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LEGAL NOTICE 

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

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

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, corn- 

plot)mess, or usefulness of the information contained in this report, or that the use of any information, 

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

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

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

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

tractor of the Commission, or employee of such contractor prepares, disseminates, or provides occcss to, 

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

such contractor. 

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

August operating costs totaled $2, 397, 000; fiscal year-to-date costs are 
$4,464,000, or 1770 of the $26,165,000 control budget. 
with the departmental allocation of funds authorized by the General Manager - 
HAP0 in August. 

The budget conforms 

Hanford Laboratories I research and development costs for August, compared 

with last month and the control budget, are as follows: 

(Dollars in Thousands) 

HLO Programs 
02 Program 
04 Program 

05 Program 

06 Program 

FPD Sponsored 

IPD Sponsored 

CPD Sponsored 

cost 
Current Last FY 

Month Month To Date 

73 
1 134 755 1 889 

60 61 121 

197 39 1 194 
1424 1 050 2 474 

126 105 231 

113 100 213 

131 108 239 

$ 36 $ 37 $ 

- 

$3 157 - $1 794 $1 363 - Total 

Budget 

$ 605 
9 930 

993 
2 665 

70 
Spent 

1270 
19 

12 
15 

14 193 

1400 
1325 
1 525 

$18 443 

17 

17 
16 

16 

1770 

- 

- - 

RESEARCH AND DEVELOPMENT 

1, Reactor and Fuels 

A project proposal revision for the Critical Facility requests a new comple- 
tion date of December 31, 1961, and additional funds--of $40, 000. The revised 

completion date of June 30, 1962, for the Rupture Loop has been approved. 

PRTR process tube p_lu_ggi.ngresulted in an eight-day reactor shutdown. 

cause of the plugging was determined to be fragments -c.c-.-- of a coffee %&believed 

to have been introduced into the system during process pump seal repair. 

The 

D20 and helium losses from PRTR were high during the month. Detection 
and repair of leaks and improvement of the D20 recoverf2ystem and of 

D20 inventory methods are of .- high priority. .- 

----. -. - - -- 
.-- -__- - --- -. - - -- - 

No evidence of wire wrap loosening, corrosion, crud, or surface damage 

was found in two PRTR U02-bearing fuel elements examined after operating 

at maximum heat generation conditions and a total exposure of ca. 250 MWD/T. 
Pu-A1 spike elements show evidence of wire wrap loosening although not in 

the wires contacting the process tubes. It is possible that the effec: disap- 
pears at operating temperature. 

12301 13 



vi HW - 708 7 2 

e. , 

A section of PRTR process tube No. 1154 (removed from the reactor in July) 
which contained two 4 to 5-mil deep and 5/8-inch long wear or fretting marks 

was burst-tested at room temperature at an internal pressure of 7450 psi. 

The fracture did not pass through the fretted areas. 

Radiochemical analyses have confirmed the extensive relocation of fission 

products in highly exposed’ U02 fuel as first detected by autoradiographic 

techniques . 
Hot swaging of UO2 fuel rods at 700 C corlsistently produces densities of 9270. 

Ten U02-Pu02 capsules are being irradiated in the MTR; six are low-density 
(6570 TD) specimens and four are high-density (90% TD) specimens. 

high-density sample was discharged at 10, 000 MWD/T exposure after having 
operated for part of that exposure at a surface heat flux of 780,000 Btulhr- 

One 

sq ft. 

Zircaloy-clad capsules containing fuel mixtures of PuO2-ZrOz and PuO2 -MgO 
are being prepared for irradiation testing in the MTR. 

The thermal electromotive force of four Pu-0 compositions in the range 

fio2.00 to PuOl. 85 has been measured. 

ments have been made on 50 UO2-50 -02 and Pu02. 

Electrical resistivity measure- 

Insertion of the Phoenix capsules in MTR has been delayed until September 5 
by the requirement of a hot-spot hot-channel analysis. 

Sixteen of a total of 21 Euratom test fuel rods containing high exposure plu- 

tonium oxide (17oJ0-240) have been fabricated and shipped to the customer. 

Data from the basic swelling studies combined with other capsule irradiations 

lead to the provisional and somewhat surprising conchsion that Zircaloy-2 

cladding provides little resistance to swelling of metallic uranium fuel. 

Buckling of the inner clad surface of single tube metallic uranium fuel hzs 
resulted from exposure to 3600 MWD/T. 

Three metallic uranium fuel elements with fluted outer surfaces are being 

prepared for irradiation to test the hypothesis that the extended surface 
should eliminate direct tensile strain in the clad, reducing failure due to 

clad thinning mechanisms. 

Ex-reactor rupture tests of irradiated NPR-type fuel continue to show much 

superior rupture behavior for 2 w/o Zr-uranicm cores compared wlth 
unalloyed uranmm core elements. .In other fcel rupture tests the rupture 

appearance of irradiated coex*,ruded fuel has apparently been duplicated in 

Qnirradiated rods by preheating the rods to 850 C :o weaken the cladding 
bond . 

12301 Jb 
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Modifications of the ETR 6x9 loop for the irradiation of structural materials 
were completed in time for the reactor startup on cycle 39. 

containing 504 Zircaloy-2 tensile specimens constitutes the first loading of 

this facility. 

An assembly 

For graphite at 800 C and Zircaloy at 400 C, a water partial pressure of 0.3 

to 0.5 mm in simulated NPR stack gas was required for sufficient water- 

vapor diffusion through the graphite to maintain a protective film on the 
Zir c aloy , 

Maximum fuel temperatures to be expected at C Reactor following a sudden 
flow reduction to an "overbore" process tube were determined in the heat 
transfer laboratory. It was found that for initial tube powers of 1000 and 

1800 KW, flow reductions to 10 and 30% of original flows could be sustained 
without encountering excessive temperatures . 

Analysis was completed of laboratory experiments determining fuel tempera- 
tures following an inlet piping rupture on a BDF reactor process tube. 

results indicated that the majority of central zone tubes in these reactors 

would not be subjected to fuel jacket melting for such a piping rupture. 

The 

2. Chemical Research and Development 

. Prototypical NPR fuels subjected to a temperature of 1200 C in an air atmos- 

phere were observed to fail in about one hour's time through air oxidation 

and subsequent penetration of the Zircaloy-2 clad; at 1300 C, the Zircaloy-2 
clads failed through an uranium diffusion mechanism. 

Preliminary interpretation of ground water temperature data indicates that 
some thermally warm water from the separations areas is moving southward 

and may have reached the Columbia River just north of the 300 Area. 

Although a tongue of warm water extends southward from the 200 Areas to 

within two miles of the Yakima River, the buried Yakima Ridge anticline is 
shown to be an effective barrier to further southward movement. 

Approximately 300 kilocuries of strontium-90 were recovered in the third 

Hot Semiworks campaign. 

in. storage at the Hot Semiworks is about 500 kilocuries. 
TJ~&~xtsl inveniary of purified strontium-30 now 

c. 

Pressure build-up problems associated with the s hipment of Decalso laden 
with strontium or cesium in sealed casks can virtually be eliminated by 

removing the interstitial liquid from the ion exchange media. 

tive removal of the cesium or s';rontium from Decalso can be realized pro- 
viding the bed temperature remains below 100 C. 

A Hot Semiworks solvent extraction slowsheet has been devsed which shows I 
2 promise of effecting the sequential recovery of three separate iission 

Near quantita- 

1230115 
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product packages; namely, strontium-90, cerium-144, and ti gross rare earth 
fraction. 

The extraction of cesium from alkaline Purex waste supernate with nickel 

ferrocyanide was shown to effect substantial cEsium concentration and separ - 

cesium to be loaded onto Decalso prior to off-site shipment. 

ation from sodium ion, thus permitting markedly increased quantities of i 

Studies on the selective precipitation of cerium(N) peroxyacetate from full 

level Purex waste have led to identification and correction of previously 
defined process conditions which negated successful demonstratian of the 

cerium recovery process at the Purex plant. 

What appears to be single crystals of U02, weighing up to about four grams, 

were produced by electrolytic deposition from the molten KC1-PbClZ system. 

3. Physics and Instrument Research and Development 

Improved understanding of operating limitations of NPR fuel will result from 

measurements recently completed of the higher heat generation adjacent to 
the end caps in both inner and outer tubes of fuel. 

In the program supporting existing reactors a more sophisticated model 

simulating the reactor during safety rod drops and partial insertions is giving 

substantially different results than were obtained before with more simple 

models. Implications of the results for reactor operation are being assessed 

by the customer, IPD. In the instrument area an invention disclosure was 
filed on a device for measuring structural displacements of reactor process 

channels out of the line of sight. 

in a device for testing in the reactors uses an optical method, but electrical 
readouts are being developed to increase the rapidity of use. 

The present concept which has been embodied 

;In the nuclear safety program, critical mass experiments on plutonium solu- 
tions continued in a 14-inch sphere and have revealed an enhanced poisoning 

effect of Pu-240 in high concentration so'tuions arising from a shift in the 

nentron energy spectrum. 

In Air Force supported programs in Atmospher2c Physxs, the first series 
of diffusion experiments at Vandenberg Air Force Base, California. was 
completed. It comprised a total of 52 field trials embracing a wide range of 

wind speeds and atmospheric stabilities over rough terrain. Data collected 

during the earlier test series at Cape Canaveral. Florida, were forwarded 
to the Air Force for further analysis. 

., 

Efforts to improve our capabi!<ties in reactor physics ca?cLlations continued 
with the completion of The coding of thre- ne'v computer codes during the 

moni,h. Two of these represent. advanc e5 in physical soph:sticarion over 

123011b 
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previous methods available here while the third allows a more accurate 

analysis of the results of exponential pile measurements. 

program and two nuclear data tapes were obtained from the former GE-ANP 

laboratory. 

In addition, one new 

Analysis of the PRTR core using the RBU code made progress when several 

test cases of the Monte Carlo portion of the code gave excellent results. 

A detailed investigation of the use of "Phoenix Fuel" in compact, water- 

moderated, power reactors has begun. 

In the area of basic nuclear data, calibration data were successfully obtained 

which will allow a quantitative interpretation of measurements previously 
made on neutron scattering by water molecules. Other cross section work 

included the first successful trail run using the Van de Graaff positive ion 

accelerator as a neutron source in which results obtained for a total cross 
section of aluminum from 3.5 to 10 mev agreed with known data. 

Significant progress was made in the radiation instrument program- through 

completion of an experimental pocket-size dosimeter with register readout; 
completion of another type miniature dosimeter with an aural alarm; com- 

pletion and delivery to the reactor areas for demonstration of an improved 

beta-gamma personnel and area monitor; completion of system modifications 

for the Radiation Protection Operation Automatic Film Badge Densitometer; 

and development of new techniques for making solid state detectors which 

have alpha energy resolutions of about one percent. 

4. Biology 

Some very interesting data on the in vivo and in vizro ultrafiltrability of added 

Ca45 as compared with the normally present =-suggests that :he forma- 

tion of calcium-phosphate complexes in the blood of living animals may 

serve, in addition to protein complexing, in the regxlation of the levels of 
ionic calcium and phosphate. 

-- 

Thirty days after inhalation of pktonium nitrate, the lungs of three dogs 

contained from 64 to 72 percent of the total body burden, the liver from 9 to 
17 percent, and the skeleton from 15 to 20 percent. Less than 1 perzent of 

the total deposited had been excreted in the urine. 

. 

Solutions thought to contain predominantly Np(IV9, NpW, and Np(V1) were 

absorbed from the intestine of rats to the extent of 0. 3, 1.1, and 2.3 percen?, 

respectively. These svidies were made with Np237j and cltrate was present 

:n all cases in order to enhance solubilify. F'urther s,.-ldies in :he absence of 
citrate and at mu h lower mas,? levels w,11 be CondLcte? employing Np23Q. 

It has been found posslble to prepare a p1::oniurn solution in such a form 

that approximately $0 percent of an 'ntravenoue dose to a rat 1s deposited in 

I230111 
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5. 

the liver. 
ably affected by subsequent DTPA treatment (less than 5 percent removed). 

This plutonium, presumably of a colloidal nature, is not appreci- 
' 

Programming 

An important result of the "crash" program during July and kdgust on com- 

putation of plutonium values was the clear recognition that not only is Pu-239 
a fissile substitute for U-235, but Pu-240 is a fertile substinte for substan- 

tial quantities of U-238. 
plutonium values) when recycling reactor grade plutonium, it will sometimes 

be necessary to decrease substantially the uranium oxide density in order to 
reduce the amount of U-238 present. Computed plutonium values ranged 

from $8 to $14 per fissile gram for five prototype reactors s'xdied; it is 
anticipated that values based on optimum density of mixed oxide fuel for each 

reactor type not only will be higher but also may show a smaller spread. 

In order to obtain minimum fuel costs (and maximum 

TECHNICAL AND OTHER SERVICES 

The updating and further development of "learning" curves describing the irradi - 
ation process and oveall HAP0 production and cost were completed. 

Increased attention is being given to s tatistical studies in connection with process 

tube leaks caused by internal corrosion. 

Void fraction and void density estimates were calculated for all fission gas pore 

size distributions currently available from the Swelling Studies Program. 
is continuing using BIMD routines. 

Analysis 

Data were analyzed to determine the existence of an association between rainfall 
and cesium content in milk. 

A review was initiated of the methods of sta.cis;ical analysis used in the atmospheric 

diffusion experiments to obtain down-wind cross section profiles and meteorologi- 

cal parameters from the experimental data. 

There were four new cases of plutonium deposition confirmed through analyses of 

biological samples. 

occurred at Hanford is 271, of which 197 are currently employed. 

The total number of pktonium deposition cases that have 

Two CPD engineers received whole body exposLres in excess of the Hanford opera- 
tional control when they were exposed to dose rar,es up to 500 r/hour. 

occurred when the men entered a trench to inspect welds on two lines leading to a 
newly constructed wasxe crib for the Pjrex fac ili~y. Premature and magthorized 
usage of the lines led to the uncontrolled exposure. 

dosimeters and analysis of the dosimetry ini-olved indrcated ',hat +.he whole body 

dose was betwe5n 1.7 r and 2.1 r for one employee and between 2. I r and 2.8 r 
for the second individual. 
ible for both men. 

The exposure 

Evahanon of The film badge 

Previolis exposure for this calendar ypar was nrgtig- 
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Routine processing and analysis of the film badge dosimeter for a CPD lab tech- 

nician at the 234-5 Building indicated a dose of 2. 1 r for the four-week period. 

Although a thorough investigation failed to reveal a satisfactory explanation for 

the exposure, examination of the film indicated that the film density resulted 

from exposure to penetrating gamma radiation. 

There are 20 currently active projects having combined authorized funds in the 

amount of $5, 415, 000. 
Total expenditures on them through June 30, 1961 were $1,982,000. 

project proposals have been submitted requesting authorization of $562, 000 
total project funds on 4 new projects. 

The total estimated cost of these projects is $10, 781, 000. 
In addition, 

SUPPORTING FUNCTIONS 

Advanced Degree - Eight Ph. D. applicants visited HAPO for professional employ- 

ment interviews. Seven offers were extended (all HL); six acceptances and six 
rejections were received (all HL). Twenty-two 

Ph. D. acceptances were obtained during the recruiting year ending August 31. 
Of these twenty-two, seven were Company transfers, five were open market and 

ten were campus candidates. 

Current open offers total six. 

BS/MS - Plans were made for fall campus recruiting trips. 

ing system was devised and is being installed for the 1961-62 recruiting year 

along with other routines designed to streamline the administrative efforts involved. 

Technical Graduate Program - One Technical Graduate was placed on permanent 

assignment. 

terminated. 

A new record-keep- 

Seven new members were added to the program rolls and three 

Current program members total 89. 

The document Hw-69476, "Guide to Prceurement and Use of Pressure Equipment, " 

was issued to all HAPO personnel concerned with such equiprr-ent in furtherance 

of operational safeguards. 

During August, three security violations and 32 medical treatment injuries occurred. 

Twenty-six requisitions for non-professional personnel were filled during the 

month with a total of twenty active requisitions remaining TO be fLlled. 

I Standard rates were es+ablished 70 bi2 salaries of section and sub-section managers 

and specialists for special off-site work. 

at $100 per day. 
l 

Section leveP personnel will be billed 
Sub-section managers and specialists xll be billed at $75/day. t 

It is presently planned to visit Arc0 during S€p'.rrnber to physically inventory the 

eqviprnent pm-chased on Project CA-681, In the ETR. 

Hanfor d Labor ator:es 

HM Parkor:WHR:mlk 
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REACTOR AND FlTELs RESEARCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

1. M3TUURGY PROGRAM 

Corrosion Studies 

Erosion Corrosion of Aluminum Alloys. 
X-8001 and 1245 were exposed to 300 Area tap water at 105 C and a flow 
velocity of 88 ft/sec for six hours. 
pH levels between six and eight by adding nitric acid or sodium hy- 
droxide. 
and 6.~~ but at pH 7 the penetration was lo6 mils and at pR 8 was 6.0 
ntils. 
measurable corrosion at pH values of seven and below. 

Small areas of aluminum alloys 

The water was adjusted to various 

Results showed no measurable corrosion on x-8001 at pH 6, 6.39 

Alloy 3245 showed a penetration of 3.2 mils at pH 8, but no 

Two other tests on water quality were performed using deionized water 
at pH 8 and pH 10. 
at pH 10, the penetration was only 0.5 mil. 
to investigate further effects of water quality on erosion-corrosion 
rates. 

At pH 8, x-8001 showed no measurable corrosion and 
Tests are being continued 

Corrosion Resistant Coatings for X-8091 Aluminum. 
been made of the comparative corrosion resistance imparted to x-8001 

Determinations have 

aluminum by three different autoclave treatments, viz; (a) dual-cycle 
steam-chromic acid, (b) dual-cycle water-chromic acid, and (c ) single- 
cycle chromic acid autoclave treatment. The single-cycle chromic acid 
process was used as a reference treatment because its in-reactor 
corrosion behavior has previously been characterizedo 

The-corrosion resistance of each coating was determined by using boil- 
ing I$ HCL 5% NaCl, and boiling 5% Na2C03. The results of these 
accelerated tests indicate that the water-chromic acid autoclave 
treatment reduces "worm tracking" and provides the most corrosion 
resistant costing, approximately three times as resistant as a single- 
cycle, chromic acid treatmer,t. 

A test designed with the assistance of Operations Research is being 
run to determine the optim time and temperature for the individual 
water and chromic acid cycles. 

Radiometallurgy Laboratory Studies 

Six zirconium qecimens from capsule GEH-14-230 were mouIlted and pre- 
pared for x-ray diffraction studies (RM-512). 
the coolant and fuel was conf'incd to the area around the defect in an 
irradiated txbular. 2$ Zr-U alloy element vhich was purposely defected 

The reaction between 

I23 
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and ruptured i~ an ex-reactor loop (RM-566). Examination of two end- 
cap sections from twc KEX single-tube elements irradiated to 2000 MWD/T 
showed that the weld closures were in good condition, but cracking of 
the uranium had occurred (~578). An NIE suspect failure was loaded 
into a special cask and shipped to the 
An NpR inner tube eiement, which was irradiated to 1000 WD/T at simu- 
lated NPR conditiom, PT-IP-2T'A, was warped 60 mils, double throw, and 
both the internal an6 eeernal surfaces were slightly bumped (RM-583). 

Facility for testing (RM-580). 

Esraminatian of longitudixial end-cap sections from a~ Fe-Be-Zr brazed 
element, GEB-4-58, revealed porosity in the braze urider both end caps, 
Also, considerabie porosity was abserved in the uranium adjacent to the 
internal cladding (RM-707). 
tube-tube element, GEH-10-39 and 40, showed the Fe-Be-Zr braze was 
cracked adjacent to the uranium in both inner arld outer components (RM-709). 

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

Metallography of one end of a KER size 

Basic hktallurgy Stdies 

Electron and Optical Micrcscopy. 
annealed and cold worked states have been irradiated in a Hanford Snout 
facility to doses as high as 2 x 1g20 nvt (Thermal). 
approximately 200 A Fn diameter, are formed during low exposures and 
these increase in size with continued dcse to eventually give very large 
irregularly shaped lows. 
clustering. In order to compare the behavior of these loops with known 
vacancy loops, high purity aluminum foils have beeri quenched from 620 C 
to -10 Cy and have been examined. 
small, < 200 A diameter, are numerous, and are absent in regions close 
to dislocation lines and grain boundaries. 
have beec encspsulaFed for irradiation, and zhanges as a function of 
neutron dose will be correlated wLth results obtained OL amealed and 
on cold-worked specimens which crigically COntalEed no vacancy loops. 
Foils of aluminum separated by a diszance of approximately 0.002" from 
a carbon coated-U@ fission source have beer, prepared for irradiation. 
After irradiatiori, the foils will be directiy examined for evidence of 
fission fragxnezk damage. 

Notch Sensizivlty of Zircalcy-2. Unp-edicted r'silure of several test 
fuel elements has prompted an investigation 0: mecharlicsl prope-rties of 
Zircaloy-2 cladding. The failures are a result of severe local strain- 
ing without uifcrn deformation. In order to examine The effects of 
tube wall irregularities cn strength and ductility, tenslle tests at 
elevated temperatures (280 C) are beir..g ccoducted. Data previously 
reported from V notch specimezs wlth a 0.005'' base rsdius showed an in- 
crease in nominal strergth values with increasing r.otch ciepth. A strain 
rate effect vas also observed vith an increased rate causing ax mcrease 
2n strer@h. 
decreased with increasirg notch depth, Sut tke decrease vas not proportiom 

High purity aluminum foils in the 

Smali loops, 

These loops are due to Aracarzcy or interstitial 

The collapsed vacancy clusters are 

Foils of quenched aluminum 

lkiform strain ir the mcltched sectiori of the specimens 
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to the reduction of cross section area at the Eotch- 
notch shape on strength values was investigated using square notched 
specimens. Nctches were of various depths arid 0.065" wide. Nominal 
strength values increased with depth of notch for this shape, but the 
strengthening was less than t.hat caused by a V notch. 
tion decreased with depth of the square notch and corresponds more closely 
than the V notch to deformation. predicted under uniaxial stress. Various 

investigators have reported a substantial loss of ductility in irrakiated 
Zircaloy. 
with varying base radii is being prepared for a cne-cycle irradiation in 

the ETR. 
of a ootch and radiation d&mage on deformation and strength. 

The irfluence of 

Uniform elonga- 

A capsule containing Zircaloy-2 specimens defected by V notches 

Post-irradiation testing will determine the combined effects 

Metallic Fuel Development 

me1 Irradiations. 
fuel elements exposed tc 3600 W/T has started. 
given a visual examination and bqing of the imer bcre has been ob- 
served. 
clad caused by fuel swelling. 
replica of the surface. 

Radiometallurgical examinatior, of KSE-3 single tube 
The elemects have been 

The bumping is presumably the result of buckling of the inner 
Atteqts are being made to prepare a 

An NPR inner tube, which had been suspected as the cause of a KER 
rupture indication and subsequent loop discharge has been tested in 
the IRP facility for 20 hours at 300 C without activity release or 
failure indications. It is concluded that the KER loop discharge was 
not the result of in-reactor failure of this element. 

The irradiation testing of an NPR imer tube resumed in the ETR 3x3 
loop. 
in cold water. It is now operating at 38 kw/ft and maximum central 
temperature of 425 C. 
cycles 

The tube, 24 inches long, had received only a nominal irradiation 

It will be measured after each of the four ETR 

Electron micrographs of uranium and U-2 w/o zirconium irradiated to 
approximately 3200 m/T were studied. 
graphs correlates qualitatively with the observed dRnsity decreases. 
Irradiation appears to have caused dissolution of the U-Zr intermetallic 
-campound. 
porosity and had less density decrease thar, a uranium specimen with 
s Mlar i rradiat im history 

The porosity seen in the micro- 

One '5-2 w/o Zr specimen contained an extremeiy low degree of 

Radiometallurgical examinatior has begun on the KER tube-tube assembly 
irradiated in the ETR 6x9 bop. 
tube exposure of 1200 WIT (0.1h a/o burnug). 
with the 12 Fe + 4 EE + 84 Zry-2 brazing alloyc7 
of the closure revealed the f cllcding : 

This test ran at 320 kw/ft to an outer 
The closure was made 
Detailed examination 

(1) The outer tube operated in the extreme alpha temperature 
range, probably 620 to 650 C, The manum strxture was 
recrystallized with virtaally no cracking. - 

1230122 



(2) The inner tube operated in the low beta temperature range, 
probably 670 to TOO C. The resulting structure was beta 
transformed with columnar grains oriented in a "chevron" 
pattern, parallel to the direction of heat flow. 
was no evidence of cracking in the uranium. 

There 

(3) The braze layer was cracked between the cap and core in 
both the inner and outer tubes. Harever, there was no 
evidence of the same failure mechanism observed in GEH-4-57,58. 

This irradiation Irradiation has continued on Gm-4-63> 64 in the MFR. 
is subjecting production brazed lllaterial to the same conditions as 
GEB-4-57, 58 which failed in the MXT. 
operating at a calculated parer generation of 64 kw/ft. 

Failures of Zircaloy-2 clad uranium rods and tubes, as a result of 
localized clad thinning have occurred in NaK capsule ad high teqera- 
ture water irradiations. From the results of masurments made on the 
cladding thickness of seven rods irradiated in NaK capsules, it appears 
that both thickness and thickness variability are factors influencing 
the susceptibility of Zircaloy-2 cladding to localized clad instability. 
To further study the effects of cladding thickness variations on the 
susceptibility to failure, a new series of XaK capsule irradiations of 
Zircaloy-2 clad fuel rods is planned in the Word reactors. Eighteen 
capsules with three test saqles in each capsule and three instrumental 
capsules with thermocouples k the uranium are completed and ready for 
irradlat ion. 

The test is in its second cycle 

Twenty-two Zircaloy-2 clad coextruded uranium rods have been irradiated 
in the MlTR in NaK-filled capsules to burnups rariging from 600 to 
5000 EaJD/T and maximum uranium temperatures from 250 to 700 C. 
fourteen rods examined to date, seven have cladding failures. 

Of the 

Support and Clip Development. A buggy spring inner fuel tube support 
design for the first fuel charge of the N Reactor was accepted for pro.- 
duction in quantity by a vendor. It is expected that the vendor will 
be required to make slight deveiapmctal modifications to the design 
because of the difference Setween supports made in the laboratory and 
those made by productior methods. Various designs of the locking cli2,, 
which is to hold the inner ad outer ?TPR fuel tubes together, were sub- 
jected to simulated discharge tesks. Sixteen fuel tube assemblies with 
the latest clip design survived the drop test satisfactsrily, 
expected that this desigr, -,Jill be accepted for production when slight 
modifications &-e made tG inprwe the locking operation. 

- 

It is 

A test was made to determine if the static load of the NPR fuel elements 
during exposure to high temperature water would deform the supports. 
Eight two-foot long fuel tubes were tested for 162 hours at 338 C (640 F) 
and 150 hours at 375 C (707 F). 
of creep data, the first exposure is equivalent to 33 weeks at 300 C, 

On the basls of a preeous correlatlon 
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and the second exposure is equivalent to over 20 years at 300 C. Test 
results show that the relocation could be minimal over the life of the 
fuel. 

Fuel Component Development. 
themcouple fuel elements. 
with 0.025-inch~.Wrcaloy-2 clad, a 0.237-inch layer of 1.6 w/o en- 
riched uranium, and a 0.476-inch diameter Zircaloy-2 core. 
was alpha extruded from a KSE-3 billet to make the four-inch coextrusion 
billet for these rods. 
extrusion. 

Two coextrusions were fabricated for 
They consisted of one-inch diameter rods 

The uranium 

No heat treatment was used after the alpha pre- 

A Zircaloy-2 clad mstrix type core rod was coextruded. 
billet was made up of a four-inch Zircaloy-2 can containing 112, O.3-inch 
di-ter Zr-2 clad uranium rods. 
one-inch diameter rod resulted in a clad core consisting cf uranium 
contained in a bonded cellular network of 0.005-inch thick Zircaloy-2. 

!The coextrusion 

The coextmion of this billet to a 

Three 18-inch long fuel elements equivalent in size to ari NPR inner 
tube are being fabricated for test irradiatioc. 
differ from an NPR inner fuel tube in their outside surface which has 
a fluted surface instead of a circular shape. This shape is intended 
to allm for uranium swelling during irradiation without causing tensile 
strains in the clad. These three elements are end capped and welded iriO 

are ready for bond testing. 

A computer program analyzing the elastic deformations of fluted cylinders 
has been used to analyze the volme expansions of shaped fuel elements, 
The numrical calculations of fluted elements formed by a series of 
tangential arcs are completed. The calculations predicted that the 
location and magnitude of maximum strain can be cor;trolled by =hanging 
the radius of the tanqenzial arcs, 

These fuel tubes 

Closure and Joining. Work was continued on the projection welded brazed 
closure on Zircaloy-2 clad KER bier tubes using the wedge shaped inter- 
face between the cap and the uranium. 
from 600 to 75O which appeared to eliminate the unbonded areas en- 
countered on the 600 wedge. 
acid milled from the ena of the element to provide uanium-free cladding 
projections and a V-groove was machined 1x1 the Lcranium to match the 
wedge on the closure cap. 
copper to aid in bonding the Zircaloy-2 cap ta the uranium. 
bonded area encountered in the 600 wedge extended from the projection 
weld part way down the inside surface of the wedge. 
with a 75O wedge were dessructively examined and appeared to be nearly 
one hundred percent bonded. 
considerably wider than or. the ID face of the wedge* 
diffusion layer thichiess may be due tc a greater current density across 
the QD face as this face is in line with the shortest distance between 
the welding electrode and the collet, 

The wedge angle was increased 

Apprcximately OoC25-inch of uranium was 

The cap wedge was immersior, plated with 

The un- 

Two closure samples 

'Ilhe diffusion bond layer on the OD face is 
The difference in 
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The production process for attaching NEl fuel element supports will 
utilize magnetic force resistance welders. 
work has been done on pneumatic force machines equipped with spring 
loaded electrodes, it is necessary to repeat a certain amount of work 
to assure that consistent high quality attachments can be &e. 

of the magnetic force machines has been equipped with necessazy tooling 
for manually welding IOPR inner supports. 
ends of the support. 
Tkse are being weliied by process operators in 333 Building in order to 
2zmiliarize them with machine operation. 
being destructively examined; the majority by s-le shear zest, a few 
by metallographic exambatLon. 

The design work to modify the "Fuel Element Support Spot Welder Fixture," 
Drawings H-3-20106, Sheets 1 through 7, is complete. The original design 
was inconvenient and suggested probability of back strain to an operator. 
The modified unit will permit semi-automatic welding of supports on N 
outer fuel tubes. These modifications, coupled with the support holding 
fFxture previously reported persit a timed load cycle, weld cycle, and 
unload cycle. 

Since previous development 

me 

This slrmrltaneously welds both 
A group of 1000 welds is being made in the machine. 

After welding, the supports are 

F'uel kasurement. N Reactor fuel tubes, representing normal production, 
and tubes with dimemlanal anomalies were measured with the new Sheffield 
measuring equipment. 
for either computer aoalysis or a combination graphx and numerical 
descripticm of the fuel shape. 
is recorded at &e stations equally spaced along the length of the tubes. 
Methods of numerical analysis of these measurements are being developed 
which give parameters typifying the geometrical characteristics of the 
fuel element. 
data from actual elements has been writZen. 
vector, ovality, deviations from the first two Fourier components, and 
incremental curvatures are obtained from the analysis. 
written from whick warp characteristics will be obtaiced. 

