uO will retain Pads necessary for Field Inspection and 
Reactor and Fuels R&D has 

No reply 

%ght sugges5ions vere received for evsl?l;a.tion durirg 3ctc)ber. Three have been 
accepted and miDor awards paid. 
-u-~her investigation. We liive accqted t.he responsibility of evaluating all 

Four Pave keen rejected. One held pending 

suggestims submitted by Techicd Informatix. 

123 f i:m 

UNCLASSIFIED 
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EZ&t new farms were established iul three exih-iag forms were revlsed for 
Ward Laboratories. 

COST ACCmG OPERATION 

BOO-AM= submitted Financial PlaB #43 tc HAP0 in Octscer. 
iwolvLng Hanf’ord Laboratories are se follms: 

Changes in program Arnds 

(Dollars in Th0Ul38nds) 

06 program 
Ehvtronmental Radiatim Sbdies 55 

A new section in Hanford Laboratorieti entitled Technical Administration Operation 
was established on October 1, 2961; conc!-u.rxECy, the Professional Placement and 
Relations Practices Operation-is dis-ed. 
established for the Technical Admidstzatian Operation are as follows: 

Cast codes and organizational titles 

TecMcal Admiaiatrstion Operation’ 
Psaf essios Recr-si*=t 
Advanced Degree Permonel 
F3.acemmt Prqglztms 
Tecmcal I.nfbrJnati03 

Rsfermce acd Fablication 
Librarj Acqxtsitlozr and Ci=c-dation 
Ibcumen2 Diztrilmtim and Files 
Bcumezt Azc=luntability 

Advanced Ehgineerirg Courses 

The earsual budgets and fiscal yeax-tc-date cc~3 tbrmgh September for the components 
camprising the Technical Administrai;fm Operaticn vere transferred from the former 
zrqasizations and incmpratsd iz~ Cctcber financid statements on the basis cf the 
new csganization. 

Preparation of the FY 1962 Mid-Year Budget Review la mderway. 
personnel requirements were cmpiled, apprGved by +he Manager - Word Laboratories, 
and submitted to Cmtract Accomzisg. 
fo3lows: 

During October, 

Req&-emen+,a ‘cy quarter-ending date axe as 

6-30-61 actual 1 lcj2 
9-30-61 sctusl. 1 413 

i2-31-61 budget 1 402 
1 397 3 -21 -62 budge% 

6-3c-62 budget 1408 

i 23 t Y.21 UmCLASsIFIED 



J-5 m-7l535 

The follaring work identification codes were established during the month: 

Code - 
.26 Critical Fkcility 

CPD - Waste Management (02 pro 
CPD - Fission ProductRecot-ery r :02 Program R&D) 

35 
36 
.a Strontium - Process Technology 

am R&D) 

One special request code was established during the month, .1W to accumulate the 
costs associated with the foreign travel of J. R. Triplett in connection with the 
EAes symposium. 

In response to a request by HOO-AEC, a forecast of %O reqyirements for the PRPi 
operation for fiscal years 1962, 1963, asd 1964 was prepared and submitted. The 
purchases and returns to Sawnnah River were as follows: 

In Pounds 
-chases Returns 

25 000 20 OOO 
38 500 17 000 

17 ooo 3 000 

A revlew for approval authority was made of stare orders processed during the 
first week of October by Reactor tmd libels Research and Development Operation. 
A report wss made to managers concerned. 

W 6ale:bk 
November 14, 1961 
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INVENTIONS OR DISCOVERIES 

HW-7 15 35 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief, no inventions or discoveries were made in the course of their 

work during the period covered by this report except as listed below. 

persons further advise that, for the period therein covered by this report, 

notebook records, if any, kept in the course of their work have been 

examined for possible inventions or discoveries. 

Such 

INVENTOR 

E. M. Sheen 

R. H. Moore 

R. H. Moore 

TITLE OF INVENTION OR DISCOVERY 

A Pulse Triggered Semiconductor Tone 

Generator, HWIR- 1430. 

The Use of SnC12 to Improve Separation 

of Uranium from Plutonium in Im- 

miscible Salt Systems (HW-7 1448) 

A Process for Extraction of Plutonium 

from PRP "Spike" Elements into a 

Typical "Salt Cycle" Fused Salt Solvent 

Preliminary to Electrodeposition of 

Pu02 - U02 (HW-7 1196). 

UNCLASSIFIED 
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