Cdlection of the dimensimal data was organized 

Typical;Ly, The 0, ID, and wall thickness 

A camputer program for the analysis of circumferential 
&an radii., axial position 

A program is being 

Fuel Deformation Studies. Mechanical models for tubultir fuel elements 
require howledge of the resistance of the fuel element cladding to 
reversed strain cyclirsg with small incremental hcreases in strain. A 
testing frame, extensicmter, and furzace were assembled, but in initial- 
testing buckling of the specimen occwreb. 
tions to the testing fr- have beer &en 

Facilities and Equipment. 
loops has been completed. 
specimens for the structural aateriais Frogram and the 6x6~3 with a 
stainless steel prcbe tc determine gama heatug rates. The gamma-heat 
probe will be remired 01: or about September 5, and a full-sized NPR 
element wlll be -Lnseneci, "!lis will be the firs: irradiation test of a 
prototype NTR fuel elemect 

New specimens and modifica- 

The modification to the ETR 6x9G7 and 6x6~3 
The 6x9G7 position is now loaded with tensile 
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2. REACTOR PROCRAM 

Corrosion and Coolant Systems Development 

Diffusion of Water Vapor Through NPR Core Graphite. The diffusion of 
water vapor through a l-l/B-inch thickness of NPR core graphite has 
been measured over a range of graphite tenperature from 400 to 800 C. 
Helium gas with different water partial pressures was moved past a 
graphite thimble held at temperature, 
the graphite (as a result of a H20 concentration gradient) was absorbed 
and weighed on a CaSO4 desiccant. 

The rate of transport of water through the graphite increased with 
graphite temperature up to a temperature (about 600 C) at which a sig- 
nificant fraction of the diffusing water was lcst by the water-gas 
reaction with the hot graphite. Above this temperature, the net water 
transport rate decreased with increasing graphite temperature, 
example, at 650 C the quantity of water transported through the graphite 
would he sufficient to maintain the protective oxide film on a Zircaloy 
process tube surface (up to 400 C> as long as the helium on the wet side 
of the graphite had a e0 partial pressure of 0.05 to 0.2 mm. For 800 C 
graphite a H20 partial pressure of 0.3 to 0.5 mm would be required. 
DqeriIllents are in progress to measure the effect of hydrogen and carbon 
monoxide additions on water transpox5 rates 

The water which moved through 

For 

Decontamination and Effluent Activity in Present Reactors. 
pass tubes in KE Reactor, 4963 and 5063, were decontamhated usicg 
Turco 4306-3. 
from the aluminum samples but did not reduce the radioactivity levels 
of these samples. 
deposition of radioactive isotopes released from upstream aluminum 
process tube surfaces. 
use of a more effective decoctaminant) should improve this decontamination 
efficiency. 
decontaminations. 
corrosi-on rates and decontamication efficiency> 

Two single 

This decontamination removed all of the reddish film 

A major reason for this low efficiency is re- 

Longer decontaminant contact tims (and/or the 

The use of Turco ~306-c has been suggested fcr subsequent 
Samples are being exposed in these tubes to measure 

Rupture Tests of Unirradiated Fuel Elements in TF-9 (ELMO-4). 
defect tests were made with coextruded U-Zr-2 rods with weakened bonds 
in an attempt to more closely simuiate irradiaaed rod rupture perfor- 
mance. After rup- 
turing for 40 mutes at 300 C3 the PJptiied area was l-1/2-inch long 
x 1-inch wide. 
which is typicai of most of tie irradiated rods. The next two rods were 
heat treated at 850 C for eight hours to further weaken the bond. After 
rupturing for 40 minutes a5 300 C, the rods exhibited very severe attack. 
The rupture in both rods had progressed completely around the core and 
was about two to three inches in length with a l-1/2-inch wiae opening 
in the Zr clad, 
rapidly ad all3wed corrosiar, sromd the rod, The final appearance of 
the uranium-ccre at the rupture vas similar to unclad uranium after 

Three 

One rod was heat treated at 800 C for eight hours. 

The rupture had nct prsgressed radially around the rod, 

In ea-h rod it, appeared that The Sorid had failed - 
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corrosion tests. 
0.25 inch in diameter. The appearaace of The rods heat treated at 850 C 
was similar to several previous ruptures made with irradiated rods. 
Other rods with this heat zreatment will be used for studying the effect 
of varying the water cooldm rate (vithin Nm capabilities) on the rupture 
severity 

%e uracium cores had beer: reduced from 0.53 inch to 

Rupture Tests of irradiated Fuel Eierpents in IRP* ‘The U-2 w/o Zr core 
element that had been irradiated in KER Loop 2 to 3200 M/T, and then 
rupture tested in the IRP at 300 C was transferred to Radimtallurg;. 
for examination. 
which was folhwed by an additional rupture period cf 88 minutes. The 
element was broken into two pieces by the rupture. 
eachpiece was swelled over the entire diameter and extending down the 
longitudinal axis about 1/2 to one inch. 
limited attack, a companion solid (unallcyed) uranium core elerint that 
was rupture-tested for only eight ninutes -Jas cracked ana brokzn into 
nine pieces and was cracked and swollen the entire 18 inches oi length. 

This element shared an incubation time of 10-1/L hours 

The ruptured end of 

In. contrast to this rather 

Corrosion Test tc Evalate NPR Heat Exchanger. A test is in progress to 
determine the susceptibility of the NPR steam generators to deposit for- 
mation and stress corrosion cracking, A small dummy heat exchanger tube 
bundle is being exposed to alternate drying and vettmg action in order 
to promote depositicn of water impurities on its surface. 
tube bundle is fa’crzcafed fromthe same materials u;ed irs the NPR and 
received the same heat treatments. 
simulated NPR seccnriary system water (deionized water corrtaining hydrazine 
and ammonium hydroxide) has been terrmnated after f3ur weeks exposure 
between 150 C and 170 C. 
found. The carbon steel tube sheet ana suppcrts had developed a tight 
black oxide film, and the staiIi;EEP steel emibited a dark golden oxide, 
Tests are now being 1111; 01: the mbe bundle using NPR secondary system 
water contaminated with 55 filtered Calumbia River waxero This is to 
simulate a raw wa+,er leak in zhe NPR secondary system. 
week exposure period mmrous smail pits were found os the carbon steel 
co3rponentsJ but GG depcsits ‘were i’our;d, 

The dummy 

Exposure af the xbe bundle to 

No deposita ar strees corrosion cracking were 

After a one- 

Long-Term Testing of Wmdotte 5~6~ Decontauxmt. 
pleted six of eight scheduled cycies svaiuazing the Wyandotte-1113 
wyandotte-5061 process. Three cycles were caqleted during the past 
month. The 3OL stainless steel ad Zircaioy-2 Eqles, stressed and 
nonstressed, di,d not show m.3- apparent cnimicrl artackr, stress corrosion, 
crevice ccrrosi3n; or stress crackinge The carbon steel samples showed 
uniform type corrosior. with siiglit surface r0ughenir.g. 
indication of stress =orr3sim or crackira oc the stressed samples. 
vanic and crevice corrosiJn was abservea thcugh not 59 a serious extent 
(approxunately 1.5 mils after six cyc~.zsj~ 
was pitted over the 5ETiz-e surface -2-y %e :henica:s >sea ixi the Zvalua- 
tion. 
the characteristic surface €T,Ckicg s-r~ci? accoqanier +,A2 previGusly ob- 
served den.driti2 pixug act2cki;. 

This test has com- 

There was no 
Gal- 

me +,-De 420 stainless steel 

The Haynes -4lloy-LL1. ar,d EIayrAes SteLllte All,Dys-< and -12 snowed 

%;e E2-jSL veided sanpies using 
\ 
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"IncoA" weld rod appeared to have less knife-line galvanic attack than 
the samples welded with 309 filler rod. The "IncoA" welded samples were 
stress-relieved and the 309 welded samples were both nonstress-relieved 
and stress-relieved. The AMs 5616 alloy, cast stock, exhibited definite 
pitting on the surface. The bar stock indicated possible pitting. 

Mssolution of Ion Exchange Resins. Several tests have been conducted 
in the Ti?-10 Loop to evaluate the corrosiveness of a resin dissolution 
process developed by IPD. 

(1) 6s m04, (2) 30$ ~~03, (3) 34 e@. 
recirculated for six hours at 90 C; the 36 HNO3 solution for four hours 
at 70 C; and the 3$ €Q@ solution for one hour at 70 C. A rinse step is 
added between the first and second chemical solutions with a limitation 
of pH 7. The 34 solution is made up by adding 30$ H202 solution to 
the spent HNO3 solution. After this step is completed, a water rinse to 
pH 5 to 7 is used to end the process. Stainless steel samples sensitized 
and nonsensitized, stressed and nonstressed, were charged and the maxim 
observed corrosion was 0.005-mil per process. 
were also charged. 
during a microscopic examination-. 
the above test shared the characteristic surface etching upon micro- 
scopic examination. However, subsequent metallurgical examination reports 
no surface pitting. 

The process consists of three steps: 
The 6$ -04 solution is 

Zircaloy-2 stressed samples 
There was no evidence of stress corrosion'cracking 

The Stellite-12- sample exposed during 

Structural Bterials Devqlopmmt 

Pre-Post Irradiation Evaluation of NPR Process Tubes. Harvey Aluminum 
Company initiated a program to recover approximately 75 NPR process tubes 
that contain one or more tears on the inside surface. The tears are 
removed by grinding and the resulting thin wall area is thickned by 
momentary application of heat and axial compression. 
containing one of these repaired areas was subjected to a 300 C burst 
test at Hanford. 
fromthe repair treatment, 
walled Zircaloy tubing with varying amounts of cold work are shown in 
the following table: 

A section of tubing 

The hoop stress at failure indicated no harmful effects 
Typical results of 300 C burst tests of heavy 

Percent Average Hoop Stress 
Type of Tube No of Tests Cold Work (ps1) 

NPR (Chase) 4 18 55 s 000 

PFDR Approx. 10 0 46 000 

NPR (Harvey) 1 20 63 ooo 

KER 3 40 68 p 000 
KER 3 60 73,000 
KER 3 70 77 3 000 

(Repaired tube 
described above ) 



A Zircaloy tube was discharged from KER Low 3 after 28 months exposure, 
and was cut into 5- tc 8-foot lengths to facilitate handling. The tube 
was marked in such a way that the pieces can be reoriented axid identified 
according to posltion in the reactor. After preliminary Lspection and 
radiation measurement in the KE basin, the tube sections will be moved 
to the Radiometallurgy Building in the 300 Area for irtznsive testing. 
and inspection. This program will icclude mztallography for changes in 
microstructure and for amount and distribution of hydrides; and burst 
tests to provide data or: stress and deformation to ruzture, stress to 
produce a Uniting deformatlcn in a given time, and creep-rate curves. 

Nom&allie Miterials Development 

Burnout Monitoring Program. 
31C7U-D were discharged OG August 10, after 2gL operating days in-reactor. 

Graphite burncut monitoring samples in 

plere was a sharp maxirmlm (40$/m; ioeuj per "1000 operatiag days") in 
burnout rate at a location about one-fourth of the way from the frozt 
face to the rear face. On either side of the Feak the rates were less 
than 2$/KO. Because the samples in the highest temperature arAd flux 
zone (near the center line) cxidized no faster than iL the ccoler zones 
(near the ends of the zhannel), the cxidatit vas presmed to be either 
small amounts of water or cxygec. Slnce the cxi2arAt was substantially 
consmd in the front quarter of the channel, where the graphite 
temperature prcbably did zot exceed 580 C, the possibility that the 
oxidant was CW is discredited. 

Durlng borescoping of se-Jeral VSR channeis at C Reactor, i?; vas observed 
that the ends of some of the filler blocks have been badly gxidized. The 
oxidized areas are somewhat circular and are syrmnetrical with respect to 
the center of the bar. They have maxiinurn diameters of abouz three 
inches. Depth of penetration has not been deterrmned. It was found 
that similar damage occurred to the ecds of fuil size bars which were 
used by the Reactor Lattice Physics G-perarioz in 311 exponential pile 
experiment, It is beiieved %hat the distributLor of the oxidation 
damage is due to a nomniform distributioc of impurities in the graphite 
bar. 
samples from the eduponenttal piles, 

This will be checked by cbtaining asn patteLrns of the graphite 

Processing Temperature of N?R Core Grsphire (TSX), The electrical re- 
sistivity of transverse BL~ parallel graphite sqlea cut from TSX 
bar 164 vas measured oefore md after anxiealmg fcr 15 minutes at 
2900 C. This bar was located ir, the center 2i' tte graphitizatisn 
furnace, arrd acccrdiq to NPR gmpf;ite specifications shouid have been 
processed at 3000 C. The difference in resistivity after araealixg 
was significant at greater Than $he 993 cmfiderce level for both 
orientations. From this differeme :+, is icferre?. that the firral pro- 
cessing temperature of this bar ;ras lower thar 2gOC C. 
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!Thermal Eiydraulic Studies 

i 

Heat Transfer Experiments for the Overbore Fuel Elements in C Reactor. 
Laboratory experiments were performed to determine the heat transfer ~ 

conditions an: fuel temperatures following a sudden reduction of coolant 
flaw to an overbore process tube in C Reactor. These experiments were 
transient in nature where the changes in pressures and temperatures 
were measured following controlled changes in flow and heat generation 
rate 

The test section consisted of a 1.ggl-inch OD by 0.339-inch ID electri- 
cally heated rod in a 2.147 ID Zircaloy tube. 
equivalent to a 32-piece fuel charge and was centered in the process 
tube by 192 ceramic ribs of the sane shape as those being used on the 
reactor fuel elements 

The.heater rod was 

The mode of experimentation consisted of first establishing steady state 
conditions of flaw and heat gelzeration rate in the test section. 
the flow was reduced suddenly by quickly closing a valve to a pre- 
determined position. 
the test section were moaitored on fast acting recorders, 
reduction in heat generation rate simulating a 1400 i.h. reactor scram 
was initiated when the heater rod temperatures either leveled off 
indicating stable film boiling or continued to increase to values 
jeopardizing the test section. 
was maintained constant at 400 psig. 

Next, 

Readings of pressures, flows, and temperatures in 
Finally, a 

During the runs the front header pressure 

Results were obtained for various sudden flow reductions at initial tube 
puwers of 1000 and 1800 IW with outlet water temperatures of 130 and 
160 C. Flaw reductions to 10s of original flow for 1000 KW and 304 of 
original flow for 1800 KW were carried out without damage to the simu- 
lated fuel during the ensuing transierit conditions. 
of the experimental results was started to allow the establishment of 
maxirmm outlet water temperature limits for the overbore tubes in 
C Reactor. 

A thorough analysis 

F'uel Temperatures Resulting From an Inlet Pipe Rupture on a BDF Process 
- Tube. 
determine the fuel temperatures during the shutdowc traxsient following 
a ntpture of an inlet pipe to a process tube on a BDF type reactor, 
The primary mode of cooling the fuel elements following such a rupture 
would be by the water available from the slightly pressurized rear 
header 

Analysis was completed of laboratory experiments performed to 

The test section used in these experiEnts was a full scale electrically 
heated mockup of I&E fuel elements in a BDF type process tube. With the 
test section operating under normal conditions, the %let line was 
opeoed suddenly to atmosphere and the rear header pressure was main- 
tained at a constant pressure. 
heat generation rate in the test section was decreesed at a rate simu- 
lating a 1100 in-hour scram of the reactor, Each run was continxed 

After approximately three seconds the 
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until all thermocouples in the heated test sectioc had reached a maxinnlm 
value and then started to decrease as the test section was cooled by the 
reverse flow from the rear Deader. 

Data were obtained at various rear header pressures for initial tube 
parers of 800, 1200, and 1400 KW. 
of central zone tubes in EDF type reactors would not be subjected to 
fuel jacket melting upon failure of an inlet pipe to a single tube with 
present operating conditions. These results are ccntrary to those pre- 
sented for the K Reactors in W-68214. 
results for the BDF and K Reactors can largely be exg1air;ed by the 
assumed control strength of the vertical safety rods and hence the dif- 
ference in heat decay curves. A complete description of the experiments 
and a more thorough discussion of the results are presented in HW-70769. 

The results indicate that the majority 

The difference between the ' 

Heat Transfer Characteristics 01' NPR Fuel Elements. The studies to de- 
termine the boiling bumout conditions for tine NPR sube-ir-tube fael 
elerpents were contioued. 
were obtained in the labcratory with an electrically heated test section 
equal in cross section to the center hole of' the fuel elements, 
section for these rucs consisted of a 12-foot lorig tube, 0.44-inch ID, 
with flow through the inside. 
tance heating and boiling burnout conditions were detec%ed by noting the 
temperature excursions as measured by thermocoQpies attached to the out- 
side wall of the test section. 

Twenty-six additiorial boiling burnout conditions 

The test 

The tube was heated by electrical resis- 

Boiling burnout data were obtairied at fairly low flow rates (500,000 to ' 

3,000,000 lb/hr-sq ft) ad high steam quaiities (15 to 62$ steam by 
weight). 
450,000 B/hr-sq ft. 
test sections =e-half ud one-fourth as long. 
parison is difficult shce the data do Lot overlap for ac appreciable 
range, it appears that lexzgth did nct aff%c$ the boilicg burnout 
conditions cver the range of lemh studied. 
the flow conditions studied, a shree-fco-c leng'th of %est section. was 
sufficiect to establish the flm patterns which sight affect boiling 
burnout. 

For these Zonditions the keat flux varied between 200,000 and 
These data were compared with data fram similar 

Alt5oug.k a direcr; ccm- 

It was esncluded that for 

Hydraulic Studies. - 
and results of a smdy of fluid Exix-4 ir a sever,-rod bundle fuel assembly, 
The study was carried OUT, some time ago, but because cf the loss of 
interest for -dia%e appiicatlccs, the work of data analysis and report 
writing was delayed. 

A repcrt was issued (HW-70178) vhlsh presents data 

A coaxial pipEg arrangemem was atilized 50 icc*r3duce a salt solutior, 
into the imer coolant channels af a sever-r3d buxdle placed ir, a cir- 
cular tube while regular wa'ter was irrtroduced xts %he ouwr coolar,t 
channels. . The saline ccncentratior& was measul-ea ic samples cf the outer 
chamel stream at variois distances almg the rod bmdls uxiq length 
and the-relative salt concentration iri these canrples was used to describe 
the effectiver-ess or' four- to eighteen-mc-1 pitch wire wraps as coolant 

,. 

m 
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mixing promoters. 
chemical mixing rates to bulk coolant temperature disparity between 
the inner and outer channel coolant streams under nuclear heating 
conditions. 
and outer coolant streams was predicted as a function of wire wrap 
pitch. 
lished previously to indicate that wire wrap pitches of 10 to 18 inches 
cause near optimum mixing conditions in seven-rod bundles. 

Analytical relations were derived to relate the 

In this way, the temperature disparity between the inner 

These relations can be combined with pressure drop data pub- 

Shielding Studies 

Shield Calculations. 
attenuation by bulk shielding materials has been rewritten to include 
inelastic scattering. 
to date (as applied to ordinary concrete) was submitted and accepted for 
presentation at the winter meeting of the ANS. 

The computer code to calculate neutron and gamma 

A summary describing the results of the program 

A new program has been written to calculate the miltigroup cross- 
sections used in the diffusion equations for the neutron shielding 
calculations. 
uses as icput the RBU cross sections obtained from J. E. Schlosser's 
"BARNHOF" program. - 

This prclgram enables one to choose up to 35 groups and 

Attenuation Measurements. 
gamma attenuation of as-cured barite concrete is complete. 
slabs are being baked at 320 C and will be placed in the bulk shield 
facility during the next shuttiown af the DR Reactor. 

The experimental work on the neutron and 
The barite 

B. WEAPONS - 3000 PROGRAM 

Research and development in the field of plutonium metallurgy continued in 
support of the Word 234-5 Building Operations and weapons development 
programs of the University of California Lawrexxe Radiation Laboratory 
(Project Whitney) 
distribution lists appropriate to weapons development work. 

Details of these activities are reported separately via 
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C. REACTOR DEVELOPMENT - 4000 PROGRAM 

1. F!LUTONIUM RECYCLE PROGRAM 

Project Mmag ement and Design 

PRTR Construction. The paving an( landscaping contract is 995 complete 
versus 100$ scheduled as of August 31,? 1961. Replacement of shrubs and 
maintenance of reseeded areas are in progress. 

Preliminary testing of fuel element examination equipment disclosed that 
certain drives on the Profilometer-5X viewer were not working freely. 
The viewer was removed and the drives t’reeci. In addition, optical tests 
indicated the Geed for a correctiv? lens in thz diameter measuring unit 
of the Profilomter. This lens is being built. The manipulator was 
tested and several of the notions fomd inoperative. These are believed 
to be due to wiring errcrs at installatim. The wiring is now being re- 
checked. 
The Design Tests ad Operating Manual have beexi written. 

The wide angle viewer was installed and performed satisfactorily. 

Plutonium Recycle Critical Facility (PYoject, CAB-842). 
is estimated to be 7246 complete. 

The total project 
In view of the late delivery of the 

instrument package and other procurement delays, as well as some equipment 
modifications recommellded by the recently compieted safeguards analysis, 
a new completion date of December 31, 1961, and additional funds in the 
amount of $40,,000 are being requested. 

The equipment installation contractor is about 539 complete. 
coolant blower, the reactor pumps, and the valve contr31 panel were in- 
stalled. 

The thimble 

Replacemezt CY defective parts iz the fuel +,rarLsfer lock was co-qleted 
by the vendor. 

Fuel Element Rupture Test Facility (Project CAH-~@),. 
constructioc is estlmated at 19% complete againsc 70$, scheduled. 

Over-all 
The 

J. A. Jones portior! of the work is estimaf,ed a% 17% complete as compared - 

to 18$ scheduled. 
completicri date to Jme 30, 1962, has been approved. 
schedule has Seen prepared ad submitted for approval. 

The revised project prcposal, extending the project 
A revised project 

Bids for the water plant-holdup ta& portix of the project were opened 
August 17. 
PBsco, at $345,000. The fair cost estimte for this work was $3k8,OOO, 
and the project proposal estimate vas $357,300 

-. .* i 
All t’tems of Ga:E. procured equipment :lave seen recei-mi or are LI~ rransit 
exce’pt fcr the eleCtPi?m ewitchgear and noror zantrSL cecter. 

delivery of stainless szrel 21’p ar,c fitzings Qrderec! oy J 

Apparent low bidder was Levis Hopkics Cocstruction Co. I 

The late 
A. Jones 
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plus the recent strike by construction fitters has slowed work progress. 
Work by J. A. Jones Construction Co. on equipment and carbon steel 
piping installation has continued. Service pipir4 installation is 
essentially complete, with tie-ins to existing PRTR systems remaining. 

The cooling of a ruptured metallic uranium fuel element during charge- 
discharge operations is being studied. The present design utilizes 
a water-filled process tube to achieve 308 irw-min. of cooling - addi- 
tional water is injected at the top of the PRTR Fuel Handler and is 
eventually funneled into the test section. A more direct method of 
water injection is sought. The method Will probably require minor 
modifications of the PRTR Fuel Handler. 

Component Testing and Squipment Deveiapment 

PR-10 - Primary Loop Mockup. Plans made to transfer the spare prixz-: 
pump rotating assembly to 309 Building for craft training has not '0~~~1 

accomplished due to more urgent work. 

The prototype pump with the self-adjusting seal assembly operated an 
additional 726 hours for a total of 9530 hours. 
leak rate is 0.25 g/hr. 

The present seal 

The seal test stand operated an additional 172 hours and 23 starts for 
a total of 1528 hours and 200 starts. 

The Aldrich Injection Pump operated at PR!IR conditions for 655 hours 
during the month testing Disogrin U-cup packing. 
of the packing was discontinued due to excessive leakage on August 24, 

Operational testing 

1961. 

Hours Ml/hour Remarks 

Plunger #l 905 3 500 2 u-cups 
Plunger #2 1J-J-7 2500 2 u-cups 
Plunger #3 655 2000 1 u-cup 

Flexure Loop. 
S/S to Zr-2, for ETR use, was resumed on August 24, 1961 following 
repair of the immersion heater. 
2 thermal cycles with no indicated leakage. 

The testing of the 3-clamp Grayloc transition union, 

It has operated for i3 hours and 

Critical Facility Components. Testing of the source positioner has been 
completed and it is now ready for installation in the Critical Facility. 
The unit was operated over 100,GOO cycles without failure. 

The adjustable weir has been satisfactorily tested with the synchro 
position' indicator. Performance met required criteria except for a 
travel speed of 3 1/b" per minute using the PRTR shim motors which 
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exceeded the 2" per minute criteria. 
to correct this variance if determined necessary. 
gear reducer will not interfere with installation in the Critical 
Facility and the unit has been released to J. A. Jones, Minor Construc- 
tion, for this purpose. 

A gear reducer may be installed 
Instaliation of a 

Delivery of the flexible hoses for the thimble was made at the and of 
this month. Testing of the thimble assembly has started. 

Most of the machining work for zhe first prototype safety rod and control 
rod has been completed except for the work requiring the uurninun pipe 
and tubing. 
the aluminum tubes has been delayed. 
safety and control rods will take an additional month; homver, protd.;;?-' 
drop tests and operational tests will be started without these piat2C ~cU.,. 

Due to mechanical failure of tne swaging machine sizing 02 
Off-site cadmium plating of the 

No information has been recsived from AEC Puchasing conc9rning aztaiA?C 
information on tne radiation resistace of so=? qusstianaoie materials 
used in the Control Rod and Weir Synchro transnitter positLon indicct- 
ing units. 
indicate satisfactory mechanical ad electrical performance. 
ing has not included any exposure to nuclear radiation. 

Testing of triese units has been started and initial rzsuI'cs 
This test- 

Rupture Loop Components. 
was thermal cycled 34 times to test the conical disk spring arrangement. 
The spring characteristic Oirer a 1000 to 8000 lb. force range remained 
constant. 

Th2 outlet nozzle hold-down assembly mochp 

The Urcdoy-2 process tube to stainless steel nozzle connection was 
thermal cycled 34 times to test for sizing, The stainless steel con- 
sistently puiled the Zircaloy-2 process tube flange outward. Visual 
inspection of the Zircaloy-2 contact face ciearly snowed the contours 
and marks of the matchi,?q stainless steel pisce> 
m with both ccntact faces having a mirror finish ad a coating o? 
MbS2 for inducing sll.ppage. 

The test is being re- 

PIiTR Operations 

Reactor Operation. Mechanical and instrument difficulties :oriinued 
to plague successful continuous operation. A total 3f k8 scrams 
occurred in 29 days, the majority of which jrere zaused by (l? spurious 
trips from flow monitors and flu irstr;unentation, and (2) temperature 
and pressure Zycling probiems in the prim systero, By thz end of 
the month, as a result of engineering modificstisns, improved reactor 
operation was realized. 

The most serious condition encountered during the month was process 
tube plugging, 
of a badly battered coffzs can, were found ir, tiif Inlzt jumpers of 13 

Foreign objects, later confirmed as being smali pieces 
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/ 
process tubes. A total of eight days' effort was spent flushing, dis- 

assembling, and inspecting the primary system and its components. 
Metal pieces varying in size from one-half inch to two inches square 
were removed from the inlet jumpers. 
back-flushed from the inlet ring header. There has been no evidence 
of any tube flow reduction since August 21. It is believed that the 
can entered the system during process pump seal repair operation on 
August 9, although this is not conclusively proven, however. 
ance and operating procedures are being revised to prevent a recurrence 
of an incident of this type. 

A large chunk of the can was 
I 

Mainten- 

Helium consumption during the month was a calculated 248,000 scf. A 
significant part of this loss occurred as a result of reactor scrams, 
plus frequent system purges for maintenance reasons. 
cation to permit the use of an internal helium supply for certain 
liqgid level signals has eliminated a constant input of helium of 300 
scf into the system when no additional helium was really necessary.' 
Some improvement in the helium consumption at month-end has been noted, 
but the loss rate is still sub-standard. Helium leak checking is being 
done during every shutdown to improve performance in this area. 

A piping modifi- 

The reactor loading was modified to 52 U02 and 33 Pu-A1 elements and 
the shim free critical level was determined to be 62.6 inches. The 
increase of 8 Pu-Al elements helped the scram recovery time but the 
loading is still not adequate to overcome xmon poisoning following a 
scram from equilibrium operation. 
about 1.5 to 2 hours based on one opportunity to observe the xenon 
buildup. 

Scram recovery time appears to be 

Operating experience at the end of the month started to improve. 
70 MW operation it was determined that power level changes must be 
made slowly to prevent pressure-temperature cycling in the primary 
system. 
In addition, it appears that a third boiler feed pump is required at 
power levels above 60 MW to maintain required minimum feed water pres- 
sure and boiler water wality. Several tests are planned to evaluate 
this problem more fully. 

At 

Some of the most recent scrams have been caused by such cycling. 

Reactor Maintenance and Modifications. The repair of PP-1 during the 
outage of July 24, 1961 was a failure because of D30 leakage through 
the secondary mechanical seals caused by improper Kotching and seat- 
ing of the L-ring seal behind the secondary seal rotating face. This 

condition was corrected on August 8, 1961. Soae seal damage occurred 
to PP-1 seals on August 24, 1961 when the seal terzperature increased 
to 170 F and seal injection was found to be stopped due to drift of 
differential pressure across P-3k down to 30 psi. 
taken to record differential pressure readings twice a shift or oftener 
during unstable conditions and to keep a control room hourly record of 
seal temperatures, A graphic trainkg guide poster of the primary 
pumps and associated valvirrg is being prepared to use in training 
classes that are scheduled to begin next nzonth 

Steps have been 
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Installation of fixed bleed orifices to protect the boiler feed pumps 
against complete discharge valve closure was cancelled when Ingersol- 
Rand revised their calculations of the required bleed from 10.6 gpm 
to 35 gpm. Present planning involves use of an air operated valve to 
discharge 100 gpm back to the deaerator during flow shutoff to HX-1. 

A low pressure helium compressor diaphragm failed on August 4. 
were replaced in both heads of the compressor; the failed diaphragm was 
found to be cracked across 2/3 of its diameter4 Single diaphragms are 
now being used in this compressor instead of double diaphragms to see if 
longer life can be achieved< 
pressure compressor was received on August 13. 
replaced, but no failure was evident by visual examination. The dia- 

phragms are being decontaminated for metallurgical examination. 

Diaphragms 

Indication of diaphragm failure on a high 
Both diaphragms were 

a0 collection tank piping was revised and an addiTional tank was tem- 
porarily installed. These changes permitted separation of the coilection 
of primary system leakage from that of the moderator and reflector sys- 
tems, with the exception of some minor sources. 
installed to permit D20 condensed from the p-ressuyizer helium bleed to 
be returned via a collection tank and pump. 
of Operations' manpower. 

Temporary piping was 

T.Us has resulted in savings 

A hydrogen addition line was connected to the Frimary D20 injection line 
so that hydrogen content in the helium system may be reduced, 

A temporary flushing line and strainer was designed and installed 
between the inlet ring header ,and :he reactor outlet piping to assist 
in flushing coffee can fragments out or' tile iniet, ring header. 
of the veight of a can was removed In this fashion. 
was dismntled and stored after flushing. 

Most 
The temporary piping 

The thermal barrier seal was replaced vith a seal of new ina.terial which 
is expected to be more durable than the original seal, 

The tracings for ion exchangers IX-2 and IX-j vere =vised to show a 
screen at the top of the vessel in addition to the one presently exist- 
ing at the bottom, 
backflow condition sbdd exisz An amlysis was begun utilizing the 
ASME Unfired Pressure Vessel Code to dete-mine if IX-2 and IX-3 couid 
withstand 120 psig, a condition that coGd exist even though original 
design pressure was 50 psig. It was observed during ths zalcuiation 
that none of the ion exchange vessels are welded in accordance with 
the ASME coae I 

into, the shell wall and a reqkired nozzle tc shell weld was not 
shown. The tracings for all ion exchmgers :rere then mciifizd in 
order to conform tc the code 
that IX-2 and iX-3 wiil wiciistana 125 pig at 150' F dter being 
modified. 

This Is $0 prevent backflow of the resin if a 

The nozzle was abutTed agsinst, rather than inserted 

The zaiciLation *lien performed snowed 
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A design change revising the Helium Unloading Station was prepared in 
order to facilitate sampling at the railroad unloading station within 
the 300 Area. 
the unloading line to prevent suspected "dieseling" of the helium 
against the C.P.V. globe valve, and (2) adding the pressure reducing, 
safety relief, globe, and needle valves necessary to take a sample at 
atmospheric pressure. 
to be taken at 300 psig and did not have an adequate venting or safety 
relief system. 

The modification consisted of: (1) adding a valve to 

The previous configuration forced the sample 

The third log-N channel was incorporated into the shutdown valve period 
trip circuit as well as into the scram valve trip circuit. 
channel still has not been incorporated into the overlap trip circuit, 
compressor m interlock circuit, and automatic control circuits. 

This new 

All four high level safety anplifiers, including the spare unit, were 
revised by the manufacturer who incorporated his recent design changes. 
These units shared immediate improvement in operation, and it is believed 
that they will not again exhibit their former deficiencies. 

A review of the current status and desirable changes in the reactor 
flux monitoring and control system was made. 
for action were made where it was believed operating efficiency could 
be improved. In general? these recommendations included permanent 
incorporation of the second startup channel in the system, eventual 
replacement of the troublesome startup channel preamplifiers, completion 
of the intermediate channel triylication job, consideration of the by- 
passing of the intermediate channel period trips at full equilibrium 
power levels thus allowing them to be onscale at shutdown levels, and 
the establishment of an energetic preventive maintenance program. 

Specific recommendations 

An intermittent tube socket in log-N $2 unit was discovered and replaced. 
This may have caused the spurious openings of the shutdown valve which 
were noted during the last operating period. 
high trip relay in Linear Flux Amplifier #2 was found burned off and the 
relay was replaced. 

The actuator arm on the 

Part of the Control Room Flux Monitoring Instrumentation load was trans- 
ferred-from EI-L to EI-9. Both ciraits are now loaded to approximately 
50$ of their rated capacity, 
have been ardered for these two circuits to replace the 3 KVA trans- 
former that was damged during the instnunent mctor/generator outage 

TCTO each 2KVA constant voltage *;ransformers 

Design Change 36, which provides a manual override for the automatic 
closure of the P-12 valve upon power failure and provides more positive 
closure action of the MV-1 valve upon light water injection, has been 
installed in the light water injection system, 

The 
and 
the 

123013 

pressurizer level ccntroller was overhauled, the reset action changed, 
snubbers were added in the sensing 1ir;es. These changes have improved 
action of the contrcller and have eliminated serious cycling of the 
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control valve. 
been reduced and pressure control is now satisfactory. 

ETfect of level contrcl 011 primary system pressure has 

A temporary system was devised ar-d installed for removing condensate from 
a stack gas sample. 
and tritium. 

This condensate was monitored for the presence of D20 

A review of the present and contemplated status of the fuel element 
rupture detection system was made. 
before this equipment will operate as required. me process channel 
sampling system has not operated as expected, ad this is the most serious 
problem since representative samples are considered to be the key to 
successful fuel failure detection. 
on a demonstration unit of four gas separatsrs with new water traps. 
fabrication work on the unit is about 96 complete, and the total job 
about 56 complete. 
as a basis for design of modifications to the entire system. 
sary revisions in the electronics for the system are also being made. 
Others are desirable for more flexible and uderstandable operation of the 
equipment. 

Considerable effort will be necessary 

Work was started on August 11, 1961, 

Perfomaxe of the demonstration units will be used 

The 

Some neces- 

The current completion status of Maintenance Procedure Wuals was re- 
viewed with Fpp Plant Engineering and priorities were established for 
revising and completing the manuals. 

mtTR Technical Support 

Planning and Procedures. .A summary of the first two series of critical 
tests was prepared at the request of the Hanfcrd Operations Office for 
transmittal to the Cardicas-Virginia Nuclear Power Associates. 

The review and combining of PRTR Operating Stacdards continued. 
the number of standards has been reduced from 102 to 87. 

To date 

Special tests were pregared for the seccndary ccclant s-ptem to determine 
proper operatira conditions for imprwed boiler water quality, The first 
test, increased surface blowdown of the boiler, was ,.rider way at the end 
of the month. A special tesf was alsc prepared to evaluate the ‘xie of a 
sulfite regenerated ariicr, exchange resic as a deoxygenation resin in the 
primary coolant system. 

- 

A review of the sampling schedule for the various coolart systems was 
completed and the $peraf,ing procedure covering the schedde revised. 

agiceering Analyses. 
can found in the primary system revealed that the pieces had not been 
irradiated nor exposed to high temperstues. 
estimated l92-gr3.m cm weight was recovered from the primary system. 

Metailurgical examinatiori 01’ pieces of the coffee 

A total gf’ 156 grams of the 
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An extensive set of unit motion readings were taken during this report 
period, and it was found that the top primary shield, referenced to its 
vertical center line, has moved 0.022" north, 0.015" east, and has rotated 
clockwise about its center line Oo 1' 57". 
moved in relation to the biological shield. 

The bottom shield has not 

A redetermination of PRCT critical loading configurations is under way. 
A revised set of macroscopic neutron cross sections has been calculated 
to represent p#m( &-A1 fuel in three-group diffusion theory calculations. 
The cross sections more accurately take into account the effects of 
resonance self-shielding. 
tests has been obtained, which fact lends an optimismto the use of this 
revised set of nuclear data in PRCF studies. 
work include: 

Good agreement with results of PRTR critical 

Considerations from this 

1. Effective multiplication as a function of moderator height 
for near-critical two-zone loadings. 

2. Effect of flooding the reactor cell with H20. 

3. Evaluation of control and safety rod worths. 

A study of heavy water losses fromthe PRTR, including a study of causes, 
detection and control of D20 losses, was wLdertaken. 
formation was developed: 

Thc following in- 

1. Source of Loss 

Moisture samples were obtained fromthe stack gas on August 5 
during 70 ~JW operation and were analyzed for tritium activity. 
The results of aalysis indicated a possible loss of about 200 pounds 
per day to stack. 
from which the losses were occwring. However, it is established 
that very small leaks from any D20 system in the form of drops 
could sustain the observed loss rate. Similarly, losses of about 
100 scfn from the D20 recovery systzm cvdd account. for this loss 
under certain conditions. A third high 135s potential area exists 
in the helium gas. 
indicated that substantial D20 vapor could be carried to the stack 
by the helium gas loss which had been occurring to date. 

The study could not uncovcr specific areas 

Calculations based on D2O-helim equilibrium 

2. Loss Detection . 
At the present time the silift D20 inventory provides a means for 
charting the losses, 
more rapidly were investigated. bnitor of the exhaust air with 

activity counting or humidity determinicg instruments are not of 
sufficient sensitivity to provide the nzcessary control of losses 
to tolerable limits. Undetectable losses in excess of 200 to 
300 pounds per day may occur by use of these instruments. It is 
necessary therefore to utilize laboratory techniques for analysis 

&thoLs by which the losses may be detected 

. 
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of moisture sqles obtained from the e,xhaust air. The methods 
are not adaptable to a continuous monitoring system. 

3. D20 Recovery from Exhaust Air 

Should the present efforts to alleviate leak sources be un- 
successful, a m0 recovery system for the exhaust air may 
become necessary. Two criteria must be satisfied in such a 
system, and both have significant influences on the type of 
system which will be required. 
content which must be ackieved for economic reworking, and 
(2) the amount of moisture which can be carried to the stack 
as unrecoverable D20. 

These are (1) the D20 isotopic 

Ventilation air to the reactor process areas carry relatively 
large amounts of moisture. This moisture is of sufficient 
quantity that the vaporization of D2O at rates of 200 pounds 
per day will yield a D20-H20 mixture having a D20 purity of 
less than lo$, which is no% economically reworkable. It be- 
comes necessary that the inlet air dewpoint be lowered to 
provide a final purity at the exhaust which is higher than 
10s. 
greater amounts of D20 per given total moisture content as 
the BO purity becomes higher. 
D20 recovery system will require a desiccant drying system for 
the inlet air and a refrigeration unit which will ice out the 

(In the other hand, the exhaus-c air will carry out 

To satisfy these factors, a 

‘ D20-H20 mixture at the exhaust. 

4. bbnth-End Barrel mventory 

The current system Df the month-end barrel icventory was 
reviewed. 
significant errors in the accountability, the potential for 
erroneous reportug does exist. Corrective method includes 
accountability of all barrels, empty or otherwise, to preclude 
the possibility of overlooking a filled barrel. 

Although the present system has not revealed 

Ticrmal HTydraulics Studies 

PRP Critical Facility. 
hazards analysis ~f fnel in rhe Critical Facility whec cocled only by 
air. 
PRTX fuel element vhich could be brought into the facility for testing 
would reach 3 maximum %mpersture of about 1’730-1~CO F if suspended in 
air indefiniteiy. This could result ir, melting of FuAl cores (melking 
point - 1220 Fj, but the Zircalcy jackets (melting point - 3314 F) and 
Uo;? cores (melting pcint - 4990 F) would not melt 
would reduce the maximum fvemperature somewnat, but its effect on the inner 
rods of the 19-rod cluster should sot be great enough to prevent nelting 
of PUAl cores. 

Maximum fuel temperatures were calculated for a 

Based 01: free convecticr alone, the highest powered irradiated 

Radiation losses 
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If the fuel element were enclosed in an air-filled thimble, the temperature 
of the air in the thimble would increase, and the effectiveness of free 
convection would decrease greatly. 
duction of heat across fuel rods, air gaps and thimble walls would prob- 
ably be the major heat transfer mechanisms. 
that in this case melting of jackets might occur. 

In such a case, radiation and con- 

Previous calculations indicate 

PRP Pressurizer Low Pressure Trip Limits. 
vide a basis for decreasing the low pressure trips for the PRTR at low 

Calculations were made to pro- 

coolant teqeratures. 
a trip is required could be reduced considerably if so desired. 
example, at a bulk outlet temperature of 500 F, the low pressure trip 
could be set at 860 psig compared to the present requirement of 1005 psig. 

The fundamental basis for the PRTR pressurizer low trip is that no bulk 
boiling be permitted in the reactor. 
which is the element controlling the primary coolant loop system pressure, 
must have a pressure high enough to maintain the pressure everywhere in 
the loop higher than the saturation pressure. 

It was calculated that the low pressure at which 
For 

More specifically, the pressurizer, 

The prcssurizer low trlp of lo05 was based on the saturation pressures 
associated with maxim permitted outlet water temperatures of 542 F 
and 535 F for a tube and for the reactor bulk outlet, respectively. 
pressure provided a 5 F error allowance in the tube outlet and 12 F error 
in the bulk outlet temperatures. 

The 

Since the'time when the pressurizer low trip was calculated, the maximum 
permitted tube outlet and bulk outlet temperatures have been set at 540 
and 530 F, respectively. Furthermore, operating experience to date has 
shown that the tube and bulk outlet temperatures will be significantly 
lower than these maxim. These lower temperatures provide the reactor 
with a larger error allowance in the measurement of temperatures. Al- 

ternately, the lower temperatures could permit a lower pressurizer low 
pressure trip point. 

Plutonium Fuels Development 

Aluminum-Plutonium Fuel Fabrication. One of the two vertical autoclaves 

was put back intc operation the latter part of July after several major 
changes were made in the tenrperature and pressure controls. 
returned into operation: LOO fuel element rods and hardware for 12 clusters 
have been autoclavead 
autoclaving and mst be recycled thrcugh grit blasting, etching and auto- 
claving. This is an uriusilally large number of autoclave rejects and is 
attributed to instrumentation malfunction which caused the autoclave to 
overheat. This condition is being corrected. 

Since it was 

Hcwever, 75 fuel element rods were rejected after 

Four fuel element clilsters have been assembled this month, making a total 
of 41 Class I hbrk I-E clusters fabricated for the PRTR. Seventeen 
plutonium-aluminum alloy cored f,Jel elemer-ts remain to be fabricated as 
replacements for the IDW exposure plutor,ium PRllR spike loading. 
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PR!l!R Aluminum-Plutonium hrel Element Inspection. Three plutonium spike 
fuel elements were scheduled for inspection during the July 2L PRTR outage. 
An elelPent was chosen representing each of the three different types of 
banding methods used oc the Mrk I-H at the present time; i.e., circum- 
Zerential strip band, circumferential wire Sand and spiral wire map. 
,Fuel element number 5075, in addition to using strip bands, has special 
end brackets with large Zircaloy pads to make contact with the process 
tube and test wear rate between fuel element and process tube. This 
element was removed from the reactor to permit borescope inspection of 
the process tube for wear caused by fuel element contact. 
notes were made while inspecting the three elernents ic the PRTR basin with 
an underwater periscope i 

Fuel Element Number 5063. 
rebanding operation in the PRTR basin showed no change. 
under the original bands also showed no change. 
corrosion and the safety pin was in place. All wire and pin welds showed 
no white corrosion prsduct. 
the process tube shcwed no wear and were covered vitl?. black oxide. 

The following 

All three wire bands put cn during the remote 

,Xanger gin was clear of 

- - 
Corrosion pits 

"he top end bracket pssets which ccnzact 

Fuel Element Number 5024, This element used the spiral wire wrap banding 
method which seemed tight and in god condition. 
were visible on the wire wrap. 
ring around the outer heat affected zme. 

- - 
No mars or scratches 

Some wire welds showed a slight wnite 

Fuel Element Number 5075. This element had the sxrip type bands which are 
put into the reactor unautoclaved. The bands were irs excellent condition, 
no mars or scratches. The element evidently had not operated long enough 
to form the black zirconium oxide because interference colors were visible. 
All spot -Jelds were wliite indicating welding trouble. 
were black and showed no signs of wear. 

- - 

End bracket pads 

In general, all the fuel elements inspected in July looked veq good with 

the one exception of Sad spot welds. 
cation using end bracket pads. The cause of the poor weld quality was 
traced to a bad bottle Jf argon shielding gas, hence, me fud -1ement 
was affected. 
gas used in wire wrapping ad assembly weldicg by Uing four sample welds 
on a test specimen from each new bottle of gas. The test pieces are auto: 
claved and iaspected jefore tne bottle is released L'or use, 

This element was a special fabri- 

A new procedure calls for testbg each new bottle of argon 

On August 11, fuel eiemect number 5074, wire type ixads, was examined at 
the request of PRTR OperatLons. 
drop increase was observed in the process tube contaicing 507k. Nothing 
was found which would explair, -&e increased pressure drop; however, the 
wire wraps of the outer- iuel elemerit rods vc1'z quit2 loose %e three wire 
bands were tight and tlie ge,-,eral ccncltion ol t.12 cluster was good; however, 
a l/8-inch gay, csuid be seer, bef,wesn Lie spacin; wire and the fzel rods in 
several places, 
the PRTR basin. 

The reactor was shJt dorm after a pressure 

@. Awst 16 axid l-: txce ?:e1 elements riere inspected in 
JIctber SOL6 wire ;>-pe bands, shcwed lcose spacing wires 
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a meximum gap of 1/16-inch between wire and fuel rod on all outer rods. 
The three wire bands were tight and other parts of the cluster were in 
good condition. 

The next two fuel elements had been examined in July as reported earlier. 
Number 5075, which has strip bands, was unchanged. 
and the white corrosion product on the spot welds had not changed. 
Nuniber 5024, which used the spiral wire wrap around the cluster, now 
shared a loosening of spacing wires on the individual fuel element rods. 
The gap between the rod and wire appeared to be less than 1/16-in~h; 
however, the wire did not appear loose the full length of the rod. 
spiral wire wrap around the entire element was tight and in god condition. 

All wires were tight 

The 

No conclusions concerning the cause of the wire loosening have been made 
at this time due to the complexity of the problem and the limited data 
available. Preliminary calculations show the wires should tighten when 
operation temperatures are reached. Several elements will be examined 
at the next scheduled PRTR outage. 

U@-Pu@ PKPR Fuel Elemnt Development. 
developed as a technique for accurately controlling the plutonium dis- 
tribution along the length of U@-PuQ type fuel elemxts. A manual 
powder loading machine was purchased to obtain the accurate increments 
required in the process. Test results indicated that the reproducibility 
of the increments delivered by the machine were within the desired toler- 
ance limits. The machine was adapted for glovebox use by the addition of 
a filtering system. 
the unit as shown below: 

Incremental loading is being 

The filter adaption did not affect the accuracy of 

Increment Size Standard Deviation 

13-17 g (-20 mesh UCQ) 1*5$ 

Comparable data for U@-Pu@ mixtures will now be obtained. 

An additional test was performed to determine the variation of -325 mesh 
particles along the length of an element. 
remove the -325 mesh material, leaving a coarse fraction of -20 mesh to 
+325 mesh particles. Using the loading mchine, a 15-gram increment of 
the coarse fraction and a 2-gram increment of the -325 mesh material 
were taken, mixed, and loaded in a tube. This operation was repeated 
until 100 increments of each size had been loaded. The tube was then 
vibrated for 20 seconds on a shaking table to consolidate the particles. 
The tube was then sectioned into five segments; the longitudinal variation 
being determined by screen analysis. 

Fused U@ was screened to 
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Results of this test are shown below: 

$ -325 ksh Absolute Deviation $ Deviation from 
Sect ion in Segment from Mean Composition Mean Composition 

14.6 

13.4 
14.0 

13.8 

- 13.3 

+ 0.8 
0.0 

- 0.4 
+ 0.2 
- 0.5 

+ 5.8 
0 

- 2.9 
+ 1.5 
- 3.6 

The over-all percent deviation from the mean composition was 9.4% for the 
incrementally loaded tube, as contrasted to over-all dmiations of 67% 
and 97% for the first.tubes loaded with prc-mixed oxides, 

Design work is under way on a glovebox extension which will provide hood 
space for both the incremental loaciing and the decontamination of fuei 
elements . 

Internal cracking has been observed in the Zircaloy cladding of several 
cold swaged test pieces. Destmctive and nonaestmctive examination of 
the cladding is in progress- 

Work is progressing on determining the quantity and identity of gases 
contained in the arc-fused U@ feed material. The gas evolution apparatus 
was calibrated. It is capable of accurately measuring an evolution of 
0.2 cubic centimeter 02 gas at standard temperature and pressure. Cali- 
bration specimens have been heated to approximately 1100 C. 
near 2000 C are expected with redesign of the induction coil and susceptor. 
An optical pyromzer corrected for emissivity and absorption in the inter- 
vening materials is being used to meas-uc temperatures. An autoutic two- 

color pyrometer will be utilized e2-entually. 

Temperatures 

Fuel Evaluation. 
the M2R. 
four are high-density (90 percent of theoretical) specimens. 
density sample (GEH-14-86) was discharged during the month at the MCR 
Cycle 160 shutdown. This capsule was inadvertently inserted into the 
position which was scheduled for GEX-14-68, a low-density specimen. As 
a result the capsule was irradiated in a mxim thermal flux Oi' 0.57 x 
1014 nv whicn was approximately twice the maximum flu reqiested for the 
eqcriment, 0.32 :L 1014 nv. This mans the maximum specific powzr would 
have been on the order of 34 iw/ft and the s-uface heat flu on the order 
of 780,000 Btu/hr-sq ft., The specimen vas examined in the basin at the 
ML?I and was found to be discolored and somewhat corroded. This U@ - 
4.13 a/o At@ specimn :as acc1milatzd the requestad exposure (approxi- 
mately 10,000 WD/T) ana is being transferred to WO Cor examination. 

Ten UOpPu@ capsules are presently being irradiated in 
Six are low-density (65 percent cf theoretical) specimens and 

One high- 
- 

I230 I hb 
UNCLASSIFIED 



UNCLASSIFIED A-27 Hw-70872 

A prototypical, nonuniformly enriched, incrementally loaded fuel rod 
was fabricated by cold swaging. 
63 Are;! increments. 
uniform parer generation in the ETR. 
to obtain analytical samples. 

This element contained 63 U@ and 
The fuel distribution pattern was calculated for 

After swaging, the rod was cut 

Phoenix Experiment. 
the Phoenix capsules have been completed in the Advanced Reactivity ka- 
surement Facility (ARMF). 
specimen in the MllR would commence during Cycle 161. 
posed high heat fluxes on the samples, (about 1,000,000 Btu/hr-ftz), the 
MI23 Reactor Safeguards Committee decided that a hot-spot hot-channel 
analysis was required. 
until Cycle 162, which commences on September 5. 

Pre-irradiation reactivity calibration measurements on 

It was anticipated that irradiation of the first 
Because of the pro- 

This will delay insertion of the first sample 

An ARMF calibration standard will be made for determining the amount of 
shift in the neutron energy spectrum due to the presence of the samples 
in the central measuring position. 
foils which can be removed for counting. 

The sample will incorporate activation 

Euratom Fuel Loading. 
completed and shipped. 
approximately 0.373-inch diameter, 0.522-inch long. 
Zircaloy with an'internal inconel spring assembly. 
the bottom end caps was modified to accommodate a fillet head weld. 
change was necessary to reduce the possibility of heat affecting the 
inconel spring. 
the fillet head welds and circumferential butt welds. 

The pellets averaged 94 percent theoretical density. 
1.46 weight percent KO;! which was well within the specified concentration 
limits. 
in the following table. 

Sixteen of the Euratom test fuel rods have been 
These each contain 18 pressed and sintered pellets 

They are clad in 
The joint design on 

This 

X-ray inspection shows excellent.weld quality in both 

Analysis showed a 

The average O/U ratio was 2.019. The isotopic analysis is shown 

Euratom Isotopic Analysis 

Isotope Atom Percent 

239 79 9 863 

241 2.983 t 0.010 
240 17.099 f 0.036 

242 0.0553 f 0.0002 

The final five rods for this loading will be completed within a week, 
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UCQ Fuel Development 

PR!l"R Fuel Elements. 
during a reactor outage. Both fuel elements were representative of the 
Uo;! elenrents generating the greatest surface heat flux and both were in 
excellent condition. There was no evidence of wire wrap loosening, 
corrosion, crud build-up, or surface damage. 

Two PRTR l9-rod cluster fuel elements were inspected 

A vibrationally compacted Msrk 11-C nested tubular fuzl element is 
scheduled for charging after the next outage. This fuel element contains - 19% more U@ than a conventional 19-rod cluster fuel element. 

Hot Swaginn. 
Additional rods are awaiting hot swaging. The fuel rods Kill be assembled 
into 19-rod clusters for the FWYf and for PRCF experiments. 
swaging conditions to achieve maxinun density were established as 650- 
TOO C, with a Teed rate of two feet per minute. 
under these conditions consistently yield densities of -92$. 

Micronized U@ which was vacuum outgassed at 800 C for 24 hours was 
successfully hot swaged. 
were encountered during heating of the loaded fuel rods to 800 C prior 
to swaging. 
are the result of low tapped densities (30-355 T.D.) and insufficient 
reduction of cross sectional. area. 

Eighty 8-foot long Zircaloy clad fuel rods were hot swaged. 

Optimum hot 

Fuel rods fabricated 

No fuel rod internal gas prsssure problems 

Low hot swaged densities (65-70$ T.D.) which were obtained, 

me reduction necessary to achieve maximum fuel density in a 1.25 inch OD, 
0.035-inch wall stainless steel tube loaded with FUR-grade Uo;! (tapped 
density, 49s T.D.) is being investigated. 
original f'uel rod cross sectioral area by cold swaging produced a bulk U@ 
swaged density of 7046 T.D. The stainless steel cladding thickness was 
decreased by only 0.005 inch. 
cross sectional area, by hot swaging is planned. The amount of residual 
cold work L? the stainless steel clacdiw ax'ter various reductions by 
cold and hot swaging will be determined by harciness measurements. 

A reduction or' 66s of the 

Further redluc3ion to 15% of the original 

Fused Uo;?. Vacuum outgassing of samples of UO2 used in PRTX fuel 
elements demonstrated that the volume of gas released at 1000 C is 
insufficient to cause excessive iatercal pressure in PRTR fuel rods, 

The reduction in U@ particle size during swaging results in a greater 
volume of gas being extracted from swaged than from unswaged samples. 
The effect of exposure of unswaged samples of -20 mesh particle size 
to air does not appear to be significant, but considerably more gas is 
released from swaged samples exposed tc air far locg periods than from 
sealed swaged samples. 

A similar effect is eqected wizh other U02 samples of small particle 
size., For example, -100 mesh UQ (before swagir-g) groba'cly absorbed 
a large portion of the extracted gas &fling the two years ox' exposure 
to air3 
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Electrodeposited U@. Electrodeposited Uo;1 from a 29-lb batch prepared 
by Chemical Ebgineering Development was crushed to pass a 6-mesh screen 
and annealed in hydrogen at 1700 C for 12 hours. 
the material after annealing was 10.82 g/cc (98.6% T.D.) as determined 
by mercury displacement. 
for vibrational compaction. 
was 55% (-6 +lo), 12.54 (-10 +20), 12.5 (-35 +65), and 20% (-200) mesh. 
The average bulk density of the U@ vibrationally compacted in a 0.505 ID 
Zircaloy tube was 89.3% T.D. (90.6% compaction efficiency). 

Results obtained with this material further illustrate effects observed 
using fused U@; viz., that the topological characteristics of the 
material (particularly in the coarse fraction) significantly affect the 
compaction efficiency that can be achieved, independent of the particle 
density as determined by fluid displacement. ktallographic examination 
of representative particles of the electrodeposited U@ showed that some 
particles have highly irregular surfaces, with open voids that can 
apparently be penetrated by water, mercury, arid other fluids, but not by 
fine particles of UQ. 

Recent modifications of the "Salt Cycle" process have produced relatively 
large crystals with low surface areas. 
compaction efficiencies ( > 93$) that can be achieved using UQ prepared 
by high-energy forming or in some cases by fusion. 
100 pounds of U@ are being produced in a single cycle. 

Corrosion and Materials Studies 

High-Temperature Oxidation Behavior of Zircaloy-2 
oxidation kinetics of Lot 1021 Zircaloy-2 have been determined in both 
dried commercial @ (at 50 mm Hg pressure) and H20 vapor (at 26 mn Hg 
pressure), in the temperature range 500 to 900 C. 
mosphere in each run were heat;ed from room temperature to test temperature 
simultaneously in a preheated furnace. 
time when the first weight gain was recorded; this occurred when the 
specimen attained 500 C (approximately)o 
test temperature withic three or four minutes cf "zero time". 
the test conditions are important, as there are indications that seemingly 
minor variances in procedure can lead to widely differing results. 

The pre-breakaway oxidation of Zircaloy-2 in @ or H20 vapor in the 
temperature range of TOO to 900 C more closely approximates a parabolic 
rather than the cubic rate law characteristic of Zircaloy oxidation in 
oxygen and steam in the lower range of 300 to 400 C. 
temperature range, the high-temperature oxidation of Zircaloy-2 in @ 
coru'irms to the rate law: 

The particle density of 

A representative sample was screened and blended 
The particle size distribution of the mixture 

This material promotes the high 

Deposits'of more than 

The high-temperature 

The specimen and at- 

Zero time was taken as being that 

The specimn attained any given 
Details of 

In the higher 

7 -27,800 
RT 

~1.7 = 3.44 x 10 exp 

where W = 
t= 
R= 
T= 

wt. gain, mg/cG 
time in minutes 
gas constant cal/CK-gm-mole 
absolut? t,?mperat.dre 
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"he high temperature oxidat ion of 

$025 = 1.32 x 

Zircaloy-2 in H20 vapor is given by: 

-44,300 101~ exp 
RT 

Both rates more closely approximate a parabolic than the cubic rate law 
which is characteristic of Zircaloy oxidation in oxygen and steam in the 
range 300 to 400 C. 

In general, above TOO C the initial (pre-breakaway) oxidation in water 
vapor is more extensive than in oxygen for my given time and temperature. 
Below TOO C oxidation in oxygen is more extensive. 

Oxidation kinetics at TOO C and 800 C in water vapor using a sample 
brought to temperature in vacuo before admissiori of the water vapor con- 
form closely to a cubic, rather than a parabolic rate law, even for long 
exposures. 
law (parabolic.). 

- 

At 600 C, the two experimental techniques yield the same rate 

Zircaloy Breakaway Corrosion Phenomena. The cyclic oxidation behavior of 
Zircaloy observed in the above high temperature 'oxidation studies in 
either water vapor or @ is not as regular and clearly defined as that 
observed at lower temperatures (360 to 400 C). 
shows at least one well defined cycle; oxidation in water vapor may or 
may not depending on the test temperature. 

Oxidation in oxygen always 

The time required to end the first cycle in % oxidation in the range 625 
to 900 C is given by: 

log t (min) = 3.96 x 10-3 T (OC) + 4.4. 

As the temperature is increased, the cycle time decreases., 

When water vapor is the oxidant, the cycle time decreases with increasing 
temperature to 750 C. 
creases. For example, with water 3s the oxidant, at 900 C no breakaway 
was observed at 1500 min, while at 750 C breakaway occurred at 90 minutes, 
Though the pre-breakaway oxidation in water vapor is more extensive than 
in oxygen, the earlier breakaway in oxygen makes the over-all oxidation 
more severe. 

At temperatures of 775 C and above the time in- 

Specimens oxidized in H20 vapor retairr the black oxide filmwith some 
lightening in color if a breakaway effect is observed. For example, 
after 1500 minutes at 900 C, the sample exhibited a black oxide film 
even though spalling (at the edges) had occurred. Specimens oxidized in 

.oxygen rapidly develop a beige oxide layer, 

Corrosion of Stainless Steels in %percritical Water, 
304, 406, 430, and 446 stainless steel along with ASTM grade 2l2B carbon 
steel have been corrosion tested in the new supercritical auzoclave 
facility at 550 C and 1000 psi for 30 days. 
this test was presented in the Jme monthly report. 

Samples of Ty-pes 

Preliminary information on 
At that time it was 
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sham that alloys which contained a higher percentage of chromium had 
lmer corrosion rates. 
stantiated the previous results. The 406 stainless steel alloy with 
13s chromium shows a penetration of 0.36 mil, compared with 0.01 mil 
for 446 stainless steel with 27% chromium. 
steels shmed penetrations of 0.29 and 0.31 mil, respectively. 
ASTM grade 212B was penetrated 1.5 mils. 

The present 30-day corrosion data have sub- 

The 304 and 430 stainless 
The 

With the exception of the ASTM grade 212B carbon steel, the alloys 
appear to be corroding at a rate which is proportional to the log of 
time. That is: 

Corrosion = kl log t + k2 
(mils) (days 1 

where k-~. is the slope and k2 is the intercept. 
mined for the 406, 304, 430 stainless steel alloys are similar: 0.18, 
0.18, and 0.1g9 respectively. 
stainless steel reported by Wig for a 300-day test in 595 C steam, a 
value of 0.19 for kl is obtained, which is consistent with the small 
temperature dependence reported for stainless steel in this temperature 
range. 

The values of k1 deter- 

By plotting corrosion data for an 18-8 

Corrosion of Copper and Silver in pH 10 Water. Four samples of copper 
and two samples of silver have been corrosion-tested in 275 C pH 10 
deoxygenated water because of possible interest in such materials for 
fuel support surfaces. 
water was deo,xygenated by stainless steel wool attached to the sample 
holder. After 720 hours in test,? none of the samples showed any mea- 
surable weight change, 
the silver shared no visual indication of any effect of the corroding 
medium. 

The pH adjustment was made with LiOH and the 

The copper samples were slightly darkened, but 

PRTR Process Tube Monitoring. The gas annuli for 82 tube positions in 
the reactor were measured in. December i960, and the remaining three in 
February 1961 as part of the PRTR tube monitoring program. Since then, 
only selected tubes have been measured as fuel elements were removed as 
part of the normal PRTR operating schedule, !These gas annuli measure- 
ments shared only tube No. 1857 to have a gas annulus less than the 
minimum value calculated from pre-installatfon measurements. Analysis 
of the monitoring data yields the conclusion that t,he calandria is moving 
slightly with respect to the process txbes, In the case of tube 1857, 
with its built-in reduced sgacing, the motion is sufficient to produce 
an annular spacing that varies frcm essentially 0 to 100 mils. 

A borescope examination was also made in a PRTR process tube after it 
had been operated with a hr-Al fuel element on which the width of the 
end support brackets had been increased from tile normal 1/16-inch to 
l/b-inch. 
rapidly to permit close inspection, analysis of the kinescope recorded 

Although the rLonradiatlon-resistant lenses darkened too 
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film indicated: (i) no apparent change in the original localized cor- 
rosion marks at the top fuel element end bracket! and (2) a new set of 
localized corrosion marks about three inches lower and having the same 
general appearance as the original marks. 
could be made because of lack of detail. 
with radiation-resistant lenses for the next examination. 

No estimate of penetration 
The borescope has been equipped 

Final drawings of the "(3nriiscope" type borescope having 180° hemispherical 
viewing have been approved. Delivery is scheduled for the first part of 
October. Drawings for the instrument probe insertion assembly for use 
with highly irradiated process txbes have been completed, and the purchase 
requisition has been forwarded to Purchasing for bid invitations. 

Pre- and Post-Irradiation Evaluation 01 PRTR Process Tubes. Destructive 
testing and examination are continuing on PRTR tube No. 1154, which was 
removed from the reactor in July. Three areas of accelerated localized 
corrosion at points where the fael element end bracket supports contacted 
the tube wall were replicated. The two areas at the lower end bracket 
were 120 degrees apart and measured 3/32 inch xide by 5/8 inch long and 
4 to 5 mils deep. The section containing these two corroded areas was 
burst at room temperature. The burst pressure was 7450 psi.. Inspection 
of the burst section indicated the rupture originated 5 to 6 inches away 
fromthe corroded areas and the crack passed midway between them. 

The third replica of a corroded area at the top fuel element end bracket 
support measured 1/16 inch x 1/2 inch, and between 2 and 3 mils deep. 
Metallographic examination at this area confirmed the depth of penetra- 
tion and exposed a layer of massive hydrides directly below the corrosi -L 

mark. 
diffusion of the hydrides into the adjacent metal. 

. 

This hydride layer was 2-1/2 mils deep, but exhibited very littlt 

The 33 PRTR replacement tubes have been ultrasonically tested for longi- 
tudinal and transverse cracks, and dye-penetrant tested on the inner and 
outer surfaces. 
now being conditioned out. 

Numerous dye penetrant indications were found and are 

One tube was found to have a minimum wall thickness of 0.143 inch which 
is 0.013 inch under the specification of 0.156 inch. 
covers an area approximately circular in shape and 1/2 inch in diameter. 
me tube that had a dye penetrant indication on the outer su-face was 

being condi%ior,cd to rbmo've the defect when a longitudinal C~CY was 
exposed beneath the smali iudicstior?. Ten mils were removed from the 
tube wall without reaching the bottam of the crack which has a length 
of two inches. Three tubes have passed all testiag and are ready for 
autoclaving 

The thin wall - 

PIiTR Sheath Tubes. 
evaluate the efr'ects of hign amounts of cold reduction and low tempera- 
ture annealing ir, producirLg an ultra-fine grain size in sheath tabing 
is completed. ad the 50 resiLtmg 0,680 inch ID tubes have been re- 
ceived. 

The development contract witn lieactive ktals to 

Metallograghlc sampies are being prepare6 , but results are not 
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12 inches upstream and damstream from the defect (RM-618). Dimensional 
changes in GEE-14-46, a 15 W/O Pu - 12 w/o Si-u alloy capsule, were 
slight during irradiatian, and no bonding occurred between the fuel core 
and the Zr-2 cladding (RM-671.). 

The 3O-mil ring of enriched uranium in Basic Swelling Studies samples 
?ram GEB-14, 281 and 282 showed considerable evidence of swelling in its 
scalloped appearance. The growth was only in the axial direction as the 
copper cladding apparently restrained radial growth. 
cained for electron microscope (RM-513). 

Replicas were ob- 

Further details and interpretations of the above firdings .will be reported 
in connection with the development programs served. 

2. PL~CERAMTCSRESEARCH 

Plutanium-3ranium Carbides 

The cqosition/lattice spacing curves of PuC-UC alloys have recently 
been determined via back reflecticn x-ray techniques. Powdered uranium 
carbide containing 5G.2 a/o C was mixed with Pu and C powders, pelletized, 
and arc-melted three times. Two sets 0; alloys were made up - one con- 
taining 46.5 a/o C and the other 44 a/o C ic the PuC phase. Lattice 
parameters of arc-melted material izdicated a maximan at 15 a/'. UC and 
thereafter a gradual decrease to 4.959 8.1;. for pure UC. Annealing at 
1450 C in vacuum resulted i3 lower values for -,he carbon-ricn PuC-'JC alloys 
but still a maximum at 15 a/o UC. The carbon deficient PuC-UC alloys, on 
the other hand, ahi'aited a uniform decrease in lattice spacing from pure 
FuC to PuC - 60 a/o UC, while from :his composition to pure UC they were 
constant at 4.959 A. 
U, and C analyses have not been made; neverzneless, the data support 
earlier spec-iLatlon on the existence or' a sclusility Sand of PUC-UC solid 
solutions due to the defect nature oi' :he hdi-cidual carbide stmc:a-es. 

. 

The above data are ~reliminary because actxal Pu, 

A cylinder of pure piutoni'm monocarbide was arc-cast. Resistivity and 
bulk thermal expansion measurements will be performed after it has been 
ground to size. It is presently plamed, after a series of suitable 
calibrations, to apply the Wieaemrin-Fmz Law to the resistivity of PuC 
in an effort to predict its thermal cmductivit-;. 

Additional efforts to obtair; tise zeta phase, PU3C2) via Low temperature 
anneals have proved msuccessfui, and it is cedent that metallographic 
observations are necessary. The recent initiation of high temperature 
x-ray diffraction equipment should also aid identification of this 
elusive phase a 

Plutonium Oxides 

A five-gram pellet of plutonium dioxide was melted in a tungsten c,rucibie 
in an argon atmosphere in order to obtain data OL Pu2r)3+,(?~Q,&). 
sample was quenched frcm The melt ar-d cn zxaminatioL was found to be 

The 
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extremely porous, presumably due to oxygen evolution. 
parameter, 5.406 a.u., was slightly expanded and the O/Pu was 1.70, 
both indicative of an wjgen excess over the normal nelted composition. 
The structure was fluorite, however, with no indication of the type A 
or C rare earth suboxide phase. 
analyses are presently being performed in order to define the relation 
between the oxygen deficient plutonium oxide and the thermal expansion 
hysteresis seen at 650 C. 
patterns have been obtained in vacuum at temperatures to 550 C. 
sample is bound to a platinum resistance filament with an inorganic 
binder. 

The lattice 

High temperature x-ray diffraction 

Thus far, two excellent x-ray diffractometer 
The 

Tungsten has worked quite well as an internal standard. 

Plutonium Silicides 

A stoichiometric mixture of PUO;! and Sic was heated in a vacuum resistance 
funace in an attempt to form Pu2Si3. 
product consists of Pu2Si3 plus an -own phase. Chemical analysis shows 
that an excess of silicon is present. 
second phase is another Pu-Si compound since x-ray diffraction reveals 
no Si, Si@, Sic, PuC, or Pu@. The melting point and density will be 
determined. 

X-ray diffraction indicates the 

It seem reasonable that this 

Several arc-Elting experiments were performed in an effort to form a 
single-phase plutonium silicide e 

indicate in each case, a loss of either plutonium or silicon. In one 
case, Si and alpha-Pu powders were blended for 16 hours prior to compaction 
into cylindrical pellets. 
actants were mixed in a 85/15 w/o Pu-Si ratio. 
indicates the product is largely PuSi2. 
tion data card for PuSi2 is good. 
reflections which have yet to be indexed. 
tetragonal and is isomorphous with Thsi2. 
during the next reporting period as well as density and melting point 
determinations 

Chemical analyses of the prodccts 

Since Pu2Si3 was the desired product, the re- 
X-ray diffraction analysis 

Agreement with the ASTM diffrac- 

The compound is body-centered 
Chemical analysis will be run 

There are, however, a few additional 

Thermal Ehf and ELectrical Resistivity 

The apparatus for llleasuring thermal emfus and electrical resistivity have 
been completed and placed in operation. Thermal emf's have been measured 
on four different Pu-0 compositions with the following results: 

25 W/OC 
60 MV/OC 

(1) Pu%JoOO 
(2) Puq.97 
(3) PUq.92 10 Mvpc 
(4) m?L.85 8000 W/OC 

With the exception of pUqe92, the data fit a semi-logarithmic plot quite 
well. 
account in part for the anomolous results obtained from Puq 

oxygen deficient compound. 

All of these' samples contained considerable impurities and may 

The sign 
of the emf was also opposite fromthat expected, based on an 2 ysis of an 
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mectrical resistivity masurements have been made on 50 w/o U@ - 
50 w/o Pu% and Pu% which indicate intrinsic activation energies of 
about 0.90 eV and 1.75 eV, respectively. This should also vary with 
comosition and may be used to detect phase changes in this system. 

PuC&-Zr@ and PuCQ-MgO Irradiations 

Zircaloy-clad capsules containing fuel mixtures of Pu@-m and PuOpMgO 
are being prepared for irradiation testing b the MITR. Eight capsules of’ 

each fuel material. will be irradiated. Five sintered and ground pellets 
are contained in each sample. The effects 02 plutonium concentration, 
center core temperature, and exposure will be investigated. It will be 
possible to compare the effects of irradiation on the two different fuel 
materials because they will both have the same number of fissionable atoms 
per cubic centimeter and the irradiation temperatures will be comparable. 
The sqle compositions will be zro;! with one and five mole percent PuQ 
and e0 with 0.45 and 2.26 mole percent Pu@. 

The Pu%-Zr% powders have been blended and pressed into pellets usi..lg 
3 w/o carbowax as a binder. 
indicate good mixing of the plutonium. Qle of the Zro-, - 5 m/o Puo;! 
pellets was sintered in hydrogen at 1525 C for four hours. It had a 
higher density than was obtained during previous work using a 20-hour 
sinter in a helium atmosphere. 

Analytical results on the 5 m/o Puo;! material 

The Pu%-MgO powders have been blended by ball milling for 72 hours. The 
&O is hydroscopic making it necessary to dry the powder before it can be 
used. Two NO - 0.45 m/o pellets were sintered in hydrogen at 1525 C for 
four hours to a density of 90 percent of theoretical. 

Two defected Zircaloy-clad capsules containing pure MgO pellets were ex- 
posed to 300 C water in a static autoclave for 24 hours. 
were observed as a result of increased moisture content; however, no 
swelling or distortion of the capsules was observed. 

Weight gains 

In-Reactor Sintering Studies 

The fabrication of the fliel core pellets for the in-reactor sintering 
studies on U@-Pu@ and the direct compariscn 01’ The radiation behavior 
of UQ-PuQ and ersiched UQ has been temporarily delayed, The initial 
lot of pellets was reje,Aed because of laminations. Fabrication 01’ the 
second lot is bei-ng stalled because of a breakdown of the hydrogen 
sintering furnace. 
31, and 32, are now GEa-21-13, 14, 15, and 16, and are currerztly being 
considered fcr hEI7 Cycle 163 insertion (Sapt. 25, 1961). 

The capsules, originally identified. BS GER-14-29, 30, 
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3. U@ FUELS RESEARCH 

Fission Product Migration 

Radiochemical analyses have confirmed the extensive relocation of 
fission products in irradiated Uo;! fuel elements as earlier revealed 
by autoradiographic techniques which were previously reported. 
Similar evidence of non-uniform location of plutonium was obtained. 
Continued study is expected to provide data that will better relate 
changes in basic properties (melting point, thermal conductivity, 
etc.) of U% to irradiation history and that vi11 permit upward re- 
valuation of limits iqosed on the use of U@ fuel by accumulation 
of fission fragments. 

Electron Microscopy 

Ekamination of the 1/2 inch diameter irradiated U@ test element 
GEH-14-189, continued. 
to allow positive identification and examination of each zone across 
a radius 02 the surface replica. 
across and must be separated prior to electron microscope examination 
to assure area identification and correlation with light micrographs. 

Preparations were made for evaluaticm of an Image Orthicon television 
system as ar; aid in electron microscopy. 
at a vendor's laboratory under simulated microscope conditions of low 
image intensity and contrast. 
transferring the image sisal from microscope totelevision sensing 
el.?&nt are being considered. 

Skills and techniques are being developed 

Zones are about 1/6" or less 

Tests are to be conducted 

Several physical arrangements for 

Tneiml and Ehctrical Conductivity 

Curves for most of the conductivity measurements of the BMI/HLO co- 
operative program have been prepared. 
being determined for all samples. 
e 2.002 for five non-irradiated sampies. 
samples are also in the range, O/TJ ratio can be elimiEated as a 
factor in interpreting conductivity measurements. 
of samples used in the irradiated series are being studied. 
lation and comparison are difficult because several different methods 
were used for sur5'ace preparation of the various samples, prior to 
microscopy . 

Cbcygen/uranium ratios are 
Data receit-ed thus far show O/U 

If values for all other 

Microstructures 

L 

Corre- 

Mat e r i als 

Fused U@. 'm OS 1.93 - 1.97. 
U metal in the U@. 
material does not release significant quantities af gas when heated to 
1000 C for 15 minutes. A volume of 0.09 zc of' gas per gram of Uo;! was 
collected. 

A shipment of fused U02 was received which has an average 
The low O/U ratio is caused by inclusions of 

Vacuum gas exzraction analysis shows that the 

The mterial will be used for determining the effects of 
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U metal inclusions on the in-reactor behavior of the UQ. 
specifications for fused U@ can be relaxed to permit some U inclusions, 
the cost of preparing fused Uo;! will probably be further reduced. 

If current 

Electrodeposited Uo;!. 
was received from the Chemical. mineering Development Operation. The 
material was deposited from a KCl-PbCl2 system in a single operation, 
using recently enlarged facilities. 
sdted in an electrode deposit of greater than 100 pounds of U%. 
individual cyrstals are much larger than those previously available, 
which were deposited from a KC1-NaC1 system, and are being prepared for 
fundamental stadies. 

A 60-pound batch of electrodeposited Uo;1 crystals 

A subsequent electrodeposition re- 
The 

Uranium-Oxygen Phase Studies 

Attempts to retain homogeneous UQ-x at room temperature have been 
moderately successful. 
positions in a 95% dense pressed and sintered pellet having an O/U ratio 
of.2.001. 
20 seconds ana immediately quenched to room temperature. 
atmosphere was helium containing 0.002f~ 02. 
ments before and &ter heating showed a decrease in O/U ratio to 1.997 
2 0.002 in the annealed specimens. This departure from stoichiometry, 
while too small to be conclusive, indicates the existence 01' homogeneous 
Uo;l-x at 2700 C. 

Disks 5/8" x 1/16'' were cut from adjacent 

These specimens were heated to 2700 C * 500 in apprcximately 

Lattice parameter measure- 
The furnace 

High Energy Imp act Formed Uo;! 

Metallographic examination of high energy impact formed UQ samples com- 
pacted in air at 1000-1200 C and heat treated af'ter compaction revealed 
that air trapped in the Uo;1 powder caused the Illaterial to swell on heating 
to 1300 C in hydrogen or helium. 
gas pressure were concentrated at the center of the speciEns in some 
cases, indicating that some 01' the air escaped from the 'JCQ near the 
surfaces of the particles, 
the UC& was heated at the rate of 200 C/hou.r, 
resulted when the heating rate was 100 C/hour. 
by excess oxygen in the Uo;!. The samples were made stcichionetric by 
hydrogen reduction at 800 C before heating to the higher temperature. 
The reduction treatmect did not change the density of the U@ significantly 
A sample 02 U0;?.~4 reduced Fnth hydroger, at 800 C became stoichiometric 
when neated us helium at 200 C/tour to l3OC C, and its density decreased 
from 98.5 to 915 T.D. Specimens compacted is vacuum did not decrease in 
density when neated to 1300 C. 

Voids formed in the U@ by the internal 

Density decreased from 98.5 to 923 T.D., when 
A fbal density of 96% T.D. 

Swellixg was not caused 
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4. BASIC SWELLING PROGRAM 

Irradiation Program 

The irradiation of general swellbg capsules fi and 8, each containing 
three, axially split, hcllow uracium cylinders, is continuing at constant 
temperatures of 525 and 575 C, respectively. 
received about 6~$ of their goal exposure. 
tory capsules is continuing, duplicatirig the temperatures of the in- 
reactor capsules as nearly as gossible. 
pletely assembled ad are being bench tested. 
circuit between the heater lead arrd the sheath, Unless This cm be re- 
paired, this capsule will not be operated as a constant tempersture 
capsule. However, with but a very mizor ncdification it can be used to 
provide a much needed camparison between constan$ and cyclic temperature 
irradiations Caps-des #12 and 13 were si;ccessfully becch tested. 

These capsules have now 
The annealing of the labora- 

Capsules #10 and 14 are now com- 
Capsule #10 shows an open 

Four unmonitored NaK-filled capsules each containing six cylindrical U-U 
diffusion specimens have been prepared fGr irradiation. 
sealed in purified helium. 
sufficient number of specimens for various post-irradiati’m annealing 
studies. Fission gas diffusion from an enriched uranium shell into a 
rPetallurgically bonded depleted uraniun core will be studied by metallo- 
graphic techniques. 

These were 
It is irtended that these capsules supply a 

Post-Irradiation Examioation 

A solid cylindrical specixzen of uranium, GEH-14-36, which Xad been ir- 
radiated unrestrained in NaK at { 200 C to a 3mup of 0.26 a/o has been 
annealed at 600 C for one hour. Tne specimen is currently being polished 
for subsequent etchirig and metallography. TTie porosity ir, this specimen 
will be compared with that present in similazly annealed uranium irradiated 
to 0.29 a/o but at higner tarperatures and in a restrained state. 
annealed specimen will also have its density determined and be examined 
for crack formation as a consequecce of tne annesling treatment. 

The 

Electron micrographs have been prepared of zanium specimens irradiated 
at controlled temperatures of 615 and 575 C tc a burnup of 6.28 a/o, 
at 575 a~d 550 C tc a Sump cf O.Cg a/@, arid at 330 and 260 C to a burnup 
of 0.03 a/o. With the exception of the latter specimens, porosity was 
observed in all cases. Select specimers were araealed at 615 C and 575 Cs 
respectively, for 100 hours ana are being reprocessed for hardness measure- 
ment, density, and metdiography. The specimec irradiated at 575 C to a 
burnup of 0.05 a/o and thermally annealed at 575 C for 100 hours slowed 
no change in micrstmcture from the original stmczure. 
this specimen was extremely heterogmeous - no fine porosity, oriy clusters 
of relatively large pores, approximately 0.4 microri in diameter, with 
large distances between :lusters. Micrographs 21’ ali of the specimens 
are being accWated for dekerminarion of pore size-frequency relationships, 

The porosity in 
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Efforts are contbuing to determine the mobility of inert fission gases 
in uranium. The "glow discharge" release work has been temporarily 
interrupted to redesign some of the equiprPent, but the feasibility study 
of U-U diffusion couples that have a large concentration of fission 
products in one-half of the couple is continuing. Two unmonitored NaK- 
filled capsules, GEE-14-281 and 282, each containing a precharacterized 
U-U diffusion specimen have been opened. 
graphed and the precharacterized surfaces replicated as irradiated and 
after re-etching. 
burnup (nominal in the enriched shell) has resalted in relatively no 
change in the central 0.15 a/o U-235 core, but considerable change in the 
3 a/o U-235 shell. In the enriched shell of uraaiurc deformation has been 
so extensive that none of the Icnoop hardness or Bierbaun microhardness 
indents could be recognized. These two specimns are being ground and 
polished fcr electron metallographic study of fissian gas pores near the 
U-U inteeace and for microhardness traverses. They will then be used 
to determine proper annealing times and temperatures for developing 
porosity. The specimens still appear intact across the U-U interface. 

The specimens have been photo- 

Irradiation at temperatures below 600 F to 0.3 a/o 

Restrained Irradiations 

Swelling experiments on eight Zircaloy-2 clad uranium fuel rods wit11 
selected uranium temperatures, cladding thicknesses, and burnup are 'oeing 
conducted employing NaK-filled temperature monitored capsules.. 
and density changes ir these rods irradiated in the MCR are being deter- 
mined. Excluding two rods which have very low burnup, the uranium density 
decrease appears to substantiate swelling data from previous irradiations 
of Zircaloy-2 clad rods in NaK capsules. Above a temperature of approxi- 
mately 350 C, swelling increases rapidly with Increasing temperamre. At 
450 C.the swelling is approximately eight percent per atom percent burnup. 
From a conparison of the effect of cladding tnichess on sweliing decrease, 
rods with nominal cladding thickness of 0.020 iixli appear to swell less 
xhan rods with nominal cladding thickness of C 030 inch. This is prob- 
ably due to the fact that the thinner ciaddizg results ki a 30 C decrease 
in uranium temperazure in :h2 0.020 inch thick Aad rcd. This lends 
credence to the postulate *;.:ct Zr-2 claddirig o fers ii5tle in the way Oi' 
restraint, althoqh, aclmi<ttsdly, the diTference in oFerating temperature - 

makes a precise comparison dikicult bktdLi3erapiiic stadies 0:' the 
uranium and cladding on several of these eight Piel rods is planned. 

Volume 

1230 1 bO UNcwSSIFlED 



UN(=LAsSIFIED A- 41 HW- 7 0872 

5. 

--Reactor Creep lkasuremezts 

During the mnth the heaters of capsule 11-2 becane inoperable due to a 
loss of electrical continuity. The exact point of failure is not yet 
knm. 
leads were silver soldered to the inconel pin of a helium tight header. 
The techniques used in soldering resulted in a joint which was not free 
from flux. 
temperature and nuclear environment is believed to have weakened the 
joint. 
creep testing. 
possible to allow charging of a third generation capsule. 
two second generation capsules will be used for ex-reactor tests parallel- 
ing in-reactor tests of third geceration capsules. 

The discontinuity may have occurred at the point where the heater 

The combinaticn of the corrosive nature of the flux, high 

The loss of heaters of capsule 11-2 eliminates the possibility of 
Both caps-de 11-2 and 11-4 will be discharged as soon as 

The remaining 

Cansule and Instrmient Develmmelit 

Capsule 111-2, .a third generation capsule having a 20$ cold worked 
specimen, has been checked out in the laboratory. The strain measuring 
system, %hermocouples, and heaters formed exactly as required. The 
thermal transport was observed to be convection controlled, that is the 
power required to maintain a given stea&j state temperature increase 
with increasing helium pressure. 
to maintain a temperature of 200 C. The mass of the section affecting 
the specimen temperature is 480 grams. 
the capsule should then operate at a temperature a little greater than 
200 C in absence of' electrical power. Since 605 watts are required to 
maintain a temperature to 245 C, the third gencration capsule will be 
capable of creep testing at the lowest temperat-ne of interest, namely 
250 C in a gamma field of om wazt/gramn The 2000:l gear box used to 
turn the micropositioner weighs 261 grams. in a one watt/gram gamma 
field, the gear box temperature is expected to be considerably higher than 
desired. WificatLon of the gear box to lighten all components and 
provide for coolb-g of internal parts by convection was conducted. 
gear box weignt was reduced to 165 grams ad holes were drilled in the 
housing to allow easy helium access to the box interior. 
gear box will be installed in %he next, third generation capsule prepared 
for charging. The gear DOX from that capsule will ir, turn be modiiied 
for use in the foilowing capsule, 

At 500 psi, 460 watts were required 

In a gamma field of one watt/gram 

The 

The lightened 

Be-Irradiation Mazerial Characterization 

Determination cf activation tnergies for the creep of Zircaloy-2 has 
continued. Activation energies found for annealed material at 412 C 
and 43L C were 59,600 and 56,200, respecTively. The extensive labora- 
tory modification trnicn has slowed this study is almost complete. Six 
new precision creep machines were added to the laboratoq during the 
modification. 
creep study. 

Tiese new machines will ;reat,ly acceleraze zhe ex-reactor 
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GAS-GRAPHITE STUDIES 

EGCR Graphite Irradiations 

%e H-3-3 caps-&? in 7.;Lii&i EGCR ;;ra-phit;e is  lag ilrad2nCad was suc- 
cessfullg removed ana rzinstzlled in Lie GETR dL1i.i::;; dls Cyclz 2; silct- 

down. This operation vas required so that the guide tube wiricn holGs 
the capsule could be reamed out at the lower end. With the capsule now 
seated at the same reactor elevation at whiw H-3-1 and H-3-2 were ir- 
xdiated, thz saxiplc teqcrat-nx 81 2 dapliLatiLilg previous capsue historj. 

'A..: i:c',-oa d-cxlim Oi EGCR IIazards Evaluation 

A series of tests were conducted in the EGCR aurning Rig to test a fuel 
channel mockup composed 0.' EGCR moderator graphite and silicon carbide 
coated fuel sleeves. The fuel sleeves in these tcsts contained stainless 
stzzl r'uc.1 dzunt shxi- pin; and mcoated &del elecient spider slo-cs 
milled on The inside 
fications. Results 01 the t.?s';s wex as lollovs: 

-- ---- 

trie grupnite slifc.c~, ZL i.aq~frzd 57 fuel speci- 

Air 
ik.2-li:7~ Graphite Inlet Air Temperature OC Flow Rate Obsemed Rate ol: 

-qsi-ature ( OC 1 Annulus Center lo/hr Terrrpei-aturc Cis,? 

60 260 3','8 -40 C/nr 

+60 c/hr 100 320 LU I 

Lor3 320 136 +EO C/hr 

60 400 1.86 -5 c/hr 

so 400 100 +jc C/hr - 

,y>.. 

Sy comparison or ikse res;llts ::LL pcxious Afs.-,l~s it mg- 'a2 concluaeu 
that coatad grapl1ic2 slzews wiih .ncoa;ed posi vioning siocs would be no 
more resistant totrards zonhstion in the EGCR tzm uncoated graphit,: 
SidZ~"-.r,. 

Irradiation Oi. ZGCR Slesvs Ihterials 

Samples of Speer 901, EGCR moderator, and CSF grsphites were irradia,ed 
in ETR hot capsules. 
1200 C to 1400 C. 

Irradiation temperatures :re;.= caiculat.?d to Se from 
Exposure was approxhnately 2.5 :: LO2' nv-c, E > 1 Me.; 
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(-5000 EGCR equivalent MWD/AT). Preliminary rzsults indicate that the 
901 contracts slightly more in the parallel extrusion direction than in 
the transverse; siiowing an anisotropy ratio (@arallel/transverse ) of 1.7. 
EGCR moderator graphite contracts considerably more in the parallel 
direction than the transverse and shows a ratio of 10. This ratio is 
expected to decrease at higher exposures. 
materials in the parallel direction shows Speer 901 is about the same 
as EGCR moderator graphite and both are better than CSF. 
are undergoing further irradiation. 

Relative comparisons of 

These samples 

Thermal Cycling of Irradiated Coated Graphite 

Five samples of Si-Sic coated graphite which had been irradiated to 
3000 W/AT at 500 C have been therm1 cycled in air from 250 C to 
1200 C. 
failed the oxidation test but was cycled to see the effect on a poor 
coating. Some coating disintegration was noted, but no large pieces 
spalled off. 

All had receivad air oxidation tests prior to cycling. C-8 had 

Results are summarized in the following table. 

Rrcent 
Sample No. Cycle Time No. of Cycles Wt. Change Remarks 

M-ll 117 hr~ 824 + 0.003 Good 

c-18 103 I' 779 + O.GG03 
C-8 8 I' 64 - 0.27 Failed (see above) 

.c-5 96 670 - 0.002 I1 

I1 

Graphite Compatibility With Helium Containing Vater Vapor 

Modifications to the "vacuum" balance are being made to enable a high 
vacuum to be obtained for outgassing samples prior to testing. 
meantime, determinations on the efTec'i or" temperature on mixtures of 113, 
CO and H2 are being made. 

In the 

The reaction: 

CO + 112 = C + H20 

thermodynamically favors the right-hand side at temperatures below 
approximately 675 C. 
increased water content in the exit gas ai'ter passing through an 830 C 
furnace. 

There is some evidence in rocznt experiments of 

An apparatus employed to study the thermal reaction of graphite with 

helium containing low concentrations of water vapor has been modified 
for use in the investigation of this same reaction imder gamma irradi- 
ation. The equipment has ncw been installed in the gamma facility and 
a test is under way with helium contailiing 430 ppm of' water vapor. 

Surfaco Complex Studies 

Recent results have shown that the majority of the results previously 
i-epoi-ted were due to a phenomenon associated with replacing one gas with 
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another in the recording balance system rather than to an effect on the 
graphite. 
the observed weight changes can be attributed to the graphite. 

Work is continuing in an effort to establish what part of 

Effect of Impregnation on High Temperature Contraction 

a a cooperative programwith the General Atomic Division of General 
wcs, the effect of impregnation and subsequent heat treatment on 
the radiation stability of graphite is being investigated. Graphite 
samples of parallel and transverse cut TSX, and parallel samples of 
-85, a candidate mterial for the H!WB, were included. Each sample 
series consists of four samples. The first samples were taken after the 
initial step of annealing to.2900 C for 15 minutes. The second sample 
was taken after two furf'ural alcohol impregnations with a 900 C bake 
following each impregnation. 
impregnation, and the fourth to 2900 C. 
this program. 

The third sample was heated to 2650 C after 
A total of 24 samples comprise 

All processing has been compleced and samples have been loaded into "hot 
capsules" for irradiation in the Em. 

Speer Carbon Company Contract, Chemical. Additives in Graphite 

Samples of ten graphites manufactured by Speer Carbon Company under the 
above contract have been shipped to HAFT). They are being prepared for 
irradiation to determine the effect of additives on dimensional stability. 
Included in the samples received are a standard graphite containing no 
additive, graphites in which 0.5, 1.0, 2.0, and 4.0 percent. standard Fez03 
was added to the base IT&, and graphites containing one percent additions 
of purified Fe203, FeO, Fe 04J FeSi03, and Fe. Eight additional graphites 

percent additions of Cr2O3, CrC13, CuO, UZO~~ kO3, Ni2O3, Al2O3, and Al4C3. 
Density determinations made by Speer Carbon Company on the graphites con- 
taining iron additions indicate a two percent addition of standard Fez03 
produced the highest density, 1.75 g/cc. 
of purified and standard Fez03 produced densities of 1.66 and 1.72 g/cc, 
respectively. 
of impurities in the purified Fez03 while the standard Fez03 contained 
small amounts of Si@, 240, Al2O3, PbO, and COO. 
to have influenced the increase in density. Density increases alone have 
not provzn to be indicative of th2 dimensional stability of graphite when 
the increases were attained by pitch impregnation. 
to determine what correlation if any exists between dimensional stability 
and density gained by the use of additives. 

are currently being graphi 2 ized and purified. They were mixed wizh one 

Graphite with one percent additions 

Analyses of the additives revealed only trace quantities 

The impurities appear - 

It will be of interest 

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

Gas Loop construction is approximately 92$ complete versus 99b scheduled 
as of August 31, 1961. 
approximately 925 complete versus 955 scheduled. 
work and completion of insulation and framework painting are scheduled 

The J. A. Jones Company installation work is 
Miscellaneous electrical 
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for next month, az wnlcn ti= the rain loop will 32 reiid:; for desi22 
kests. 
after installation of the in-reactor prozocype ia 5 Cell. 

of the in-reactor section in channel 1542 depends on successful demon- 
stratian of the prototype, PRTR scheduling, &Td delivery Of the main 
blowers. 

The helium shroud coolant loop testing Kill Be deferred until 
Installetion 

A visit was made by Mr. NeiU and Mr. Dudley of ORNL to discuss design 
parameters of the Gas Loop for consideration in possib, le future uses of 

the Gas Loop Facility. 
Reactor Developmnt and Research Division of d00, AEC. 

The visit was arranged tuoqh the Civilian 

Testing of the prototype CQ diapkrngni cour;,~-ssor .ias startzd. 

7. GRAPHITE IRRADIATION DAMAGE STUDIES 

National Carbon Company Contract 

Parallel samples of anthracite-based graphite heat treated to 3000 C 
displayed dimensional changes similar to reactor grade materials after 
the exposures cited above. 

9ot trorked grap;iil;ec G-' -uuL!i $*JL tL;1el dad z- oAx-bers~ oikntationa iiei'e 
also included in this iri-sdiazion. As expectca, an initial slight ex- 
pansion was observed in both oritentations at the lower exposure. 
Parallel samples contracted sli5h';ly ~t -XI 12'18 MWD/AT. 

., Theimocoupl? rxtisu  wits 1;ei.e rfceritL;r c~q)l.~-~.i, i:1 -cIic cold .test hole, 
213 ZC.5 KE kactoi., :ind resuizs Indicate hat ii;ra;>.?l Lz san~ph Lziux~ a.;il:'?s 
CI'L' higher than -GAL nominal 30 C quotecl ;'or this i'acility. Viigin 
graphite samples r,=achea a tqeraturr: of j0 to 60 C. 
conductivity of irradiated graphite is lover than in virgin samples, the 
temperatures of high-exposure sqles shoula be hiyher by 10 C or more. 

Because the themal 

x&li stored energy and length change in graphite irradiated in cold test 
'ioles nave displayed a tendency to saturation. 
hi@ exposure samples was started at 30 C. In view of the now higher 
temperaturzs, it is likely that annealing of damage accu3nrldted at lower 
teqerature accounts for part of the tendency toward satmation. For this 
reason the saturazion-stored-energy of cold test nole samples is pio'cady 

lower than the maximum stored energy for 30 C irradiations. 

The irradiation of the 

Length 
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changes of cold test hole samples also are probably lower than length 
changes which would have accumulated if the irradiation temperature 
had been maintained at 30 C. 

8. ALuMIlwM CORROSICIN AND ALLOY DEVELOPMENT STUDIES 

Aluminum Corrosion 

Testing continued, on the corrosion of x-8001, Zr-2, and sensitized 304 
stainless steel at 300 C in water adjusted to a pH of 4.5 with &MoOI+. 
The current test has been operating somewhat longer than 2500 hours, 
although aluminum corrosion data are only available up to 1630 hours at 
this time. The corrosion rate of the x-8001 alloy at 25 fps changed 
from 0.16 mil/mo to 0.92 mil/= after 825 hours. The corrosion rate at 
40 fps has been 0.92 mil/mo since testing began. Apparently the formation 
of a protective film was prevented at 40 fps, whereas at 25 fps a protectiL- 
film was formed initially but changed in character after 825 hours. 
was borne out by the observation of loose, flw films on the nore 
recently discharged coupons as well as lower film weights on these coupons 
compared with earlier coupons. 
froml.O to 1.2 mils at 40 fps, and to 0.7 mil at 25 fps. 
data using high purity water at 300 C show a rate of 3.3 mils/mo and 
indicate some inhibition is being obtained. 

This 

Total penetrations after 1630 hours range 
Comparison 

Evaluation of Nickel-mated Aluminum in High pH Water 

The 'test was terminated in TF-5, in which Ni-plated aluminum was exposed 
to 290 C, pH 9.0 LiOH water. 
tration of the can wall (0.045 in.) was achieved. 
corners and apparent coating holidays were penetrated and the underlying 
aluminum was pitted. 
and the corrosion of the aluminum was not accelerated in these defect 
,areas. 
in molten AlSi. 

After five weeks of operation, full pene- 
In general, sharp 

The 0.001 inch nickel-plate was not greatly undercut 

The nickel plating tested had received a two-minute heat treatment 

Revision of H-1 Loap 

An order has been placed for the deionizers for H-1 Loop. Af'ter the 
former KER pumps are installed, the loop will be available for operation 
with nonf'ueled samples (coupons). A prel-ary testing program has 
been drafted. The first tests will include a comparative evaluation of 
alloys and a study of factors leading to deposition of films on samples 
in the flux zone. 

The rzsponse of the ultrasonic test 2quipment varies with the physical 
dimensions of the defects in Zircaloy sheath tubing; however, the exact 
relationship between length, width, and depth of a defect and the response 
of the instrument remains to be established. Several series of defects 
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are being fabricated. One series of defects is being made with the 
same depth and width but different lengths, another with the length 
and width held constant but with different depths: another with 
constant depth and length but with different widths, and a set with 
the physical dimensions the same but with different orientations with 
respect to the tube axis. The electyo-jet machined grooves will be 
replicated to assure precise duplication of groove shape to avoid 
uncontrolled variables. Using machined defects in the study of ultra- 
sonics has raised the criticism that the shape and orientation are 
different from real cracks, 
like a crack, 0.680-inch ID tubing with machined defects will be drawn 
to 0.495 inch size holding the wall thicbess to 0.035 inch. 
anticipated that the machined defect will close during drawing and 
hence may moie nearly sinmiate a crack. 

In an attempt to make a defect more nearly 

It is 

10. IRRADIATION EFFECTS IN STRUCTURAL MATERIALS 

As reactor concepts become more diversified, it is increasingly more 
difficult to keep pace with the need for inf'ormation about the effects 
of irradiation on reactor stmctural materials. The purpose of this 
program is to investigate the cornbined effects of radiation and reactor 
environment on the mechanical properties of structural naterials. 
Special attention will be giver, to the determination of mechanical 
property changes groduced in metals by irradiation at elevated tempera- 
tures in contact with water. 
purpose of this program was completed. A specimen assembly, along with 
a mochp asserribly fcr the critical facilir;y, was delivered to the ETR 
for irradiation starting with cycle 39. This cycle began late in the 
month. 
which were machined from rolled pla-ce botn in the longitudinal and 
tranverse directions. 
cold worked conditiom were inserted. Goal exposures range from 
2.0 x 1019 to 1.6 x As the Zircaloy-2 specimens reach their 
goal exposure,. they will be discharged and replaced with types 348 and 
304 stainless steel specimens, of which about 800 have been received. 
Blanks for notched tezsile and bend speciciens have been cut for final 
machining. 
some cold work recovery arid stmctural changes due to temperature effects 
alone. To duplicate the in-reactcr operating history, thus divorcing 
the neutron damage effects for study, arraqements have been made to 
expose control specimens in an ex-reactor hot water loop. Additional 
specimens for these C,ests arc beirg prepared. 

Modification of the ETR 6x9 loop for the 

The irradiation assembly congains 504 Zircaloy-2 tensile specimens 

Specimens in the annealea, 10, 20, and 40 percent 

nvt, 

Tne irradiation of these miterials near 300 C will cause 

Low temperature irradiations are also in progress on both notched and 
uniform tensile specimens of Zircaloy-2 and tecsile specimens of 
zirconium - 2 N'b - 2 Sr, alloy. 
ETR F6 and G6 positions, eight have been discharged, decanned by Radio- 
metallurgy, and transferred to the 326 Suilding for testing. 

Of the 19 capsules cnarged into the 
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D. RADIATICE? EFFECTS ON M3TALS - 5000 PROGRIM 

Considerable fundazrental information on the effects of neutron radiation on 
metals has been accumulated, but only recently has it been recognized that 
basic mterial pmters, such as purity, play an important role in deter- 
mining the extent of property changes. Previous studies at EWQ have shown 
that impurities markedly affect damage production and recovery in various 
metals representing all three major crystal. systems. 
present program is to develop a model which accurately describes the nature 
of neutron damage in a pure body-centered cubic mtal to determine how con- 
trolled inpurity additions alter this damage state, and to establish the 
mechanisms of damage recovery. 
metal for initial study because a large proportion of damage is retained at 
room temperature and transmutations and residual radioactivity are minimal. 
A nuniber of single crystal and polycrystalline specimens containing known 
impurity levels will be irradiated at ambient reactor temperatms, and the 

following tests will be conducted: (1) mechanical property measurements and 
determination of deformation mechanisms; (2) examination of thin foils by 
transmission electron microscopy; (3) x-ray diffraction determination of 
lattice pareter, line broadening, and extinction; (4) measurement of elec- 
trical resistivity and macroscopic length. 
damage recovery will be determined through the use of lattice parameter, 
resistivity, and macroscopic length masurements. The recovery studies will 
be supplemented by measurements of stored energy release from irradiated 
polycrystalline specimecs . 

The objective of the 

Molybdenum has been selected as a suitable 

Kinetics and mechanisms of 

A total of 225 inches of 1/8 inch diameter molybdenum single crystals of 
various orientations has been obtained. Kcown amounts of carbon have been 
added to these crystals, with carbon levels ic three ranges: 10-30 ppm, 
100-200 ppm, and 400-500 ppm. 
the same composition. 
tecwque for obtaining reduced sections on tensile specimens without greatly 
disturbing the crystal. 
followed by heavy etching aDpear promising. 

An order has been placed for thin foils of 
Work taus far has been directed at finding a suitable 

Electrolytic machining and mechanical gricding 

Design of a differential calorimeter for stored energy measurements is 
complete and construction is in progress, 

Wlybdenum foils, 0.003 inch in thickness, of romi~al 99.9% purity have 
been successfully thimed for direct electron transmission microscopy. 
Dislocations and grain boundary structures are revealed, but dislocation 
motion due to thermal heating stresses by the incidexit electron beam did 

not occur. Microtensile specimens for the electron microscope were prepared 
with an available jig, 
mens, they defomd arid fractured at the grip ends. 
being designed for preparing teI;sile specimecs. 
the molybdenum foils ori order, commercial grade (99.995) foil specimens in the 
as-rolled and vacuum annealed (at 830 C) state have been sealed in evacuated 
capsules and sulmitted for irradiation in a Sanford Smut Facility, 
foils will pe-rmitu preliminary electron microscope study 32 the susceptibility 
Of molybdenum to clust-.ring of der'ects r'omed by neutron bombardmeEt. 

Contrary to the behavior of similar aluminum speci- 
A new jig is therefore 

In lieu of availability of 

These 
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E. CUSTOMER WORK 

Radiomet allurgy Service 

The diameter of the second overbore element increased about 15 mils during 
irradiation. In both elements the grain size of the uranium on the internal 
surface was extremely small to a depth of 10 mils (RM410). Failure of the 
x-8001 clad, enriched production element from 2657 DR was caused by corrosion 
which penetrated the sidewall in a hot spot (m426). The ruptured element 
from tube 2986 DR which was cracked transversely in several places was so 
badly damaged that little informatdon was gained from the examination. 
ever, it was determined that the transverse cracks originated at the internal 
surface and the metal quality was consistent with production standards 

(RM427). A pin hole in the male weld was the cause of failure of the en- 
riched bumper element from 2867 H (m428). 
burnup analysis, one sample was dissolved for iron analysis, and fission 
product gas was collected from six ceramic fuel components. 

How- 

Nine samples were dissolved for 

Met alloZraDhY Service 

Zircaloy-clad fuel elements exposed to a temperature of approximately 1300 C 
for one hour exhibited different 6egrees of alloying between the uranium and 
the Zircaloy, as reported last month. One of these elements had -,>sen closed 
with a 5% beryllium-alloy brazed end cap wnile the other had been closed with 
a simple weld around the end caps. 
solved enough Zircaloy to make approximately a 2$ Zr-U alloy. 
in the other element.dissolved very little Zircaloy and was still essentially 
unalloyed uranium. 

The uranium in the brazed element dis- 

The uranium 

Uranium attack of the can and caps was much more severe in the cap region 
af the 5$ beryllium brazed element than on the welded element. 
the location and degree of attack, it was surmised that attack of the 
Zircaloy was accelerated by the beryllium present in the braze regions. 
Although this increased alloying attack thinned the jacket rather drastically, 
it apparently did not contribute to premature failure in the furnace test. 

Because of 

X-ray diffraction analysis of a zirconium oxide region in autoclaved Zircaloy-2, 
which was exposed by mechanically polishing away the Zircaloy metal, is cur- 
rently in progress. 

Other work during the month will be reported in connection with the respective 
research and development programs served. 

Samples Processed During the Month: 
.. 

Total Samples 292 
Replicas 19 

Photographs 

Micrographs 
Macrographs 

. Electron Micrographs 

391 
80 
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PlIPR Charging Machine 

Installation of the mockup assemblies is 85s complete and testing of the 
machine and components is 15$ complete. 
have been operated include the cross travel drive, vertical lift, plug con- 
veyors, idler rollers, transfer arms, and front drive rollers. 

Charging machine subassemblies which 

The main work during the month has been in wiring the electrical control 
systemwhich consists of six electrical cabinets with 225 relays, 150 
indicating lights and 50 switches of various types. The electrical work 

is 65Q complete. 

Manager, Reactor and F'uels Research 
and Development 

FW Albaugh:kb 



PRYSICS AND INSTRUMEDIT RESEARCH AND DEVELOPMENT OPERATION 

MONTHLY REPORT 

AUGUST 1961 

REACTOR 

OptMzation of Retubed C-Pile Lattice 

The final material buckling for C-11-N fuel elements with air coolant is 
114 x loe6 
the process tubes and 1.0 inches parallel to the process tubes. 

The extrapolation lengths me 1.1 inches perpendicular to 

Lattice Parameters for Large Diameter Fuels 

PcTR measurements have been completed for a le66 inch solid fie1 element of 
natural uranium in a 6.5 inch lattice moderated by graphite. 
the data to obtain k, and f is not yet complete. 

The analysis of 

An experiment to determine the reactivity worth of spline material Is being 
planned, 
will be measured at the position at which the cell was poisoned when its & 
was measured. 

The worth of the spline material relative to the worth of copper 

EXponential Measurements of Large Diameter Fuels 

The fractions and ranges of fast neutrons emitted by radium-beryllium neutron 
sources were measured and reported by Davenport, Lynn, and Richey (HW-26207). 
The constants were determined by fitting a sum of three exponentials to foil 
data taken between 10 cm and 75 cm fram the neutron 
indium foils were used as detectors. New fractions 
fitting the same data but including points up to 95 
old and new fractions are given in Table I. 

TABLE I 

- 
source. Cadmium-covered 
have been determined by 
cm fromthe source. The 

RWe Old Fraction 

30.74 cm .3462 
43.24 cm .6416 
64.14 cm 0 0122 

I 

PCTR Safety Specifications 

New Fraction 

.3244 
6 533 

,0223 

Hazards calculations have been we for three different core loadings for the 
FCTR. 
would melt or vaporize in case of an uncontrolled nuclear excursion. 
loadings considered were a natural uranium f’ueled core, a Pu-U fueled core, 
and an aqueous Pu solution core. 
PCTR Hazards Report, 

Integrated power levels were obtained at which various reactor cmponents 
The core 

This work was done in support of the Revised 
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monential Measurements on N-Reactor 

The material buckling of the natural uranium NPR fuel elements with water coolant 
was measured in the condensed lattice exponential. 
7.56 inches. The flnal buckling is -177 f 3 x lo-' 
iengths are 1.0 inches perpendicular to process tubes and 0.8 inches parallel 
to process tubes. 
cmplete and are summarized in Table 11. 

ile. The lattice spacing was 
The extrapolation 

The buckling measurements involving natural uranim are now 

TABLE I1 

Material Bucklings for Natural Uranium 

Lattice 

Condensed - 177f 3 - 178 f 3 

Mockup - 95 i 2* - 9324 

+An average of two independent measurements. 

The measurements show that, within the uncertainties involved, the mockup and 
condensed lattices me at Rcross-overff for the natural uraniun fuel elements. 
The "cross-over" point is at that lattice spacing for which the buckling does 
not change upon loss of coolant. 

Two programs have been written for the IBM-7090 to analyze exponential pile 
control rod data. 
theory. 

CORE-I uses one-group theory and CORE-I1 uses two-group 
CORE-I is now in use and CORE-I1 is being debugged. 

PCPR Measurements for N-Reactor 

The peakkg of the 'fl/v'f flux near the end caps in NPR fuel has been measured 
in the FC!T!R. 
gap between the inner tubes of fuel in two adjacent he1 elements. 
of measurements were made: 
vent and (2) with the end caps centered between two transverse vents. 
data have been reported in HW-70727. 
position of the vent. 
is 23 percent and 44 percent, respectively. 

The peaking is magnified by the presence of a 0.220 inch water 
Two series 

The 
(1) with the end caps centered under a transverse 

The flux peu does not depend upon the 
The peaking at the ends of the outer and inner fuel tubes 

Transport Theory Developuent Work 

The S, analysis method for solving the multi-energy adjoint-and-flux transport 
equation has been generalized to provide rigorous satisfaction of energy- 
dependent albedo boundary conditions, by use of a chain-compounded nest of 
three-pass radial-angular extrapolated-integration loops. 
difficulties in applying the S, analysis method to mirror-reflected cells have 
been reported throughout AM: installations, the derivation seems worth sllmmnriz- 
ing here, for Fnnnediate dissemination prior to ANS journal publication. 

Because widespread 



The method stems simply from the observation that linearly independent sol.’;tic?-s 
of the transport equation can be combined linearly to obtain solutions satisfy- 
ing pre-specified albedo boundary conditions; but the multi-dimensional intricaey 
of the transport equation requires careful optimization of the mathematical 
logic to eliminste the need for storing multiple solutions, to minimize machine 
time, and to avoid numerical instability. 

The logic begins with inward integration of outward adjoint and inward flux, 
and progresses to outward integration of imJard adjoint and outward flux after 
albedo reflection at the inner boundary surface. 
adjoint and outward flux. re-enter three-pass loops, as illustrated in the Sq 
flow chart of RLgure 1: 

At the outer boundary, inward 

I 

Flux 

Flgure 1: Three-pass albedo .loops, for S4 angular basis. 

On the first pass through each loop, the outer buundary adjoint field 
@*( I,n,l,M-m) and flux field fl( I,n,l;m) are set equal to the outer surface 
source Bo(n,l,m> (which is taken as zero if not provided as input): 

i 

The indices (i = 0,I; n = 1,N; 1 = 1,L; m = 0,M) label radii, energies, pal= 
angles 2nd azimthal angles, respectively 

1~311 tiic second pass through each loop, the emergent fields are multiplied 5y 
the outer surface albedo &(n) and added to the outer surface source to form 
the second entry field: 

f!z(ljnjl,n) = flG(n91,m) + Ac(n) &(13n,l,M-m). (2%) 

UII ‘2i~ uA-~-d FZSS tkragh each ICCP, the first two entry-exit 
arc co.diined linearly to forn the final entry fields needed tc satisfy the 
speciried outer albedo bcmdary conditions: 

surface fields 

\ 

1230 -T 13 

. , .. 
.d. . 



c 

B-4 . ~ 

The analysis is available for external distribution, as a part of GE-HAP0 prog- 
ram S-X (Neutron and Photon Transport, Variational Optinnnn Fonrmlation, Plane- 
Cylinder-Sphere ). 

Digital Ccquter Programs for Reactor Analysis 

The rough draft of the HFm d scriptive document is*about half finished. 

HIT, has been submitted for reproduction. 
FORTRAN uaers with the next issue of FQRTRAmsLATIoNS. The card decks and an 
abstract of the input routine have been submitted to the FOR?IRAN program library 
in 713 Bldg. 

Camputer program FIT-l(2) has been modified to permit the solution of'problems 
using two very tightly coupled thermal groups, such as the absorption spectrum 
model. 
unstable oscillations. 
thermal groups could effectively be psrtially decoupled by coupling each group 
to itself (i.e., using a non-zero self-scatter transfer cross section, cj in 
each group). 
input, and both HFm and FIT-1 have successf'ully run absorption spectrum calcula- 
tions. 

A 

Copies will be sent to all HAP0 
separate informal document(1 f -, describing the generalized input routine used with 

Previously attempted runs using this model had driven FIT-1 into 
Using HFm, it was experimentally determined that the two 

FIT-1 was modified to accept the "self-coupling" cross sect J on as 

Green's Function Treatment of Two Region Exponential Piles 

Since the Hanford exponential piles have a fuel region distinct from a base 
region, they are representative of a more complicated exponential assembly than 

(1) 

(2) 

UeY, J. R., "A Generalized FORTRAN Input Routine," Irw-70893, August 29, 
1961 e 

uey, J. R., "Correlation of Experimental Activity Traverses Us- Few 
Group Neutron Diffusion Theory - Camputer Program FIT-1," HW-69871, 
June 7, 1961. - - 
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the hunogeneous type analyzed previously. 
pile is to represent it as a two-region assembly--a base region consisting of 
moderating material having a characteristic diffusion length and a Diel regian 
having a Characteristic buckling. The Green’s function analyses for such two- 
region assemblies have been canpleted for both point thermal sources and point 
fast sources. 
ered to be uniform for fast neGtrons. 
cated than similar results for a single region pile. 
type two-region correction is currently being used in analyzing pile data. 
is hoped that a fast source type two-region correction will improve the analysis 
of experimental data and permit data frm a wider region of the pile to be use- 
ful. This would, in turn, allow more accurate buckling measurements froan the 
sane assembly. 

A first step in analyzing such a 

The fast sources were treated by age theory and the pile consid- 
The results are shewhat more campli- 

A thermal point source 
It 

Computational Programming Services 

Debugging continues on the rewritten version of the General Atomics code, 
KEENEL. Revisions were made to WOCL, the exponential pile data reduction 
code, to pedt the inclusion of data taken at uneven increments along the 
vertical axis. 
the recent revisions to COFIT2. 

A rough draft has been prepared of an HW document describing 

Instrument at ion 

Eccept for a number of 329 Building UO VAC power interruptions, the prototype 
experimental Fast Scan me1 Failure Monitor performed properly throughout the 
moqth. The complete semple system was in operation. 

Considerable data were obtained for three types of fission neutron detectors, 
which use U235 foils, for reactor use. 
signal-to-noise ratios, neutron-caused pulses, and alpha-caused pulses. 

Measurements were made of noise levels., 

A trip was made to GE-AFZDs San Josep to discuss the nuclear instrumentation 
being fabricated for N reactor. 

Twelve air monitors of the air-borne particulate fissicn product typeg 
developed for use at M reactor, were ordered. 
Technical Associates, Inc., as direct copies of our developed unit. 

These will be fabricated by 

In preparation for the N reactor diff’wiw length measurements, assistance was 
rendered to werational Physics, IF& concerning experiments to verify tie 
poison detection methods previmsly proposed, and a cost estimate for instrumenta- 
tion was prepazed, 

Advice and assistance was given to Reactor Plant Design concerning bid reviews 
and performance tests of equipment 3eing offered for bid consideration for the 
NPR Fuel Failure Monitor. 

The optical readout traverse mechanism for measuring graphite distortion io the 
old reactors has been campletely assembled. Tests are being run to measue its 
performance, Design sketches are being prepared for a traverse mechanism which 
will use electrical readoit transducers, Such a unit wlll make the traverse 
measurements in less tiree, The design changes being made incorporate changes 

., 
:. ., 
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that will be useful in any other optical readout mechanisms which may be used 

Two head units for the radiation ratio pyrameters for measuring graphite 
moderator temperatures have been given their final calibrations. 
still very sensitive to focus adjustments. 
diffuser to reduce sensitivity to focus was unsuccessful because the diffuser 
scatters too mch radiant energy art of the radiation beam. No test has been 
made using a field lens in the place of the d'iffuser. 
pp-cuneter of ccmpletely different design is currently being tested. 
Is expected to operate without any need of focus. 

Both are 
An attempt to use a &round glass 

A radiation ratio 
This unit 

Systems Studies 

Feasibility studies concerning an NPR Plant Simulator have continued in a 
cooperative effort with IPD engineering and operations personnel. 
has been drafted describing the uses and justifications, the facility rewe- 
ments, and possible steps for procurement; and recamnending authorization to 
proceed with preparation of a detailed scoping study and proposal. 
were made to obtain the excessed ANP analog computer equipnent for the NPR 
Simulator, but word was received at monthDs end that it was assigned to Aero- 
jet-General Corporation for the nuclear rocket program. 

A document 

Efforts 

A meeting was called by Operational Physics Operation, IPD, to discuss equip- 
ment requirements for the proposed automatic control experiment at 100-D 
reactor. It was attended by representatives fram Systems Research Operation, 
BLO; Instrument Developuent Operation, IPD; and Operational Physics Operation, 
IPD. Various methods of obtaining reliable eqpipment configurations were dis- 
cussed. 
magnetic amplifier controllers for the measurement and control signal f'unctions. 
These units were recommended by Instrument Developent Operation on the basis 
of reliability, simplicity, and previous plant experience. 
this type of control device can form the nucleus of a highly reliable control 
system if it can meet the stringent repeatability requirements of the system. 
Systems Research Operation has asked that tests be de as required to determine 
that all temperature trip points set on the control mits will be repeatable to 
within 0.loC for an indefinite period. 
be obtained with the proposed controller, a --operated bridge system, similar 
to one proposed in HW-69851, may be required. Details on the method of actuat- 
ing control rods have not been worked out. . 

was discussed but the details will be delayed llntil after the type of control - 

device to be used is determined. 

It was decided to attempt to purchase suitable multiple-winding 

It appears that 

If this degree of repeatability cannot 

A general philosophy of operation 

The xenon poisoning equation constants for both grotad state and metastable 
xenon have been determined and a stability study is being conducted using the 
GEDA computer. 

Analytical work on a reactor model for the spatial-dependent reactor kinetics 
is canplete. 
soon. 
a simple reactor model for checkout and initial result purposes. 

A reFort is being written ani shmld be ready for initial issuance 
When the initial writeLp is complete, an attempt will be made to program 

The main analog program has bee2 cmpleted for the NPR secondary loop. 
programs will be wired to the main program to study scram transients and loss 

Sub- 



of load transiefits. "he study will 
will occur., particularly due to the 
condensers 
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d.etermine under what conditions instability 
interchange cf energy between two dump 

Work was resumed on the space- and time-dependent reactor speed-of-control 
simulation, -sing the EASE and GEDA analog computers. 
lated as a side-to-side array of nineteen vertical slabs, This simulation 
allowed investigation of local effects, including the effects of local VSR 
malfunctions. 
ing of a top-to-bottan array of nine horizontal slabs, This model affords 
simulation of VSR speeds and drop times. 
effects of safety rods gcing in only part way, Several parer and fuel tempera- 
ture curves were obtained and forwarded to the customer. 
safety rods to reach the bottom of the plle, reactor power and fuel temperature 
curves obtained with the top-to-bottom model were substantially different from 
those obtained with other models. It is expected that a more realistic simvla- 
tion will be progranmted and PU as soon as additional computing equipment is 
made available. 

The reactor was sbu- 

The sirmilation was then changed to represent a reactor consist- 

It is also possible to observe the 

Due to the time for 

A reactor instmentation study was made tc determine the effect of time delays 
introduced by the instrumentation on the reactor outlet temperature as a Amc- 
tion of reactivity3 
reactivity addition which cad be introduced without allowing the reactor 
outlet temperature to exceed a given value. 
instment delay times and for various settings of the scram trip point. 

The study consisted of determining the meximum rate of 

"his was performed for various 

SEPARATIONS 

Critical Mass Experiments with Plutonium Solutions 

Critical mass studies were continued with plutonium nitrate solutions in a 
&inch diameter stainless steel sphere, 
leted during the month are sumwized in the attached table. The critical 
mass values are for the total plutonium including the Pu-240. 

The results of measurements ccmp- 

In each case the critical volume and mass were detemhed from extrapolation 
of neutron ImLtiplication curves with the control and safety rods withdrawn. 
For several different reasam. criticality was not achieved in these experi- 
ments. 
criticality vesselp and secod.y, due to faihre of the control rod drfve 
mechanism, the experments were purposely restricted to sub-critical measure- 
ment s 

In scme cases the critical volme exceeded the sphere volume of the 

During the critical approacn experiment on August 8, the limit switch failed 
to function Frcperly as +,he control rod was being inserted, 
the screw drive for the magnet assembly became unthreaded at zhe gear box, 
In order tc effect reTairs, the qper section of the contrd and safety rod 
drive assembly were the2 remcved and dismantled in the mixing hood at +,he 
Laboratory' 
order to prevent tins kind of malfunction in the flrtwe. 
be reassembled? decisntammated, and installed, as soon as these modificaticns 
have been completedd 
pliztoniun containat ion- -an mtremely difficult imdertaking 

As a conseqpence, 

Mcdifications sTe currently Seing made to the limit switch in 
The control rod wiLb 

Tbc control rad assembly was removed withoht spread of 
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Sfnce the safety rcd was working satisfactorily, approval was obtained to condwt 
subcritical multiplication meas 

The experiments were then continued under the operating limitations and instruc- 
tions set forth in m-66266 (Hazards SunumCY Report ), HW-68857, and Authorizaticn 

No, ~~m-61-1~ with the following special conditions: 

ents without an operative control rod, pend- 
ing re-installation of the rod. KT 

1. TLe control rod was not used. 

2. 

3. 

The systems were not made critical. 

The volune of solution in the critical assembly vessels was not at any 
time to exceed the estimated critical volume minus 0.2 liters. 

Since the control rod worth was determined to be 0.2 liters of sohi- 
tion or less, the above limitation presented no additional hazard. 
When criticaity was approached with the control rod in the solution, 
the amount of solution added (near critical) also had to be limited 
to mounts less than the worth of the control rod. 
to a volume limit of 0,2 liters short of criticality, the subcritical 
experiments were as safe as those in which the control rod was used 
and criticality reached by withdrawing the control rod. 

Therefore, up 

Several of the principal purposes of these ex-periments have been to determine 
the critical concentrations in the full sphere and to obtain basic information 
on criticality conditions as a function of concentration. 

The most significant results to date of these experiments have shown that the 
critical volume is not a single-valued function of the concentration of the 
fissile isotope when Pu-240 is present in the system. This means that a given 
volume may have more than one critical concentration. This rmiltiplicity of 
just-critical values of concentration cccurs in the region (of tne critical 
volume vs. concentration me) where the energy spectrum is shifting from an 
approximately thermal spectm to a very fast spectrum, 
hardens, a larger fraction of the flux lies in the effective region of the 
Pu-240 resonanceg i.e.: the pcz-240 resonance, when flux weighted,fs a more 
effective absorber" 
spectrum approaches that of an xnmoderated (fast) reactorJ and the Pu-240 
resonance (at 
be as many as zhee "$at eritical" concentrations - separated by regims of 
concentration which are supercritizal and stLbcritical. 

For a qiven volumeF the ciulre of critical volume vs. concentraticl?. has the 
following general shape when ccnsidering the effect of P1-2LO. 

As the spectrum 

"he critical volume, of course, decreases again as the 

For a given volme there can 1 rv) becomes less effective, 

(1) Authorization No. EA-CML-~I-~~ Request for Lthorization to Perfsrm Sub- 
critig.al ,Mtiplicaticn Measurements with the Control Rod Removed. 
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Data Correlatiaa - Development of Nuclear Codes for Criticality Calculations 

Status of Ccmputer Codes 

Two cmputer codes, the AIM-6 and TBPEST, were placed into operation during 
the month of Airgust. 

the 9-Zoom code which is presently being used in the analysis of critical mass 
data. The AIM-6 code will carry out criticality search on the following 
options: 1) buckling search, 2) dimension search, 3) poison search, 4) poison 
boundary search, and 5) fuel loading search. 
Fortran is more easily modified for OUT special problems. The TEMPEST I1 code, 
a Fortran version of the SOFOCATE code, will be utilized to determine the 
thermal group cross sections for  AIM-^ and later transport calculations. 

of the following approximations: 
2) wiurins heavy moderator eqpation, or 3) a Maxweuian distribution. 
code will prwide cross sections averaged over the tabulated flux spectrum. 

AIM-6 is a multi-group diffusion code th& will replace 

Uso, the code being written in 

The 
I1 code will calculate a thermal neutron flux spectrcrm based upon one 

1) Wigner-Wilkins light moderator equstion, 
The 

Monte Carlo Calculations of koo for Wogen Moderated Systems of Three Percent 
Enriched U* 

As reported in the July report, a tracing of 1,000 neutron histories in a 
three percent enriched Uq system with a hydrogen-to-uranium ratio of 43.87 
indicated that the resonance capture in U-238 exceeded the expected value by 
a factor of two. 
data for IJ-238 stored on the HISMC data tape. This has been verified by a 
comparison of the resonance integral calculated from resonance parameters for 
U-238 and the integral determined from the cross section data on the HISMC 
tape. 

The difficulty appears to be due to inaccurate cross section 

A revision of these cross sections is presently being carried out to 

8m 
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ccrrect this difficulty in the cross, section data. 

Criticality Hazards Specifications 

1. Nuclear Safety in HLO 

A spe 1 ication waiver was appr’med for the Plutonium Metallurgy Opera- 
tion.cif The waiver permits the batch limits for the Balance and Mold 
Outgassing hoods to be increased from 4.5 Kg of plutonium metal up to 
7,O Kg for a special series of tests. 

‘20 Pcclear Safety - Training and Education 

Talks on nuclear criticality were presented to the Non-Metallurgical 
Materials Development Group, HLO, and to the graduate students of the 
1961 AM: Health Physics Fellowship Program. 

la.scellmeaes EXperiments for Nuclear Safety Specifications 

The analysis of the data frcm the measzprements in the PCTR of the limiting 
concentration, i.e., the concentration for which kap = unity, of a PU(N9)b 
solution has been cmpleted. 
encomtered in evaluating the effect of the stainless steel containers on the 
measured reactivities, 

As was reported previously, difficulty was 

A plct of A p versm the stainless steel thickness of the containment tanks 
was used to correct fhe vaies of A p for the effect of the stainless steel 
even though the long extrapolation makes the results doubtful. 
squares fit was then made to the three points used in the plot of A p versus 
stainless steel thickness, and the result of the fit agreed very well with 
The extrapolated me. The value of the limiting concentration (uncorrected 
for the effect of pLz-240 and nitrate) is 9.7 f 1 gm/le 

A least 

In order to correct this value for the effect of the P11-240~ Pc-241.~ asLd 

nitrate present in the solutions used in the measurement, machine calculations 
were &e wing the 9-Zoom ccde to determine the Uniting Concentration for 
the experimental sclution and for a hypothetical plutonium-239 water solu- 
tion. The ex-perimental -Jal%e for the limiting conceatration was reduced by 
an smaant eqaal 30 the difference in the twc calculated values to give an 
“experimental” vace of 9.1 i li.0 gm/l for the limiting concentration of a 
pi~toni;im-239 water solution. 

Coxsiderations are nCw 5em.g given 30 a measurement of the lirmting ccmcentra- 
ticn in the PCTR for a solid system. *;sing a mixture of plutonium mlde and 
plastic, since Pn shis case it wad rot be necessary to use stainless steel 
ccntainment tanks 

. 

(1) Lezter fPcIL, Po F. Gast tc T. C. Nelscn, Mzclear Safety Waiver - 231-2 
&iL3ing# Jey i?, 1961. 
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Mass Spectranetry 
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The heavy element ma86 spectrcrmeter for this program operated routinely through- 
out the month although about five operating days were lost due to real or 
scheduled irrternrptions of electrical and water service. 
were provided for ten plutonium samples for cm>. 

Isotopic analyses 

A series of measurements was completed on the isotopic analyses of five uranium 
standards. The results of these measurements were statistically analyzed to 
determine accuracy and precisian of analyses performed on this spectraneter. 
The systematic non-linearity of measurement of isotopic ratio was determined 
to be of the order of one percent for the extreme ratios of zero and infinity. 
A quantitative measure of variability of an individual measurement and absolute 
accuracy versus mass ratio was obtained. 

A serious difficulty was encountered in attempts to perform isotopic analyses 
on plutonium samples. 
sad unstable ion emission frcm the suurce. While the source of the instability 
was not determined a procedure of operation was developed which provided stable 
emission. 
grem loadings of plutonium samples using this procedure. 
procedure requires a much longer time per snslysis than a correspondkg uranium 
semple so that the sample capacity of the spectraneter is reduced for plutonium 
samples. 

This difficulty took the form of an extremely erratic 

Over a dozen analyses were perfoimed without failure on 0.05 micro- 
Unfortunately this 

Instrumentation 

Consultation continued on the tracer lathe control systems for CPD. 
cation of our new transfer function analyzer has enabled us to measure accurately 
the dynamic characteristics of the amplifier and valve motor. It is now possible 
to measure phase shifts of two degrees where previously 30 to 60 degrees was 
the limit of accuracy. 
characteristics of the remahlng parts of the tracer control system. 

Develaplnent and consultation for the Critical Mass Laboratory continued on a 
buckling measuring instrument, low frequency pulse generators for reactor pulse 
neutrcln tests, and a period calibrator for the reactor period meter. 
tenance engineering at the Critical Mass Lab concerned mostly the six channels 
of instrumentation used for reactor control. 

The appli- 

Additional measurements axe being made to determine the 

Main- 

A new control rod drive system also was proposed for the Critical Mass Labora- 
tory experiments. 
a magnetic clutch as a torque limiter and safety feature, and an existing 
selsyn system for the position indicator. 
Is Inadequate. 

The system will use a Thyratron-controlled motor as a drive, 

The presently used rod drive system 

NEU!!!Rc)N CROSS SrnION FBOGRAM 

Slow Meutron Cross Sections 

Measurements of the Pu239 fission cross section in the energy region pf 0.02 
to 0.05 ev were continued. 
reflection in order to study the accuracy with which order corrections could be 
made using standard filter techniques. 

These measurements were made using a Ge(ll7) crystal. 

The order corrected cross section 
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comparea with the expected shspe to withic the statistical precision of the 
data of about 2.5 percent. 

Slow Neutrcn Scattering Cross Sections 

The series of measlsrements to determine the spectrometer resolution and 
efficiency functions has been completed. 
corrections were obtained for neutron energies of 0.05, 0.10, 0.159 0.20, 
and 0.25 ev. 

Analysis of the measurements of the quasi-elastic scattering of neutrons of 
0,147 ev energy frcm water is still in progress. 
FIT nas been used to obtain best values of the magnitude and width of the 

The data necessary for background 

The ccrnputer program GAUSS- 

zssmd Gaussian quasi-elastic componerrt 
least squares. The study of the effects 
background is incomplete. 

FaTt Neutron Cross Sections 

The preliminary total cross section data 
source-time of flight technique with the 

of the scattering by the criterion of 
of uncertainties in the non-elastic 

obtained last month wing the pulsed 
Van de Graaff were subjected to 

analysis. 
reasonable cross section data for neLtron energies greater than about 10 mev. 
This effect resulted from the sharp peak in the Li(d,n)Be8 neutron spectrum 
at about lk mev. 
results in the region of the peak in the spectrum. 
cross section of aluinum from 3.5 to 10 mev were the only reliable data 
obtained. 
data of about 10 percent with values reported in the literature. 

In the preliminary measurements it was not possible to obtain 

' 

Instrumental instabilities caused a wide variation in 
Measurements of the total 

Same 55 points over this interval agreed within the accuracy of the 

The replacement of a faulty tube in the vernier chronotron during the month 
resulted in a great improvement in channel width stability. 
were made shared a constant channel wiath within 0.4 percent statistics for 
200 usable channels. 

Measmements which 

"he time-of-flight system was used to analyze a number of tritium targets pur- 
chased by Radiological Physics. The increase in magnitude of the neutron 
groups associated with the buildGp in time of deuterium and carbon on the 
r,arget,s was o5served. 

Instrument at ion 

.. 
The magnetic storage drum for the 1000-Channel Slow Neutron Time-of-Flight 
Analyzer arrived after numerous delays. Tests performed to date show that 

specificaticns are met or exceeded. 
now arrived. 
signed. 
selves and cf the $ha. 

All caponents for the analyzer have 
Read and write amplifiers for the magnetic drum have been de- 

A few wlli be fa3ricated fcr further Testing of the circuits them- 
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REACTaR DENELOPMENT - 04 PROGRAM 

The Critical Facility of the PRP 

Aletter has been written to PRTRO. 
which are being planned for the Plutonium Recycle Program - Critical Fscility 
by Nuclear Physics Research. 
experiments were also enumerated in the letter. 

This letter describes the experiments 

The preparations which are being made for the 

An order has been placed for a 5 curie (80 gram) Pu-Be neutron source for the 
PRPCF. price of $1125.00 and 
will have a neutron strength of appraximately 8% n/sec. The order was 
placed with Nuclear Materials and Equipment Corporation, Apollo, Pennsylvania. 

The possibility of procuring bismuth or lead-bismuth alloy tubes of various 
thicknesses for shrouding irradiated fuel elements that are to be tested in 
the PRP-CF has been -her investigated. Information has been received indi- 
cating that it is not feasible to extrude we bismuth. 
possibility of extntding a lead-bismuth alloy providing the bismuth content is 
not too high. 

The design &wings of the safety and control rods for the PRP-CF have been 
reviewed. 

m!rR startup 

The results of the startup experiments which were conducted during Series I11 
have been analyzed. ‘In addition, a summary which relates various Critical 
Test numbers, mltiplication numbers, period numbers, and fuel loadings to 
each other has been prepared for the Series I11 experiments. 

The source will be purchased at the st 

Huwever, there is a 

No problems are anticipated in extruding lead shroud tubes. 

Fabrication is proceeding on the basis of these drawings. 

A summy which relates the shim configuration numbers, dtiplication 
numbers, and the position of the shims to each other has been cmyiled for 
all the tests. 

Normalization factors have been measured for the string of BF tubes which 
were arranged vertically in the PRTR. 
vertical flux data. 
which best fit the data were obtained for the cases for which there were no 
shims in the reactor. 

These factors were use a to correct the 
The data have been plotted and f’unctions Y = A cos B(x-c) 

This set of results and summaries is being duplicated and wUl be distributed 
in the near future. 
possible corrections, this stage of the analyses is complete. The formal 
presentation of the results by the Physics Subcouncil remains to be done. 

Another set had been distributed earlier. Except for 

JAW mosure Plutonium Lattices 

a. Foil Normalization Irradiations 

An internormalization of the various detector foils used in the Pu-Al 
lattice experiments has been done on a rotator in a graphite core in the 

m 
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PCTR. The pupose cf this experbent. was twofold. 

i 23 i 

First, it is necessary to have such a normalization in a known spectrum in 
order to obtain information about counter efficiencies and foil geometrjr 
factors. This inforazation is needed for the work directed at obtaining 
the spectral vadatlon cf 1 + a which occurs upon poisoning a Pu fueled 
lattice in the PCTR. 

Secondly, a recheck was needed of the internormalization between a set of 
Pu-A1 foils used earlier in the lattice experiments in order to clear up an 
apparent discrepancy in the foil activity data. 

In addition, an internormalization was made between the various types of 
copper detectors used in the enriched uranium dioxide lattice experiment. 
These data are needed to correlate the flux traverses in the fuel, stain- 
less steel cladding and end caps, and copper poison. 

Spectral Variations cf (1 + a) for Pu-239 

Additid rk has been done during the month on determining the change 
in (1 + (rl2g? which occurs GFon poisoning a plutonim fueled lattice in the 
PCTR. Absorptioa and fission rates for Lu, Cu, Au, and Pu-239 have been 
obtained for Hwwitz flux and absorption spectra for the energy region in 
excess of 1 ev, In most cases these rates represent smaU corrections to 
the results obtained earlier for the energy region from 0.0 to 1 ev. 
corrections for energies greater than 1 ev have been obtained for the spec- 
trum-averaged values of cuJ weighted with the Pu-239 fission cross section. 

b. 

Similar 

Pu-240 Effective Resonance Integral 

Final specificatiom for the E-A1 rods for the E-240 effective resonance 
integral experiment have been delivered to Plutonium Fuels Development Operat ion. 
These specifications are %sed on a very precise mass spectrographic analysis 
by Ekperbental Nuclear Physics Operation of the EX and IX plctonium which will 
be used in the Pu-Al. rds0 

Spectral Matching by Reactivity Measurements 

Some experimenfal evidence has been obtained which indicates that it may be 
possible tc match tne neGtron flux and/or the adjoint flux ratios at the center 
cell and an adjacent bdfer cell of a semple lattice by means of reactivity 
measurements. 
neutron flux or the adjoint flu ratio at some point in the central cell is 
identical to the same ratic a3 a corresponding point in an adjacent cell, then 
the mismatch error in the inferred value of & = k, - 1 for the lattice is 
zero 

If a Lattice is Fzisoned to -at multiplication and if either the 

The measuements were &e in the PCTR using an aide-fueled graphite lattice 
poisoned to within akcct L percent of -init multiplication. 
of the 3 by 3 array was a three-Fiece unit consisting of a central test section 
and two end buffers.. 
multiplicationp there should be n; change in the reactivity of the PCTR when 
the central test section is replaced by a vacuum. 
plication was nct aactly -m-ity and, in addition., an air-filled cavity remained 

The center cell 

In the iueal case, if the lattice is poiscned to unit 

In this experiment the multi- 



when the test section was removed. 
observed when the poisoned test section was substituted for the &-filled 
cavity. 

Thus a reactivity change &( cell) was 

This change in the reactivity of the PCTR was first observed with the three- 

piece test cell positioned at the center of the 3 by 3 may. A full length 
Wer ce~ (camplete with graphite, fuel and poison) was next moved to the 
center position and the ccanplete test cell was moved to the unoccupied buffer 
position. The reactivity coefficient of the poisoned test cell at the buffer 
position was then canrpared to its reactivity coefficient at the central. posi- 
tion. 
at the center position matched to that at the buffer position and the other 
with the flux ratio purposely mismatched at the two positions. 
shown in Table I. 

This procedure was carried out for two cases, one with the flux ratio 

The results axe 

TABLE I 

Matched Case Mismatched Case 

&cell with Test Cell (3.08 * 0.05) f (3.39 f 0.05) f 
at Center Position 

&a with Test Cell 
at Buffer Position 

(3.02 f 0.05) f (4.18 f 0.05) b 

Gold Cd Ratio at 
Center Position 

Gold Cd Ratio at 
Buffer Position 

bbcu from 
Center to Buffer 

1.954 f 0.016 2.084 2 0.017 

1.967 * 0.016 2.230 2 0.018 

Change in Cd Ratio from 
Center to Buffer 

(0.7 f 1) $ (7 1) e 

A theoretical justification and additional. werimental evidence must be obtained 
- 

1 before it can be concluded that the equality,'(&cell)center - - (&cell buffer' 

is necessary and sufficient proof that either the flux ratios or adjoint ratios 
are matched. 

Neutron Spectrum Studies 

The Program LUW has, as its input, values of parameters which characterize the 
lutetium isotopes. 
a curve of spectral index versus the non-l/v parameter g and which fits a curve 
of resonance integra ratios RIet versus spectral index. 

have now been determined. 
were used. Each cume corresponds to a different assumption about hm the dis- 
tribution of slowing-down neutrons is joined to the Maxwellian distribution. 
In addition, the coefficients have been used to generate a table of values of a 

The parameters are coefficients of a polynomial which fits 

These coefficients 
RI, 

Four gifferent curves of resonance-integral ratios 
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particular function which facilitates hand calculations of spectral indices. 

Effect of Absorbing Rod on Neutron Energy Spectrum 

The study of the neutron flux near an absorbing rod with a Breit-Wigner resonance 
continued. 
code called ARMIE 111. 

in the vicinity of the absorbing rod by aboct 20$ at the resonance energy, when 
compared to the spectrum of a l/v absorber having the same law energy absorption. 

Rcund-off errors limit the usefulness of the program to values of E/T less than 
2‘ for a rod radius of 1.5 cm, with the maximum E/T increasing with increasing 
radius. 

The analytical solution to this problem has been programmed in a 
A sample case has been solved of a 1.5 cm radius Pu-AI. 

absorbing rod, 1. 
temperature of 

Pu-239 by weight, in a heavy gas moderator at a moderator 
. The .297 ev Pu-239 resonance depresses the flux spectrum 

Ccde Development 

The program which generates a 100-group cross section data tape from the RBU 
basic library has worked successfully on several de& runs. 
be used to make a more complete data tape to be used with the C-6 slowing dawn 
spectrum code. As a result of this work to obtain cross sections for C-6 from 
the RBU data tape, a code now exists which will obtain either group averaged or 
point cross sections given a completely arbitrary array of energies. 

The code will soon 

GE-ANPD Nuclear Data Tapes 

Copies of the GE-AFJPD 19-level and C-Fine nuclear data tapes have been made 
available in the Hanford 7090 tape library. 
the microscopic cross sections us, 5uS, ut,, ua, and vuf, and the corresponding 
macroscopic cross sections for a variety of isotopes, elements, compounds, and 
alloys at 19 epithermal energies from lo7 to .0253 ev plus Wellian averaged 
them group cross sections at 68 F, 500 F, 1000 F, 1500 F, 2000 F, 2500 F, 
and 3000 F. 
tions for certain isotopes and elements using several thousand epithermal 
energy levels to portray the resonance detail generated by the Breit-Wigner 
single level formulas. 
APEX-515, XDC 59-ll-72, and XM: 60-6-148. CF1 
has 2759 epithermal levels; CF2 has 3615 epitheraal levels; CF3 has 4968 epi- 
thermal levels; each has thermal cross sections for the same seven temperatures 
as on the 19-level tape. The contents of the C-Fine tapes are shown in Table 
1: 

The 19-level data tape contains 

The C-Fine data tapes contain the same five microscopic cross sec- 

The contents of the 19-level tape are described in 
There are three c-Fine tapes: 

mu 
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mterial 
NO. 

7 

8 
9 
10 
u 
I2 
13 
14 
15 
16 
17 
19 
20 
21 
23 
42 
43 
44 
45 
46 
47 
48 
S2 
54 

.55 
56 
57 

TABLE 1 

Contents of C-Flne Tapes 

Elenent or 
Isotope Cp1 - 

u-235 X 
a(-> X 
0 X 
Be X 
U-238 X 
FictitiUm X 

Accumulation X 

(U,=lJ ua=oJ A = =) 

C 
Al 
U-234 
U-236 
Fe 
Ni 
Cr 
p. 
m 
Y 
MI 
. co 
TI 
Mo 
U-6 
u 
B- 10 
B 
Xe-135 
W 
Th-232 
SUI-149 
SUI 
Eu 
Gd 
Pu-239 

X 
X 
X 
X 
X 
X 
X 
X 
X 

I 

ClQ 

X 
X 
X 

- 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

The tape identifications in the 7090 library are shown in Table 2: 

_. I 

Hw-V 

CF3 

X 
X 
X 
X 
X 
X 

X 

- 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Reel 
LOC . - NO - 

TABU 2 

ANP Tape Identifications 

3671 
2028 

3091 
1642 
2294 
3845 
399 5 
3933 

981 
982 
983 
984 
985 
9% 
987 
988 

Name - 
l9-level Hi-density 
19-level Lo-density 
CFlA Hi-density (Master CF1) 
CFlB Hi-density (working copy CFl) 
CEA Hi-density (Master CF2) 
CF2B Hi-density (working copy CE2) 
CF3A Hi-density (Master CF3) 
CF3B Hi-density (working copy CB) 

The 19-level nuclear data tape is required for running ANP program e, a one- 
dimensional, multi-energy slowing-down dif-ion calculation (see below). The 
C-Fine tapes are used with ANP program C-Fine, a slowing-down calculation with 
fundamental mode buckling to account for leakage, and ANP program RAPT, which 
computes group averaged albedos for rod, annulus, or slab geometry. 

A comparison of data on the ANP tapes with data processed from the RBU basic 
library will be necessary to determine where inconsistencies exist. For 
compatibility, agreement of the epicadmim absorption and fission integrals 
for infinite dilution skould be a minimum requirement. 

This program, a one-space-dimension, multi-energy, slowing-dawn diff’usion cal- 
culation, was obtained frm GE-ANP and has been checked out on the Hanford 7090. 
It solves the coupled slowing-down diffusion equations. 

and 

in slab (Ad), cylindrical (A=l), 
are piece-wise continuous, but UP 

and spherical (Ad) geometry. 
to 50 material regions may be described. 

Cross sections 
The 

spatial solution, using standard difference techniqiies, wiii accommodate up to 
500 lattice points. 

Two slowing-down models are 
Coveyou-Macauley (or . Cross sections 

faces and energy-dependent albedos are provided at the inner 

are read from the ANp 

atomic densities or volume fractions to form the regional macroscopic cross 

Continuity of flux and current is assumed at material inter- 

modified age 

and cabined with the appropriate 
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sections. 
spatial distribution of fission density normalized to a volume average of 
unity; the flux and slowing-down density at each level as a function of 
radius; two-group activation integrsls as a function of radius; and few group 
constants for each region. Typical rturning time will be around five minutes. 
The program requires tape units A-L, A-6, and B-5 for scratch tapes and reel 
3671, location 981, (19-level nuclear data tape) on A-5. 

The program wtput consists of the fission eigenvalue, k; the 

The first three test cases for the Monte Carlo have produced excellent neutron 
flux spectra in the thermal region, using 89 improved flux definition. 
particle loss associated with floating number tnincation has been corrected by 
a half-word rounding routine. 

A 

An infinite hanogeneats mediun of %O, U-235 has been simulated as a separate 
test case for the combined Monte Carlo, diffusion and burnup codes. 
for this case have yet been obtained. 

Mo results 

Discussions concerning the use of measured differential cross section data in 
the Monte Carlo were held with personnel of Phillips Petraleum Co., Atcanic 
Euergy Division. Assistance was given them in setting up an MIlR test problem 
for RBU. 

Mxw 

The MKW code has now been completely debugged and modified for increased speed 
of operation and reduced input preparation requlrements. 
is cross section data in the form required for MELEAGER input. 

- 

The oEtput of the code 

Minor changes were made in the reac+,ivlty initializer su5routine to facilitate 
its use in the "Cm MEUAGER" code. 
and Pure, linked together in such a manner that the physics results frm MELEAGER 
are the input for the economics codes, 

The chain consists of MELEAGER, Quick, 

Instrumentation axxi Systems Stuiies 

A 200-channel gamma analyzer was moved to PR"R to facilitate studies and cor- 
rective mea~ures concerning the PRTR Fuel Failure Monitor. 
now being checked to determine if there was damage inarred by the movement to 
PRTR. 
well. 
the input scan mitcfi is Sew changed. 
on the system can begin in a mmth, 

- 

!!%e analyzer is 

Suggested modifications fcr the me1 Failure Monitor are progressing 
Probe terminations have been changed, cooling fans were installed, and 

It is estimated that perf'crmance tests 

A prototype general purFose scsler for the PRCF was fabricated and tested. The 
design was developed to fill the need for a siinple, dependa3le- ?xt fast scaler 
for routine countinq tasks. The present prctotme features nixie readout, 
printer readoGt, one microsecond pulse pair resolving time, and all solid state 
or cold cathocie tube circuitryo 
are used. 

Whenever pcssible, cmmercially available module, 
The expertea cost is less than $1.000. term reliability tests 



will be started soon. 

Occasional assistance is being given in the adjustment and testing of the 
periscopes in the PRTR fie1 examination cell.. 
changing of the desim drawing to A6 Uts is being organized. 

A circuit malf'unction in one of the sensing units of the PRTR gas annulus 
measuring equipent necessitated replacing both eddy current sensing coils 
in the defective Ut. After the coils were replaced, the calibration was 
checked and the instrument found to be functioning properly. Design of a 
new probe assembly which can accommodate a 0.9-inch-diameter borescope is in 
progress. 
testing is reqcired to select the design most capable of providing the required 
mechanical stability. 

Information regarding the 

Several possible designs are under consideration but further mockup 

Fabrication of the atrasonic probe assembly to be used in measuring the wall 
thickness of the PRTR process tubes is appraximately 95$ coItrplete. 
tion progress was hindered considerably this month when the transducer holders 
were sent to Technical Shops to be silver soldered into the probe body, and 
were welded instead. 
four holders be almost ccrnpletely re-machined to restore the required dimen- 
sional tolerances. 

Fabrica- 

The extreme warpage which resulted required that all 

A preliminary stw of the dynamic characteristics of the PRTR deaerator 
has indicated that the original design specified cmponents which wmld not 
provide a stable system. 
for further stw. 
hour checkout on the comwterwas obtained late in the month and two problem 
areas in the simulation detected. 
in obtaining approx-te controller settings. 
time constant of the valve controlling stem to the deaerator to be important. 
This time constant is most likely too long at present. As yet no information 
on valve constants has been provided by PRTR engineers. 

The system is being simulated on an analog computer 
A one- The f'ull problem has been programmed and patched. 

A sinrple model has been derived for use 
The simple model shows the 

The PR!l!R Gas Balance System Stability study has not yet been completed. 
on the gasometer dunping was continued. 
ing friction should be used to obtain fully satisfactory results. A circuit 
which will simulate both these types of friction has been designed. 
will be made to incorporate this circuit into the full simulation as soon as 
caputer time is available. 

Work 
It appears that both static and slid- 

An attempt 

Two analog mas were made on the EASE computer of PRTR critical facility 
power exairsions for the purpose of hazards analysis. 
was the same as was used for previous studies. 
memory and automatic computer mode switching, enabling the simulated reactor 
to undergo power excursions of eleven decades without the necessity of reading 
out the values of the delayed neutron groups and the fuel temperatures at the 
end of each 3wo decades. 

The analog circuit used 
The circuit includes analog 

It is estimated that the use of this technique 
resulted in a total computer operating 
in the use of the conventional met'nd. 

time about one-faurth of that necessary 
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An Investigation into the use of "Phoenix Fuel" for water-moderated cmpact 
power reactors has been started. 
Phoenix FUel can be designed to have relatively fast reactivity mes Over a 
substantial. portion of the reactor operating life time. 
reactivity behavior can, however, a,lso be achieved by the use of self-shielded 
burnable poisons in fully enriched, U-235 systems. 

It has been reported that reactors employing 

Such favorable 

While there are same obvious disadvantages to the use of Pu fuel elements, three 
possible 
might be 

1. 

2. 

3. 

advantages of Phoenix Fuel as &anpared to self-shielded burnable poisons 
realizable. 

Since self-shielded burnable poison specimens occupy substantial 
volume, a core using moenix Nel should have more "fuel meat" 
volume available. In small, alloy cores, which are fuel limited, 
this might be an important advantage. A corollary effort is also 
the availability of more heat transfer surface in the core employ- 
ing Phoenix mel. 

The temperature defect in small, water-moderated cores employing 
self-shielded poisons is very large requiring the availability of 
extensive control rod blading to canpensate for this reactivity 
defect. A core cantalning Phoenix Fuel could have a substantially 
smaUer tarperature defect and should, therefore, show an over-all 
reduction in control requirements. 

The Xe-135 defect in a core employing plutonium should be somewhat 
less than in the f'ully enriched core, implying a f'urther reduction 
in control requirements. 

A canparison of the two cores based solely on control rewements is, however, 
not sufficient. In addition, the control rod worth in the two cores aut be 
ascertained. This problem is presently under investigation. 

mEuTRON FLUX MONITO[RS 

With assistance fran Operations Research, a cmputer program was designed 
specifically for detelmrining optimal Pu nuclide detector composition. 
inputs to the computer code consist of effective cross sections for capture 
and fission of each nuclide and estimates of the relative amounts of each 
nuclide required. 
displays a set of compositions which are the best possible for a stated time 
interval and a given latitude of sensitivity variation of the detectors to 
neutrons . 

Required 

The output of the program code consists of a printaut which 

The code was satisfactorily tested against one case of optimized detector 
canposition which was determined in a manner independent of the present code. 
Subsequent use of the code wFll consist of verifying or improving canposition 
for actual tests. The code can also be used as a means of determining detector 
canposition for a particular in-core location for any reactor for which the 
in-core detector is applicable. 
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Additional equipment has been received and personnel assignment changes have 
been made so that active investigation of several possible new micrcwave tech- 
niques for in-core flux moriitoring may begin next month. 

NONDESIIRUCTIVE TESTING RESEARCH 

Electromagnetic Testing 

Detailed procedures have been atlined for designing and calibrating an 
instrument for detecting small individual parameter excursions in the multiple 
parameter eddy current test method being developed. 
on the experimental determinatioa of the loci of the response vectors in some 
orthogonal signal space as the parameters are varied, one at a time. 
the projections of these loci on the coordinate planes are used to compute a 
transformation to oblique coordinates aligning themselves with the tangents 
to these loci; then the instrument is experimentally calibrated to read out a 
parameter variation along each coordinate. Though this method is suited to 
aqf orzhogonal basis, the first werimental work is being done using the four 
dimensisnal space provided by the sine and cosine components of two separate 
probing frequencies canbined in one probing signal. 

The assembly of test eqcipment for checking these procedures using a simulated 
test specimen is essentially complete. 
100 KC and 10 KC generators, (2) a power amplifier for test coil excitation, 
(3) the simulated test coils and test specimen, (4) an amplifier, (5) band- 
pass filters for the 10 KC and 100 KC signal components, (6) a 100 KC 360 
degree phase shiftiw device, (7) commercial amplitude-phase detectors, and 
(8) sud.ng circuitry to pmvide the required transformation of signal coordi- 
nates. 

These procedures are based 

Plots of 

The equipment includes (1) synchronized 

The test c~ils and test specimen are being simulated using a multiple loop 
type model comprising an exciting coil, a sensing coil, and four coils having 
series plug-in resistances. 
mounted coaxially in fixed Fcsitions. A second set of coils closely matching 
the fFrst set is used in conjunction with the first set to giTre a near null 
signal Gutput for chosen nmnal valides of coil loading resistances. 

Measurements are now being made, varying one parameter (series ccil resistance) 
at a time, frm which the transformation to the new coordinate system can be 
computed. The summing circzitry fcir instrumenting this transformation is 
complete except for fou isolating amplifiers, which are nm being wired. 

The six coils are of equal diameter and are 

Follming the evaluation Gf these procedcres using the simulated test speci- 
men, tests will be made using laminated metal specimens. 

Heat Transfer Testina 

A possibly new type of instrument fcr quantitatively mapping the value of a 
variable on a two-dimensional svzface has bee2 developed. 
tion will be in producing area maps of fie1 element surface temperature during 
heat transfer testxng. However, it shacld also be possible to apply the instru- 
ment in eddy .mrrent an6 Ltrasonic studies .. Valces of the variable being 
mapped are displayed as lengths of line sements plotted in positions on the 

The first appliza- 



map which correspond to positions on the fuel element surface. 
lines are equally spaced, regardless of length. Hence, the map appears dark 
in regions where the temperature is high, since the line segments are longer, 
and light in low temperature regions. 
well as a quantitative readout is thus obtained. The first prototype has been 
tested using simulated heat transfer test signals. Performance was satisfac- 
tory, and the first model for heat trsnsfer testing applications is being fab- 
ricated. 

Centers of the 

An immediate qualitative picture as 

Research aimed at develganent of a new tyye of emissivity independent radiaueter 
suitable for recording rapid changes in surfaces has continued. The basic 
instrument principles are described in ~~-68$74. 
sources for use with this instrument is under way. 

Evaluation of various auxiliary 

Zirconium Hydride Detect ion 

The resistivities of Zircsloy-2 samples containing 13ydrogen concentrations to 
l~,OOO ppn (by weight) have been measured to experimentally determine the rela- 
tionship between resistivity and hydrogen concentration. 
probe method was employed for the measurements. It was found that the resis- 
tivity of ~ircalay-2 at 25Oc for zero concentration of hydrogen is 73.2 micro- 
ohm-an for the particular samples being used. In earlier Hall effect measure- 
ments, using the sank samples, the absolute value of the Hall coefficient 
changed by a factor of greater than three within the range of 0-1000 ppm hydro- 
gen concentration; whereas in the resistivity measurements, the absolute value 
changed only: four percent between Zero and 1000 ppn hydrogen. 

An a-c potential 

Abwe 1000 ppn hydrogen concentrations, the resistivity increases appraxi- 
matdy linearly to the value of 81.6 micro-oh-cm at 15,000 ppm hydrogen. 
The application of resistivity measurements to determine hydrogen concentra- 
tions for concentrations above appraximately 1000 ppm appears prcnaising; hm- 
ever, first the effects of alloy variations on resistivity would need to be 
established . 
An eddy current method for detecting localized areas of hydriding is being 
investigated. 
first. Alocal area of hydriding should cause a change in the resistivity 
and a resultant imbalance in the probe. 

A pulsed technique using balanced probes will be examined 

A report describing the Hall effect measxfements has been completed by 
W. G. Magnuson, Jr., titled "Effect of Low Bydrogen Concentrations on Hall 
Effect in Wrcaloy-2", aw-70612. 
2241, under the same title, has been submitted for possible publication in 
Physical Review Letters. 

A condensed version of this report, W-SA- 

USAEC-AECL COOPERATIVE PROGRAM - Nondestmctive Testing of Sheath Tubing 

Definitions of test variables, descriptions of the current status of sheath 
tube testing, and summaries of relevant experimental and analytical work were 
completed in rough draft form. 

The mechanical apparatus for experimental ultrasonic studies is 954 designed 
and lC$ fabricated. The part being fabricated inclucies features for manually 
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clamping and rotating flat and wed Zircaloy plates. 
soon on a test tank and associated drive mechanisms similar to those used by 
Canadian GE for production testing of tubing. 
favorable mechanical system for our first prototype. 

Fabrication will start 

This appears to be the most 

A Curtiss-Wright limerscope will be used initially for the electronic portion 
of the prototype. 
are being evaluated. 
factory specifications. 

The electronic and ultrasonic limitations of this instrument 
A preliminary check determined that the instrument meets 

Several series of reference "defects" in tubing are being fabricated by the 
Structural Materials Operation for use in the experimental studies. 

PHYSICAL RESEARCH - 05 PROGRAM 

Mechanism of Graphite Damage 

Measurements of electron radiation damage to graphite continued. 
were made for making annealing studies of resistivity changes in graphite up 
to a few hundred degrees centigrade. 

Preparations 

BIOLOGY AND MEDICINE - (26 PROGRAM 

Atmospheric Physics 

In Air Force supported programs, the first series of diff'usion experiments at 
Vandenberg Air Force Base, California, was cmpleted on August 4. A total of 
fifty-two field trials were conducted using the Hanford Fluorescent Tracer 
Technique, of which forty-two were subjectively assessed as successful, five 
were marginal, and five were poor. 
experiments ranged frm strong atmospheric stability to strong atmospheric 
instability with a range of wind speeds, and several instances of fog. 

/ 

Meteorological conditions embraced by these 

New infomation was obtained on diffusion and transport over rough coastal 
terrain. Preliminary Uyses of the data showed that the tracer material 
passed over the ridges during unstable conditions but followed the valley con- 
tours during stable conditions. Measurements in constrictions in valleys 
showed that the air flow accelerated in the area of convergence with the 
tracer plume becoming narrower in these regions. 

All of the exposed filters were received at Hanford and were processed on the 
Hanford developed assayillg equipment to determine the mass of zinc sulfide 
material collected on each filter. Data collected during the earlier test 
series at Cape Canaveral, Florida, were forwarded to the Air Force for further 
analysis. 
not yet been received from the Air Force. 

Meteorological data collected in support of these experiments have 

A research team from the University of Michigan arrived at Hanford during 
the second week of August to operate their raindrop spectrometer in conjunc- 
tion with our experiments with precipitation scavenging of airbcrne particu- 
late material from the atmosphere. The raindrop spectrometer was installed 
and Hanford personnel trained to maintain and operate it for use during the 
fall rains. An artificial rain source located atop a ninety-foot pole was 



used for cher_kinn equipment and procedures and for conducting experiments to 
determine the scavenging efficiency of individual raindrops on zinc sulfide 
particles. 
Data fran this experiment were being reduced at month end. 

Only one successful experiment was completed in one week of trials. 

Two stable diffusion experiments were conducted during the month, both of which 
were successful. 
collection placed on towers 3200 meters' distance frm the source showed pro- 
nounced differences in tracer arrival and departure times at different eleva- 
tions during the experiments. 
to transient changes in atmospheric stability were evident. 

Additional samplers providing time resolution of particle 

Also, changes in height of the tracer plume due 

DOSIMETRY 

Our previous studies of detection of the bremsstrahlung from P-32 in vivo 
indicated that maximum counting rates were obtained Over the subject's chest. 
Later studies shared that background counting rates in this position had wide 
variations between individuals. 
counter was placed over the subject's head. 
vsriations in the background countixig rates are very much smaller. 
be that these smaller variations Will compensate for the reduced sensitivity 
in this position to make it the desirable counting location. 

Studies were begun in which the bremsstrahlung 
Initial results indicate that 

It may 

Five different arrangements of scintillation counters were studied for use in 
measurement of 1-131 in humans. The best arrangement appears to be a pair of 
2" x 2" or 3" x 3" NaI crystals placed close to the thyroid gland. 
mated that activities as low as 30 pc could be detected reliably in this way. 

While trying to make an array of 1/3" x 2-1/2" NaI crystals for low energy 
gamma ray detection it was found that the crystals could not be matched because 
of different absorption in the crystal containers. 
obtain matched crystals. The background pulse spectrum fra these counters 
shows very clearly the effects of lead X-rays produced in the lining of the 
whole body counter cell. 

It is esti- 

Attempts are being made to 

The counter that has been in use for the detection of plutonium in wounds for 
the past three years failed. It was found that the crystal had turned yellow. 
A new crystal was found. It had a better reflector than the old one which re- 
sulted in better resolution of the plutonium X-rays and also permitted better 
measurement of the 6 kev plutonium X-rays. Measurement of the latter has al- 
ready been shown to be useful in determining the depth of the plutonium in the 
Wound. 

. 

Training of a member of the Colorado State Public Health Department in whole 
body counting studies was completed. 

The mamger, Radiological. Physics, attended a meeting of the ICRU ad hoc cam- 

mittee on quantities and units held at Copenhagen, Denmark. The committee 
completed a report for submission to the ICRU. He also visited whole body 
counting laboratories at Lund and Stockholm, Sweden and keds a.nd -ell, 

E$gland. The Swedes are much interested in high levels of Cs7137 found in 
Laplanders and attributed to high activities in reindeer meat. His body 
burden of Cs-137 was observed to have increased by 2 nc during the trip. This 

., - .. 

i 
- 

123319b 



B-27 m-7 P 
was attributed to a meal of reindeer meat that he ate. 

The positive ion accelerator operated satisfactorily during the month. 
controller based on an incremental potentiometer was installed that automati- 
cally controls either a source holder or an instrument positioner. 

A 

The neutron time-of-flight system was used to study the contamination of 
tritium-titanium targets. 
neutrons from reactions with the tritium but also same fran reactions with 
deuterium in surface layers on the titanium or inside the platinum backing 
of the target and from carbon deposits on the surface of the targets. 
sme cases the contamination produced about half the total number of neutrons 
released. There were wide differences between different targets and between 
different points on the same target. 

When bcnnbarded with deuterons these targets shared 

In 

Tests made with internal Fu-Be sources on the new precision long counter that 
was just delivered show this counter to agree with the original one to within 
0.2 percent. 

Development was completed of an IBMmethod of analyzing inverse square experi- 
ments. All of the existing data for the precision long counter were recal- 
culated by this method. The elimination of personal bias resulted in slightly 
higher estimates of uncertainty in some of the results. The rate of growth 
of the neutron emission rate frm the standard Pu-Be source used internally 
in the precision long counter was changed frm 2.6 f 0.2 percent to 2.1 f 0.5 
percent per year. 

Attempts are being made to persuade NuMEx=, the present supplier of Pu-Be 
neutron sources, to set aside 1500 grams of high purity Pu-239 for making 
standard neutron sauces. It is hoped that isotopic and calorimetric analyses 
can be made of this material periodically for a number of years. 

Together with Ecternal Dosimetry Operation, a study was made of the angular 
response of neutron film badges. 

Precision long comter and double moderator measurements were made on five 
plutonium sources supplied by 0. 

The activation of the Sb-124 source was campleted and the source was placed 
in the gamma ray calorimeter. 
a considerable time. 
measurements for comparison with mass spectrometer isotopic measurements. 

The half life measurements will extend over 
A plutonium source was fabricated to permit calorimetric 

Except for commercial chart recorder troubles, the complete experimental 
prototype alpha coincident-count air monitor operated satisfactorily for the 
month. Tests, again, indicate that the system will alarm properly for alpha 
air concentrations of 2 x 
even under high Radon-Thoron conditions. The system will. be ready for field 
tests after the recorders are satisfactorily repaired. 

pc/cc of Pu239 within six to eight minutes 



one experimental. prototype pocket-size ionization chamber register indicating 
dosimeter was cmpleted and tested throughout the month. 
modified "pencil" dosimeter, transistorized pulse circuitry, a miniature 
register, and a capacitor chamber voltage supply. 
the Quartz fiber touches an incorporated quartz rod which automaticslly re- 
charges the pencil and produces a pulse. 
register. Tests indicate that each register unit equates to about 10 mr accumu- 
lated gama dose. 
beta or neutron sensitive, neutron and beta dose information can also be obtained. 
0rd.y a different pencil dosimeter is needed for arch use, as the basic circuitry 
is adequate for any such applications. 
fabricated, including one for fast neutron use. 

This unit uses a 

As the pencil discharges, 

The pulse is amplified to drive the 

By use of other types of modified pencil dosimeters, such as 

Three more prototype units are to be 

Development work was coxupleted on the alternate type of pocket dosimeter which 
uses a modified pencil dosimeter wherein the quartz fiber is illuminated by a 
tinyllght. As the fiber moves during discharge, it passes a machined slit in 
a metal cover. This effect causes a pulse in 8 detecting Cds cell, and the 
pulse, through transistorized circuitry, then activates a resonant air column 
annunciator. Proper charging of the pencil dosimeter, with a standard WO 
pencil charger, can then be used to selectively produce an alarm for any desired 
accumulated dose level frm 10 mr to 200 mr for the standard pencil unit. 
second CaS cell is used in the unit to balance aut temperature. effects of the 

Laboratory tests, to date, have been satisfactory. 

Continued development was made on a new type of transistorized pulse height 
analyzer circuit. 
use of the unit frcxn O°F to +1b0F. Such a range will permit application to 
field use instruments as well as laboratory types. 
included that of stabilization of a number of law parer scaling circuits for 
portable field instrument use. 
an experimental. field instrument for use by Biology personnel. 

Discussions were held with interested Biology Operation personnel concerning 
an instrument devel-nt 'system to completely automate the Biology Operation 
CoUntlng Room. 
analyzing counting systems now used. 

A 

' one detecting Cds cell. 

Temperature compensation circuitry was developed to permit 

Other circuitry work 

These circuits, with others, are being used in 

A proposal. was made to include most of the detection and 

An experimental prototype background suppression beta-gama combined hand 
and shoe counter, clothing monitor, and backqrmnd monitor was completed, 
tested, and installed at 105-D for demonstratioc. and field tests. 
date have been satisfactory, with the unit able to dekect and alarm on stan- 
dard Ra (D-E-F) smrces eve2 under high background conditions that "swam.p 
out", or render cmpletely ineffective, the standard "FNEFOI9" WO haad 
and shoe counters. 
and is cconpletely transistorized. 
servatively, proved to be a factor of five better for hand and shoe monitor- 
ing than is the standard HAP0 "FIVE-FOIS". 

Tests to - 

The new prototype unit uses all scintillation detectors 
In tests to date, the new unit has, con- 

A noise suppression circuit for use with low-level, low-energy photon and 
X-ray detection systems was partly cmpleted In development. 
started with breadboard circuitry. 
tive polarity noise signals and renders the regular ampliflier ineffective 
for this signal.. 
and negative polarity characteristics;. whereas the desired signal is only 

Tests were 
The circuit uses a gate to detect posi- 

It has been noted that noise has, typically, both positive - - 
1236198 
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negative. 
the signal-to-noise ratio. 

Thus, proper gating should tend to reduce %he noise level and imprcve 

Using a new fabrication procedure, eight experimental silicon surface barrier 
diode detectors were fabricated and tested. For the smaller units of about one 
cm2 area, resolutions (full width at half maximum) of about one percent were 
obtained for 5.48 MeV alpha particles. 
tained for three cm2 area diodes. 

Resolutions of two percent were ob- 

Definite improvements were made in the transistorized circuitry for the scintil- 
lation combined alpha, beta, gamma experimental hand and shoe counter. Transis- 
torized scaler units were substituted for the registers previously used for the 
alpha channels, since the long dead time of registers effectively reduced the 
alpha detection ability. Using the scaler units, for a 500 d/m Pu239 source 
distributed Over a 4-x-8-inch area, the indicated sigmL-to-background ratio 
was 8:l for a 15-second counting period. 
be detected and indicated above normal background levels. 
ment factor of 3:l Over the previous system. 
standard 22,000 d/m Ra (D-E-F) source distributed over a 4-x-8-inch area con- 
sistently produces a signal-to-background ratio of 3:l or better. 
tests, the instrument will be taken to Pura for demonstration and field tests. 

Thus, 100 d/m of Pu239 can easily 
This is an improve- 

Fbr the beta-gamma channels, a 

After further 

Tests were made, in cooperation with.Atmospheric Physics, concerning a new 
field type of zinc sulfide particle detection system for use in air particle 
transport studies. A combination heating and ultraviolet light activation 
system was employed to enhance zinc sulfide particle light emission detected 
with a phototube. 
activation indicated correct operation; however, the efficiency of detection 
was less than one percent. 
originally proposed idea of using a combination heater and ultraviolet light. 

General field tests wing only the LLtraviolet light for 

.A new unit is being designed to incorporate the 

The Automatic Film Densitometer System modified and developed for Radiation 
Protection Operation was completed, tested, and delivered. All system portions 
develop& by Nucleonic Instrumentation have performed correctly. 

Extensite modification effort was started concerning the HLO Radiotelemetry 
System consisting of 19 data stations, a repeater station, and the central 
station located at the Atmospheric Physics building. 
have consisted of chopper input charges, power supply modifications, 400 cps 
generator changes, and same temperature stabilization. One mdified data 
station is ready for field test. In addition, the wind charger units are 
being considerably modified for better performance. 

Principal modifications 

Advice and assistance was rendered to Atmospheric Physics concerning the spec- 
trometer instrumentation used for determination of raindrop sizes 

The Ampex tape transport mechanism purchased by Atmospheric Physics Operation 
was shipped with the wrong type of record-playback head assembly. A replace- 
ment assembly was received and installed. 
then tested, using electronic cmpcnents from the analog computer tape delay 
units. Satisfactory operation was obtained. 

The tape transport aechanism was 

Atmospheric Physics Operation requested assistance in determining the feasi- 
cost of transmitting meteorological data from the present location 
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to a proposed new site. 
and a raugh cost estimate was suhnitted. 

Transmission of the data was found to be feasible 

W-GTOX? DESIGmATED PROGRAM 

Isotopic Analysis 

The mass spectrameter far this program provided isotopic analyses for program 
samples and calibration stbds according to goal schedules. Approximately 
five operating days were lost due to real or scheduled interruptions in water 
and electrical service. 

Isotopic analyses were provided for four plutonium and uranium samples for F~D 

and Plutonium MtUlJrgy. 

REAcTaR OPERATIomS 

Operation of the €CTR continued routinely during the month and there were no 
unscheduled shutdams. Most experiments were on a two-shift basis. 

The Investigation of the PCTR & measurement technique was nearly completed 
during the month. 
of the Massachusetts Institute of Technology. It is the first time work in 
the PCllR has been done on this basis. 

This experiment is being done by a consultant on the staff 

The coarse face position indicator equipment was designed and ordered, and 
should be ready for installation during September. 

Two foil irradiations for calibration of Lu@ foils were made in the TTR dur- 
ing the month. 

Weather Forecasting and Meteorological Service 

Consultation service was rendered on meteorological and climatological aspects 
of 1) NPR containment, 2) NPR emergency systems, 3) large electrical transformer 
operation in desert regions, and 4) exterior pipe and vessel painting schedules 
for fall months. Precipitation summasies were prepared for Radioecology studies. 

Type of Forecast 

8-Hour Production 
24-Hour General 
Special 

Number Made 

93 
62 

194 

$ Reliability 

87 .O 
86 *9 
89.7 

A temperature average of 80.2 established the past month as the hottest August 
of record. This replaced a previous mark of 79.4 set in 1958. 
ILL3 on the 4th wa8 three degrees higher than any previously observed August 
temperature and was only two degrees under the all-time record high of 115 ob- 
served in July, 1939. 
the 19% observations, registered a high of I20 on August 4 this year. 

A maximum of 

100-F Area, which more nearly approximates the site of 
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Lightning strikes on the 14th and 15th started 
as thirteen separate fires were counted during 
of the 14th. Altogether, there were more than 

numerous grass fires. As many 
one observation on the evening 
sixty fires which burned an 

estimated 30,000 acres of the Hanford reservation during a three-day period. 

Instrumentation and Systems Studies 

Considerable effort was expended concerning the Columbia River Monitor for 
RPO, HLO. 
the very law radiation levels being monitored (0-50 micro-roentgeas/hour ) . 
Noticeable improvement was apparent with the water jacket. Mew wiring, 
signal cables, and input si@ networks were installed. 
was installed on loan to replace one defective amplifier in the system. 
only real problem remaining is that of the apparently unreliable ll0 VAC power 
situation at the monitoring hause. 

The experimental Field Instrument being designed for Biology Operation was 
completed in fabrication and is now being tested and slightly modified for 
field use- 

Two probes were water-jacketed to improve phototube stability at 

A new DC amplifier 
The 

Fabrication was continued on the electronic circuitry and detector portion 
of the Automatic Laundry Monitor being designed for the Laundry Operation. 

Fabrication continues in the 328 Electronics Shop on two prototype transistor- 
ized miniature GM eurvey meters with both count-rate meters and resonant air 
column "speakers" for RPO, HLoo Fabrication also continued on two miniature 
"palm-size" gross alpha transistorized monitors using silicon diode surface 
barrier detectors for Flnished Products Chemical Technology, CPD. 

Modification effort continued on the FPD uranium surface contamination moni- 
tor for NPR fie1 elements. 
to provide better sensitivity. 

Efforts are being made to reduce the background 

Calibration of micro-displacement systems to be csed by Physical Metallwgy 
Operation for in-reactor creep measurements has continued during Angut. 
Analysis of calibration data obtaineci during evaluation of a Schaevitz 
DRS-100 system has been cmpleted and the results incorporated into the evalxa- 
tion report, Physical Measurements Memorandum 61-18. 
f ollms : 

A summary of results 

Function 

0.3 inch range 

Indicator 
Recorder 

0.04 inch range 

Indicator 
Recorder 

0.004 inch range 

Linearity+ Reproducibility+ 

f 1.124 

f O*?O& 

f 0.66% 
* 0.46 
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The over-all system perfonnance, in addition to the requirement of transducer 
accessibility for periodic alignment purposes, indicates it would be inadvisable 
to incorporate the Schaevitz Engineering DRS-100 readout system into the present 
"sealed-cqsule" in-reactor creep measuring program. 
now been converted for use in calibrating a new Physical Science Corporation 
O.O3O-inch-range transducer, but actual calibration has been delayed pending 
dellvery of the readout system, a physical Sciences Electrcmicrmeter. 

The reference system has 

optics 

Atotal of 520 man-hours of shop work was performed duriag the five-week period 

(;ruly 30 

1. 

2. 

3. 
4. 
5. 

. 6. 
7. 

8. 
9. 
10. 
u. 
l2. 
13 
14. 

to September 3) included in this report. The work included: 

Fabrication of components for the corner radius microscope to be 
used by =shed Products Operation. 
Repair of four camera shutters. 
Fabrication of a wall thickness probe for PRn measurements. 
Cleaning and polishing of one lead glass window. 
Repair of one borescope for IPD. 
Repair of one crane periscope head for Redox. 
Evaporation of gold on silicon diodes for Nucleonic Instmentation, 
Hu). 

Assembly of one traverse mechanism. 
Reqair of one micraneter thickness gage. 
Coating of ten lamps with stainless steel for White Bluffs !Tube Shop. 
Fabrication of a set of three dydlmium glass standards. 
Fabrication of a set of objective lenses for the Lenax borescope. 
Semicing of two mea underwater viewers. 
Fabrication of prisms for the corner radius measuring microscope, the 
groove depth microscope, and a transit. 

mwSical Test- 

Testing work continued at a high level this month with major emphasis on NPR 
pressure tubes, PRTR pressure tubes, and fuel element sheath tubing. A total 
of 9,040 tests were made on 6,077 items totaling 92,227 feet in length. Test 
work included: 
metric); eddy current; magnetic particle; penetrant (fluorescent O.D. and I.D.); 
radiography (gamma-ray and X-ray); stress analysis; surface treatment (Mine 
cleaning, pickling for atoclaving and conditioning, stearn detergent cleaning, - 

and vapor deceasing); and ultrasonic (flaw detection and thickness measure- 
ments). Work was done for 32 organizational cmponents representing most of the 
operating departments and service organizations at WO. 
41 different occasions on general testing theory and applications. 

Only 85 NPR pressure tubes remain to be received on the order of 1,05&. 
all of the testing work at present is concerned with conditioning work being 
done on tubes that have been in a hold status. 
has been installed and preliminary runs made on a number of tubes. 
tory operation on the O.D. surfaces has been demonstrated. Two days' work time 
was lost as a result of a work stoppage involving pipefitters. 

autoclaving; borescoping; dimensional measurements (micro- 

Advice was given on 

Almost 

The vacuum-blast equipment 
Satisfac- 
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Testing work 
light pickle 

on the PRTR spare pressure tubes is going faward. 
has been given all of the tubes to facilitate the penetrant exami- 

A preliminary 

nation. 
surfaces of all the tubes has been ccmpleted. 
tubes sharing penetrant indications has been partially completed. 
are now ready for autoclaving. 
neers to have their operating people assist in the pickling and autoclaving 
of the PRTR pressure tubes on a work order basis and scheduled in with IqFR 
pressure tubes. 

Fluorescent penetrant testing of the outside and inside diameter 
Conditioning work on those 

Nine tubes 
Arrangements have been made with Kaiser mi- 

Field radiography was conducted at PRTR, NPR, 17C6-KES, and 105-IU3. 
thickness measurements were made on a large number of vessels as part of a 
pressure vessel survey at the 100-F Area. Strain gage applications were made 
on 105-m rear face crossheaders as part of a program to determine the effect 
of newly installed expansion joints. 
the 105-C overbore tube project. 

Ultrasonic 

Strain gages have been fabricated for 

Fuel element sheath tube testing is now receiving major emphasis with the 
arrival on plant of sizeable BmouIlts of tubing. Testing rates of 200 tubes 
per week will be established as has been accmplished in the past to provide 
feedback to the supplier. 

The micro displacement readout system is now in place in the 306 Building 
and is in operation. 

Several jobs using the newly acquired 100-curie cobalt-60 gamma-ray source 
were ccmpleted: 
examined, a 6-inch-diameter heavy-wall stainless steel pipe weld was radio- 
graphed, and enriched pellets imbedded in Uo;! samples were radiographically 
located. 

A 3-t-inch-diameter Wrcaloy casting was radiographically 

In an effort to anticipate reactor rear face problems, the prototype ultrasonic 
contact probe for testing Parker fittings was taken to the White Bluffs rear 
face mockup for a f'unctional test. 
the probe could not be rotated for a complete test of the fittings. 
only 1/3 of the fittings could have been tested. 
redesigned and two specially-mounted crystals were obtained from Autmtion 

Due to lack of space around the fittings, 
At best, 

The probe has been completely 

Industries, Inc. The new probe assembly is complete 

ANALOG COMPUTER FACILITY OPERATION 

Studies 

The major anslog computer problems considered during 

1. I'PR Plant Simulator 
2. NPR Secondary Loop 
3. Reactor Speed of Control 
4. Reactor Instmentation 
5. PRTR Deaerator 
6. PRTR Critical Facility 

but has not been 

August include : 

tested . 



Ewpuent Operation 

Caquter operations were as follows: 

154 
22 

8 
0 - 

147 
21 
16 

0 

Hours rrp 
Hours Scheduled Downtime 
Hours Unscheduled Downtime 
Idle Time 

184 184 Total Hours 

Percentage of cauputer operation during the month: EASE 90; GEDA 80. 

Msinteaance 

Since one technician has been able to devote nearly all of his time to the 
maintenarrce of the computers, the EASE is now nearly 100 percent operational. 
The GEDA still has a number of things to be worked on, but its general over- 
all condition has improved. 

In cslibrating the operational. relays on the EASE, it was found best to build 
up .sa oscillator circuit on the EASE computer and use its output to calibrate 
the relays for an optimum square wave output. 

The Oven conversion on the Gm has been cqleted and all checks necessa;ry 
to determine the general condition of the caaputer have been m. 

\ 

Alarge mrmbeY of contacts were replaced on the patchbay and several resistor 
cards were found needing adjustment. 

A great deal of trouble had been experienced with the first ten integrators 
on the GEDA. 
microfarad capacitors and the patchbays were removed. 

This problem was corrected when all the wiring between the ten 

IfVSTRUMDlT EVALUATION 

The rechargeable NI-Cd battery tests have now cycled throughout 36 charge- 
discharge operations with no change of battery performance. 

One high-level, inexpensive, gemma dose-rate monitor detector consisting of 
a CdS cell and a small terphenyl- 

and the response dropped. The organic detector was unchang . IPD personnel 

dose. 
ever, no such item is avsilable to our knowledge. 

olyvinyltoluene detector was exposed to 
an accumulated gemma dose of 3 x 10 i”?p r before the CdS glass envelope darkened 

now want a similar unit except with good response to 2 x 10 e r accumulated 

CdS cells with a flint glass envelope may solve the requirement; how- 

All 50 high range (0-5000 r/hr upper range) CP-TP portable dose-rate meters 
have been accepted for use. A slight amount of nonlinearity occurs above 
about 3500 r/hr. 
alleviate this problem if it becomes necessary. 

Chamber voltsge and/or chamber size modification will 

.- 
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Thirty Model I1 Scintran alpha monitor instruments, fabricated off site frm 
Nucleonic Instrumentation developed circuits, arrived on plant. Thirty 
plastic-head alpha detector probes developed here were also fabricated and 
received. 
regulators, improper cable connectors, and missing diodes were among the 
various troubles found and corrected. 

, 

Slight wiring errors, bad solder connections, bad high voltage 

The gamma canpensated beta-gamma transistorized combined hand and shoe coun- 
ter, clothing monitor, and general background monitor instrument was satisfac- 
torily placed in demonstration field test service at 105-D. 

Manager 
PHYSICS AND INSTR- RESEARCH 

HANFORD LABORATORIES OPERATION 
AND DEYEWPKEXII 

PF Gast:mcs 
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CHEMICAL RESEARCH AND DEVELOPImNT OPERATION 

RESEARCH AND ENGINEXRING 

FISSIONABLE MATeRIALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Hew Production Reactor Effluents 

The effectiveness of adding 10 ppn stable cobalt to mixed NPR decontamination 
waste solution to promote the scavenging of radiocobalt was confirmed. No improve- 
ment in the removal of radiostrontium or radiozinc was realized from this addition. 
Thus, it may be desirable to add at least two salts to the waste, calcium for the 
removal of radiostrontium and either 200 ppm Fe+2 or 10 ppm CO+~ for the removal 
of radiocobalt. 

Reduction of Reactor Effluent Contamination 

Pressure drop across the screen in the inlet to the reactor effluent pilot scale 
aluminum bed forced a shutdown to permit the screen replacement. A heavy mat of 
algae-like material had nearly blocked the flow. 
has confirmed that the plugging difficulty must be circumvented before such beds 
can 5e successfully used for reac+,or effluent deccntamination. Samples are 
currently being taken to permit the final evaluation of this method of reactor 
effluent decontamination. 

Continued operation of this bed 

Laboratory research was initiated to evaluate the effectiveness of ground disposal 
practices in the reactor areas. Initial work is on the effects of temperature and 
pH on the sorption by soil of phosphorus, arsenic, neptunium, and chromium. These 
dat.a will provide information on the capacity of 100 Area soils for sorption of 
the respective nuclides. The research will also provide information on anion 
sorption reactions with soils, as some of 'the nuclides occur in this form. 

Temperatures of water in wells located in tke vicinity of the Gable Butte-Gable 
Mountain anticline indicate the preseoce of a definite thermal boundary. 
suggests a hydroioqic separation of the waters oorth and south of the anticlinal 
ridge. The warm grollnd waters 2etoeted in the vicinity of the 100 Areas is there- 
fore assumed to be due primarily to reactor operatiocs. 

This 

=-e sample haadlirg and ion exchange components of the automatic arsenic monitor 
were fabricated and the entire instrument moved to the 146-FR Buildicg where it 
will be finally tested. 
scaling circuits and related timing functions shoved the electronic system to be 
reliable 

A tea-day functional test of the forward and backward 

Uranium Oxidatioc and Fissfon Prodiict VolatFlization Studies 

The analysis of data an2 final rough draft; of a docment (HW-70652) on high tempera- 

not previously reported, ma5e fron: addlziocai met.allographic examinations were: 
effects on prototypical MPR fuel eLeniects were zonpleted. Two conclusions, 

123020b 
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(1) at1200 C in an air atmosphere the 25 mil Zircaloy-2 inner c&a wall would be 
penetrated in approximately me hour, and (2) at about 1300 C the destruction of 
the Zircaloy-2 jacket by U diffusion becomes significant. 
oxidation of the jacket is the primary mechanism to cause failure. 

Below this temperature, 

Reactor Effluent Water Studies 

Studies are continuing in laboratory equipment with the alm of firming up experi- 
mental approaches to be taken in in-reactor equipment as this becomes available. 
These studies are aimed at: (1) the acqulsition of additional detailed analytical 
data to further define the problem, and (2) the evolution of new approaches to the 
solution of the problem. 

For example, current studies are seeking to ascertain if any changes occur in the 
chemical forms of arsenic or phosphorus on passage through the reactor which might 
prove instructive in terms of inferring the mechanism by which these materials 
are retained in the reactor. Likevise, anaJytical studies are being pursued on 
current reactor water plant high alum tests. 
instructive in terms of explaining the fact that the water treatment is showing 
caly nominal reduction in arsenic and phosphorus species in the reactor influent 
water but subgtahtial reductions in the As-76 and P-32 in the effluent water. 

Study of these tests may prove 

Other studies are a-d at effecting reduction in As-76 and P-32 by altered water 
treatments yielding more effective removal of the parent materials and by intm- 
ducing agents which vill alter the reactor film in such maazler as to reduce retention 
of these parent materials in the reactor. Preliminary findings indicate some 
promise for the latter approach in that substantial differences are seen in the 
rate of removal of A8-76 when water of different trace composition is passed 
through heated colurm~s of aluminum turnings on which As-76 had been previously 
sorbed. 

SEPrnTIONS PROCESSES 

Disposal to Ground 

The presence of Co-60 at a concentration of 2.6 x 
from well 699-54-57, 1.5 miles. north of 200 East Area, establishes the source of 
the waste as the a6-n scavenged waste cribs. 
1956. Based on the existing knowledge of ground water flow, subsequent movement 
of the waste should continue at a relatively slow rate. 

Well 699-53-55, about one mile north of 200 East Area, encountered basalt about 
150 feet deeper than predicted. 
that the basalt surface in the north part of 200 East Area and north of that area 
is considerably more irregular than previously thought, and probably extensively 
eroded. 
waters into quite irregular courses. 
series through erosion channels that possibly expose permeable horizons there. 

w/cc in a depth sample 

These cribs were abandoned in 

This confirms the conclusions earlier reached 

The irregular surface will channel radiocontaminants now in the ground 
Wastes may be able to enter the basalt 

Preliminary interpretation of ground water temperature data indicates that some 
themlly warm water from the separations areas is moving southeastward, and may 
have reached the Columbia River just north of the 300 Area. 
temperature at the water table in wells in this area is 2-3 C warmer than that in 
wells located norfh or south of the zone. A tongue of warm water also extends 
southward from the 200 Areas to within about two miles of the Yakima River. 
temperatures measured in wells on either side of the buried Yakima Ridge anti- 
cline 

The ground water 

The 

ocation reveal. the effectiveness of the ridge as a barrier to 
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further southward movement. Directly scuth of 200 West Area the water in wells 
north of the ridge is about 4 C wsrmer than that in wells to the south. 
east this temperature difference disappears, probably indicating water movement 
through breaks in the basalt anticline. 

Ion Exchange Contactor Development 

A study to gain more fundamental knowledge on the behavior of solid liquid systems 
has been initiated. 
transmitted in an ion exchange resin bed. 
to the calculation of a coefficiect of friction for the 10-20 mesh resin-water 
system from 4 to 30 times as large as a sinilar coefficient previously reported. 
Three 3ossible explanations of this discrepancy are: 
quantity of fractured beads discovered on subsequen+, microscopic examination of 
the resin, (2) an improvement in technique in the present work, and (3) a signifi- 
cant difference in the frictional properties of resin and containers. 

Farther 

- 

The first phase involves an investigation of how forces are 
Data from the initial experiments lead 

(1) a relatively large 

The experimental equipment included a screened piston in a 3-1/2 inch Plexiglas 
cylinder. The screened piston was connected to a pneurcatic piston which, through 
controlled air pressure, provided a means for obtaining a cons^uant "push" force 
on the resin beds of varying heights placed in the Plexiglas cylinder. The pressure 
drop across the bed was measwed as vater was passed down through the bed. The 
water velocity was regtilated to maintain a desired rate of piston travel. 

An analytical expression was developed relating the auerage vertical stress required 
to move a colunrn of resin countercurrent +a the flow of interstitial liquid as a 
function of the height of ths bed an& the fluid presslt-e drop across the bed. The 
development required the assumptions that (1) the coefficient of friction is 
Independent of the radial stress, and (2) the radial and vertical normal stresses 
are equal. 

WASTE TREA'IIMEIPT 

Batch Calcination 

The batch calcination of simulated, Purex high-level wastes was studied in bench 
scale and piiot plant scale experiments. The iovestigaGions included solution 
foaming and liquid level detection during the kil-down step and internal pressur- 
ization during the calciaation step. 

The waste compositios. whlch previously bad exhiXte6 i_nternel pressurization in 
?-inch diameter 5y 7-inch high pots was used as the fe5d solution for studies in a 
4-inch diameter by l5-inch high PO% and in a 15-icch high annular pot fabricated 
from 6-inch and 3-inch pipe. In +,he 4-inch pot, a layer of solids rose approxi- 
mately six inches to the top of the pot. Post-calcination inspection revealed a 
!%inch high void section between two la2-ers of cakine. In the annular pot, no 
evidence of internal pressurization was apparent. 
this annular pot and the same feed composition gave similar results. Evidently 
pot size and/or pot geometry is a faczor in the ge3eratioIi of internal pressure 
during the calcination s-tep. 

A run reported last month using 

A high acid (6.2 M) simulated waste solutioo was used for a run in the 6-inch 
anmlar pot to stidy foaming. 
step and a reduction in the boil-off rate was required. Ar; air sparge was used 
to control the foaming 3ut was only partially effective. 

Extensive foanihg occurred iluring the boil-down - 
123G2GE 



As observed in a previous run, the presence of up to 0.075 M - lead acetate did not 
cause foaming or affect calcination. 

A pilot plant run was made using a pot 8-inches in diameter and 5-1/2 feet high. 
A 16-inch diameter by 2-foot high disengaging section surmounts the pot and extends 
out of the furnace. A fluorothene lid was used to permit visual observation. 

The addition of feed to the pilot plant unit was continued until the nitrate 
decomposition gases obscured vision. 
Pertinent obserrations were: 

The furnace temperature was held at 500 C. 

(1) The boil-off rate was uniform (1.9 liters/(hr)(sq.ft. of heated surface). 

(2) Splashing became worse as the solution became more viscous. 
one to 1-1/2 feet above the liquid surface became coated with a 1-inch 
layer of solids. 

The pot wall 

Some of the solution splashed up to the fluorothene lid. 

(3) After the solution wa~ siphoned from the pot, a uniform, 1/2-inch coating 
of solids was observed on the pot wall below the normal liquid level. 

(4) %re wae a 8- to lO-inch layer of solids on the bottom of the pot. 

In-Tank Waste Solidification by Submerged Combustion 

The suhrged combustion unit has been readied and has undergone about 6 hours of 
operation vith water during a familiarization m. 
uneventful throughout the test at a rate of 1 x lo6 Btu/hr. 
of simulated Purex OW (sodium carbonate solution) will be started shortly. 

Operation was smooth and 
Tests of solidificatic 

Waste Transfer 

The Ilpechanics of water-jet sluicing are being investigated in small scale studies 
with 1/8-inch diameter flow nozzles and plaster of Paris targets. 
show that the proportionate rate of material removal increases with flow rate and 
decreases almost exponentially with target submergence. 
to aid in interpreting data from full-scale in-tank sluicing tests. 

Pirst results 

The studies will continue 

Difficulties encountered in sampling Purex 241-A-103 waste sludge with a non- 
rotating axially forced coring device have prompted investigation of a commercial 
core drill. A soft steel rotary clay bit and special double core barrel will be - 

used in the drill. Bit loading factors and coring performance (drilling plaster 
of Paris) will be studied in 321 Building cold tests prior to "hot" sampling. 

Off-Gas and Condensate Treatment 

Samples of the airborne effluent from a dry waste incinerator being tested in the 
Z Area were analyzed for particle size distributions. The mean particle diameter 
was found to be 0.9 microns upstream from the scrubber, and 0.5 microns downstream 
from the scrubber. The mass distribution was computed, assuming the particle 
mass to be proportional to the particle diameter cubed. The mean mass diameter 
thus determined was 6 microns upstream from the scrubber and 2 microns downstream 
from the scrubber. 
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Experimental study of mineral bed decontamination of Purex Tank Parm condensate 
was extended to the remval of radiocerium, as an example of the rare earths. 
Results indicate that greater cerium removal by ion exchange is achieved when the 
pH of the condensate is reduced to 3. 
were usually less than 2 with clinoptilolite, but at pH 3 both clinoptilolite and 
a cation exchange resin gave decontamination factors ranging from 8 to 200. 
tends to be peptized to a colloid in low-salt solutions at a pH greater than 3, 
and may not be removed efficiently by ion exchange materials. 
capacity of IR-120 cation exchange resin for radiocerium from the waste (containing 
0.002-0.012 - M NH4+) is greater than that of clinoptilolite. 

TRANSURAI?IC ELEMUVT AND FISSION PRODUCT RECOVERY 

Strontium-90 Program 

Hot Semiworks Recovery - Approximately 300 kilocuries of Sr-90 were recovered from 
a crude feed containing about 360 kilocuries during the third Hot Semiworks "hot" 
run. The cerium in the product was about 30 to 50 percent above the desired speci- 
fication, but all other contaminants were well below the desired maximum limits. 
Production of near product specifications in one solvent extraction cycle was 
primarily attributed to the use of DTPA (diethylenetriamine penta-acetic acid), 
as a rare earth complexing agent. Previous runs have used EDTA as a complexant. 

at pH 9, radiocerium decontamination factors 

Cerium 

The adsorption 

During the run, continuous backcycle or "spin1' of part of the product to the feed 
was employed to reduce the final volume of product. 
1 M citric acid, was then concentrated two-fold and stored to allow strontium 
rziation to destroy the citric acid. 

!The product, containing about 

Out of specification product from previous runs was also reworked through one 
cycle of solvent extraction to reduce the cerium contamination (about 7-fold 
above specification). However, through operating difficulties, a cerium decon- 
tamination factor of only about two was obtained. 

At month's end agreement on product specifications was reached with the Martin 
Company which allowed all of the product inventory of about 500 kilocuries to be 
blended into one batch with a sr-89/~r-g0 curie ratio of about 0.17 and a Ce-144/ 
Sr-90 curie ratio of about 0.002 as of January 1, 1962. 

Other Fission Ftroduct Recovery 

Preparation of Cerium-Free Rare Earth Fraction by Solvent Extraction - A flowsheet 
for the preparation of a cerium-free rare earth fraction from Purex crude which 
appears operable in the Hot Semiworks equipment involves: (a) extracting calcium, 
strontium and rare earths in the IA column, (b) stripping strontium from the 
organic in the lB column, (c) batch stripping the organic with 1-2 M HNO 

and (e) batch stripping the final organic to remove cerium. 
containing non-cerium rare earth would be treated with citric acid to reduce 
permanganate and manganese dioxide to manganous. If necessary for use in the 
325-A Building demonstration of promethium recovery by ion exchange, the rare 
earths could be separated from much of the caicium and manganese by an extraction- 
strip cycle., 

(d) 
oxidizing cerium in the aqueous phase with permanganate and batch eztrac 2' ing cerium, 

The aqueous solution 
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Simulated crude-cut solutions spiked with appropriate tracers and unwashed 0.4 M 
DaHPA-0.2 M 5-Shell Spray Base were used in batch contact studies to determize 
strontium, zerium and promethium behavior under proposed IA column conditions. 
Acetate and Em were used to complex iron and lead. 
observed were generally lower than in previous studies with HED!E4, they were high 
enough to indicate fair recovery of promethium at an aqueous to organic flow 
ratio of two. 
section. 

While distribution ratios 

The data indLcate a pH of 3.5 as optimum for the lA column extraction 

Mini-mirer settler runs were then made simulating the IA column conditions con- 
sidered optlmum based on batch contact studies. Feed-to-organic flow ratio was 
about two. The scrub solution was 0.25 M NaNO3 at a flow rate 1/20 that of the 
feed. Three similar runs were made. In-no case was more than 25 percent of the 
promethium extracted. No explanation has as yet been found for this discrepancy 
between batch contact and mini-mixer-settler data. 
data defining the effects of substituting citrate for EMlA are being obtained in 
an attempt to find more favorable operating'conditions for the IA column. 

At mnth's end, batch contact 

The proposed extraction of rare earth elements as well as strontium and calcium 
in the lA column will result in increased solvent loading. 
higher loading, it Is proposed to use 0.5 M D2EHPA (vice 0.4 M) in the solvent. 
'$he effect of this increased solvent conceEtration on the strTpping of strontium 
in the lB column was studied in batch contact experiments. Although strontium 
distribution ratios under lB column conditions are higher at 0.5 M D2EHPA than at 
0.4 M, they are still low enough that satisfactory stripping of szrontium should 
be ohined. 

To compensate for the 

Studies were made to determine optimum conditions for the use of permanganate 
for cerium oxidation. The procedure suggested by Butler aad Ketchen [IUC, 53, 
651 (196l)] of ORIOL was adapted to the present flowsheet. Solutions s1mulati;;g 
a 1 M HNO3 strip of the organic phase after strontium removal were treated with 
pota~sium permanganate. Following a "pre-contact" period, the aqueous was con- 
tacted with organic extractant (D2EHPA-TBP-SSB) for a given time. 
acid was added to dissolve manganese dioxide and reduce excess pemganate thereby 
dding in phase separation. 
permanganate concentration, "pre-contact" time, contact time, and time after 
addition of citric acid. Cerium distribution ratios in the 100 to 500 range were 
obtained with initial permaaganate concentration of 0.025 M, pre-contact times of 
zero to 30 minutes, contact times of 10-30 minutes, and ti& after citric acid 
addition up to forty &Utes. As proposed by Butler and Ketchen, cerium can be - 
stripped from the organic phase with nitric acid-hydrogen peroxide solutions. 
Cerium distribution ratios (Eg) ranged from 0.004 to 0.025 in 20-minute equal- 
volume contacts of the organic phase with aqueous phases 1-2 M - in HNO3 and 1-5 
percent in H202. 

Then citric 

Cerium distribution was determined as a function of 

The aqueous phase remaining after cerium removal will contain calcium, rare earths, 
manganous ion and residual citric acid. The feasibility of separating the rare 
earths, in particular promethium, from calcium and manganous ion in a single batch 
contact with solvent waa examined. The best compromise in extraction conditions 
appears to be a citrate concentration between 0.25 and 0.5 and pH between 1.5 and 
2. A single equal volume batch extraction of the aqueous with 0.4 M D2EHPA - 0.2 
- M TBP - SSB should recover greater than 90 percent of the rare ear& with manganoL 
and calcium decontamination factcrs of 4-6 and 1.5-2, respectively. 



Purex Head-End Promethium Recovery - B Cell tests of the peroxyacetate precipitation 
process (for the separation of trivalent rare earfcs from cerium) have established 
a flowsheet for plant testing in early September. 
of the precipitate was found to be excessive in initial liter-scale 1WW runs, 
using flowsheet conditions developed in earlier work with cold or tracer level 
synthetic feed (W-62505). 
(1) using 1.2 M hydrogen peroxide in the initial precipitation, or (2) conducting 
the initial precipitation with 0.4 M hydrogen peroxide and adding additional 
hydrogen peroxide to the supernatanz at four hour intervals, beginning two hours 
after the initial precipitation. Such treatment prevented dissolution of cerium 
for periods of up to 50 hours. Either technique should be satisfactory for plant 
use with the second probably preferred.. That the observed decomposition of the 
cerium(IV) peroxyacetate cake was due to radiation and not to a chemical catalysis 
(by impurities present in actual 1WW but absent in the qpthetic solutions) was 
shown by the lack of any significant dependence of rate of decomposition on tempera- 
ture. Present B Cell activities include repeating the modified flowsheet with 
fresh 1W (that used in the foregoing experiments had aged for several months), 
using lead carrier to improve promethium recovery, and tzsting a somewhat more 
complex flowsheet which would yield three products--cerium, promethium and strontium. 

Radiation-induced dissolution 

However, it is possible to overcome this effect by: 

Other experiments have been aimed at finding an alternate precipitation scheme for 
cerium-promethium separation, while avoiding use of corrosive halides or of oxidants 
which would volatilize ruthenium. 
by the precipitation of cerium( IV) hydroxide was scouted and found unsatisfactory. 
Although cerium(IV) normally precipitates at much lower pH than the trivalent rare 
earths, either it or Mn02 serves as a carrier for the latter. 

Another scheme, the use of a mixture of dichroms;te and peroxide, shows promise. 
The use of 0.02 to 0.05 M dichromate and 0.1 to 0.2 M H20 at pH 4 to 5 results 
in the precipitation of over 98 percent of the cerium whi f e most of the promethium 
stays in the supernate. 
chromate, filters or centrifuges readily and can be easily redissolved with dilute 
nitric acid. 

Room temperature permanganate oxidation followed 

The precipitate, believed to be a cerium(IV) peroxy- 

Hot-cell e-uperiments are pending. 

Cesium Concentration for Shipment - A new hi@-integrity cesium-Decalso shipping 
cask is under consideration. Due to the small size of the cask and the desir- 
ability of large individual shipmrts, processing to increase the cesium concentra- 
tion and decrease the sodium-to-cesium ratio (relatiae 20 neutralized Purex 
supernatant) is required in order to realize higher Eecaiso loadings, A laboratory 
investigation has been comple%ed Lo develop a process for doing $his in Purex 
head-end equipment. Cesium is precipitated from. neutralized Purex supernatant 
with 8, slight excess of nickel or zinc ferrocyanide and the precipitate centri- 
fuged, washed and the cesium dissolved (as cesium carbonate) by heaticg with a 
slurry of solid silver car3onate. 
Decalso for shipment. Details of the experfnaents, recommended procedure, and 
effect of variables are given in an ioformai report (HW-70874)~ 
cyanide was found to be somewhat superior to zinc ferrocyanide ad precipitated 
approximately 99 percen-5 of the cesiuc in the pIi rage 3.7 to 10.4. 
tank-farm supernatant is about 19.0 to 10.5, DO acfalflcation appears necessary. 
A two-fold excess of silver carbomt? was gecerally adeqcate for satisfactory meta- 
thesis and the cost of reagents, since -tke reactions are very nearly stoichiometric, 
fs very nominai. 

The dissolved cesium is then loaded onto 

Nickel ferro- 

Since the pH of 



Tbe capecity of Decalso for cesium was also measured as a function of sodium-to- 
cesium feed ratio. 
supernatant) is 0.43 grams Cs/liter of Decalso, about 30,000 curies for a 400 
gallon STT. 
of 2.3 g/l at a ratio 4500/1, 8 at 900/1, 23 at looil, and 90 at 10/1. These 

figures show that heat transfer, rather than Decalso capacity, will limit the 
size of individual shipments in the contemplated cask, since the sodium/cesium 

ratio of the product from the carbonate metathesis is expected to be in the range 

10/1 to 100/1. 
aU that is required to permit loadlng 100,000 curies onto 100 gallons of Decalso. 

The capacity at a 20,000/1 ratio (corresponding to 103-A 

The capacity (for loading at room temperature) increases to a value 

A decrease of sodium/cesium ratio to a value of about 1000/1 is 

Other experiments on the Decalso loading and ion-exchange processing of cesium 
showed: 

1. 

2. 

3. 

4. 

Cesium extracted from 103-A supernatant with a tetraphenyl boron-amyl 
acetate solution can be quantitatively absorbed on Decalso directly from the 
organic phase. 
solvent extraction without the necessity of a stripping column. 

Decalso loading could therefore follow a single-column 

The sodium-cesium ratio can be reduced to a value of 1000 or less (for 
subsequent high capacity loading on Decalso) by absorption on a I)uolite 
C-3 column followed by elution with dilute acid. 

The capacity of Decalso for cesium is a function of temperature, low tempera- 
tures favoring absorption and high temperature favoring elution. The 
capacities of Decalso for cesium (from 103-A supernatant, 50 percent 

breakthrough) at 25 C and 9 C were greater by factors of 1.7 and 2.4, 
respectively, as compared with a column loaded at 60 C. Present practice 
is to load STT's at about 50 C (due to jet heating). 
capacity could be realized by using a lower temperature, and any new cask 
should incorporate cooling coils. 

An increase in 

An increase in the pH of 103-A supernatant, by adding sodium hydroxide 
equivalent to 0.25 M/1, increased the cesium loading capacity of Duolite 
C-3 by a factor of 1.3 (in qualitative agreement with Chemical Effluents 
Tecbnology results). However, the capacity of Decalso was decreased. In 
the case of Decalso, flow rate Is also very important, low flow rates 
giving the highest loadings. 

Phosphotungstate and Phosphomolybdate Precipitation of Cesium - A series of 
scouting experiments have been initiated to determine the applicability of phos- - 

photungstic and phosphomolybdic acid for the precipitation of cesium in various 
Purex process streams, particularly from highly acidic solutions where other 
carriers are ineffective. The effects of nitric acid, sodium nitrate, sodium 
nitrite, ferric nitrate, temperature, time of digestion, and amount of precipitant 
were investigated in these experiments. 
MU ca. 3200) and phosphomolybdic acid (H EM0~~0~4-24 H20) were effecthe carriers 

a factor of about two and the precipitate was much slower in forming, requiring 
Over 16 hours for completion. 
superior for all applications. 
were observed from a 4 M EN0 

promising results are borne out by experiments with synthetic and actual lWW, it 
would appear that phosphotungstic acid could be used effectively for the removal 

of ces acidic 1WW. 

Both phosphotungstic acid (H FW12040:XH20, 

overa wide range; however, phsophomolyb a ate was poorer than phosphotungstate by 

phosphotungstic acid over the 3 amount required for the tricesium salt. 

Therefore, phosphotungstic acid appears to be 

to pH 7, using as little as a two-fold excess of 
Excellent cesium precipitation (losses <1 percent) 

If these 

czZ!zm 
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A-Cell Operations - Strontium-90 which had accumulated in a waste cask (effluent 
from HAPO-IA Decalso loadings) was successfully reprocessed through the ion-exchange 
columns to recover approximately 12,000 curies for future research use. 
this operation, the Dowex-50 resin was removed from the columns and the entire 
system thoroughly flushed in preparation for experiments on the anion-exchange 
recovery of technetium-99 from Purex 103-A supernate. 

Following 
cs 

Effect of Temperature on Dry Shipment of Decalso - The final HAW-1A 
shiument was made in the dry condition, i.e., with the interstitial liquid siphoned 

strontium 

out; in order to afford more free volume to accommodate radiolytic gas production. 
Similar dry shipment has been proposed for a second generation Decalso strontium 
cask and for the improved Decalso cesium cas!<. 
on the subsequent elution of strontium and cesium was accordingly determined. 
both cesium and strontium, temperatures higher than about 100 C resulted in seriously 
decreased recoveries. The fraction eluted decreased from ca. 98 percent for 100 C 
to ca. 55 percent for 200 C and to less than 20 percent for300 to 400 C heat 
treatments. The shape of the recovery curve closely paralleled the thermogravimetric 
weight loss curve, which showed decomposition beginning at about 110 C and a constant 
weight above about 400 C. 

The effect of heating loaded Decalso 
With 

Bulk Fission Product Packaging - Studies of bulk packaging of fission products 

of the 'precipitator vessel, wash filter, and induction heating coils for product 
prolysis. , 

equipment show sodium removal factors of 2.5 per5liter water wash of 50,000 strontium- 
90 curie equivalent peroxide cakes. 
three subsequent washes totaled 6 percent in non-radioactive tests. 

strontium-90, promethium-147, cerium-144) continued with completion of development 

Completed studies of strontium peroxide cake washing in full scale 

Strontium losses to the initial filtrate and 

Drawings of the canister loading station and capping station are 75 and 50 percent 
complete, respectively, and specifications for remote welding equipment and heavy 
duty manipulators have been prepared. 

Tests of a clamp type cooling device for protecting canister seal and welding sur- 
faces from oxidation during pyrolysis of fission product intermediates were success- 
fully completed. 

Shipping Cask Closures - A stainless steel "Bell Ring" gasket intended for secondary 
closures on fission product shipping casks and bulk canisters tested at 500 psig 
and 500 C with helium leakage rates of less than 10-6 cc/second. 

ANALYTICAL AND INSTRUMENTAL CHEMISTRY 

Scintillating Glasses 

A sample of the British cerium-activated glass was received several months ago. 
Recently, three samples of a laminated cerium-activated Vycor glass were obtained 
from Corning.. All four samples have been ground and polished and tested for alpha 
response using a dry Pu standard disk. The British glass was found to be substan- 
tially identical in quantum efficiency to the chemically similar Naval Research 
Laboratories (Ginther) glass previously tested, and showed similar resolution. The 
thin-film Vycor showed slightly improved efficiency over that of the thicker speci- 
men previously tested, but nct as much as anticipated. One of the samples is 
being ground to 0.01 inch thick (scintillating layer) and will be compared to the 
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thicker samples in relative alpha to beta response. 
studies on glass scintillators as alpha detectors. 

These'tests will conclude th, 

Improved Electrodeposition of Trace Plutonium 

Radioassay of plutonium in 100 micromicrogram quantity was improved by development 
of an electroplating technique which is quantitative. The electroplated metal 
was confined to an eighth-in. diameter surface (suitable for 7 m crystal detectors 
made of silicon with traces of silica) by sealing a 9 gauge platinum wire cathode 
in thermal-setting resin. 
plating. Electrodeposition required tvo hours, after which the deposited plutonium 
was removed by cutting off an eight-inch segment of the cathode and, thereby, exposing 
plating surface for another sample. 

The rotating cathode provided agitation during electro- 

Measurement of Fission Products in Irradiated UO, 

Fission product to uranium ratios were measured in some 40 samples of irradiated 
uranium dioxide. The samples consisted of microgram amounts of dioxide fixed upon 
cellophane tape. Direct gamma-ray spectrometry yielded qualitative results. 
Quantitative work required chemical separation. The gum on the tape was dissolved 
with a solution of equal pazts benzene and ether by means of ultrasonic generator 
agitation. Appreciable cesium dissolved in the mixture whereas the other materials 
were simply released from the tape. The cesium was stripped into water with acid, 
the phases were separated, and the particles were centrifuged and dissolved in 
boiling 6 I nitric acid - 0.1 N hydrofluoric acid. Cerium, ruthenium, zirconium 
and niobium were determined frzm direct gamma ray spectrometry counting. Cesium 
was determined by tetraphenyl-boron extraction and gamma counting. 
were so small, uranium was determined with a fluorophotometer. 
calculated from total alpha measurement. 

Since samples 
Plutonium-239 was 

Trace Copper Measurement by Voltage Scanning Coulometry 

Measuring trace quantities of copper by voltage scanning coulometry is not hampered 
by macro amunts of extraneous ions which generally interfere with colorhetric 
methods. 
nitric acid zircaloy solution containing nearly 200 g of metal per liter. Pre- 
cision was 55 percent and detection limit was 0.1 microgram, which compare equally 
with those from colorimetric work. 
to 15 ppm. The 
method consisted of reduction to copper metal at -0.30 volt, copper amalgamation - 
in the mercury pool cell, replacement of molar sulfuric acid electrolyte with 

fresh acid, oxidation of copper at +0.15 volt, and measurement of copper by 
scanning from +0.15 volt to -0.35 volt. 

One microgram of copper was measured directly in a hydrofluoric acid - 

Actual copper content of the zircaloy was 10 
Also, copper down to 16 ppb was measured directly in PRTR water. 

Measurement of Fluorescein in the Columbia River 

Direct measurement down to 1 ppb fluorescein was made possible by using a Farrand 
spectroflurimeter. 
used to analyze successfully 36 river samples involved in a recent river dilution 
and dispersion test. 

Silica turbidity up to 25 ppm was tolerable. The method was 

I 
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EQUIR@J?T AND MA'IERIALS 

Hydraulic Equipment 

A special submerged, canned motor pump for use in in-tank clarification of Purex 
waste supernates has been received and placed on water test prior to evaluation 
with a hydroclone for suspended sludge removal. 

A second submerged, Hastelloy-C canned motor pump (a canyon service candidate) 
has been operated uneventfully for 1,550 hours in water. 

Difficulties with Hot Semiworks and 234-5 canned motor pumps have been traced to 
vibration loosening of bearing adjustment flanges and to improper matching of 
bearing-journal taper. In the latter instance, taper jigs have been fabricated 
and will be used to standardize all bearing tapers. 
flanges has been achieved by set screw locking of bearing adjustment bolts. 

Control of bearing adjustment 

Materials of Construction for Plutonium Electrolysis Cell 

Testing of candidate materials for the plutonium fused salt electrolysis cells 
continued. The following are highlights of these studies: 

1. A silicon nitride cell was found to react with and darken 60 percent B&l2 - 
40 percent KC1 salt at 800 C. 
separate salt solutions of the above composition. 
the salt less each time. 
cent to 15 percent by this procedure. 

The cell was subsequently soaked in four 
The reaction darkened 

The porosity was reduced from approximately 30 per- 

2. When an electrolytic cell was set up using aluminum as the cathode, carbon 
as the anode and 60 percent BaC12 - 40 percent KC1 at 800 C as the electrolyte, 
a black, solid residue collected on the anode shorting the cell out. Only 
a trace of titanium and barium was found in the residue. 

Samples of 304-L stainless steel were annealed (1975 F for one-half hour, water 
quenched) and then cold worked to values of 10, 20, 30, 40, 50 and 60 percent 
reduction in cross sectional area. These samples, plus a control sample not cold 
worked, were exposed to boiling 65 W/O nitric acid. 
in corrosion rates have been observed during 200 hours' exposure to date. The 
exposures are being continued. 

No significant differences 

Corrosion of Titanium in EN07 - Hp Systems 

In 6 M RnO 
as Al7F mo ? e ratiosare increased up to four but no further decrease occurs as 
the mole ratio is further increased to 10. Minimum corrosion rates observed in 
this series was between one and two mils/mo. 
(6 HNO3) containing 0.025 M HP, A-55 titanium corrosion rates were 0.1 mil/mo. 
at zero aluminum and ca. 0.07 mil/mo at Al/F mole ratios of 1, 2 and 4. 
chromium was omitted frGm the above Purex lW, A-55 corrosion rates at Al/F mole 
ratios from zero to four were all less than 0.2 mil/mo. Corrosion rates decreased 
with increasing Al/F mole ratio and were the same (0.05 mil/mo) at Al/F of four 

- 0.01 M Hp, A-55 titanium corrosion rates are reduced significantly 

In boiling synthetic Purex 1W 

When 



whether or not the solution contained chromium. 
boiling 1WW (6 M EN03 and containing 0.025 
iron omitted, c&omium and iron omitted, sulfuric acid omitted, and sulfate omitted. 
Corrosion rates of less than one miljmo were observed in the Cr-free, HSOb-free 
and SO)+= free solutions; two mils/mo in the Pe-free solution, and 10 mils/mo in 
the Fe and Cr-free solution. 
effect on the corrosion of titaaium in 6 M EN03 - 0.025 M Bp. 
period rates of less than 0.02 mils/mo were observed at a Hp4/HF mole ratio of 
four. 

Titanium samples were exposed to 
HF) solutions wlth chromium omitted, 

Phosphoric acid appears to have a strong inhibiting 
First exposure 

Corrosion Under Submerged Combustion Conditions 

Studies are currently underway to determine the corrosion of 1020 carbon steel 
snd the attack on concrete to be anticipated in in-tank submerged combustion 
evaporation of purex organic wash waste. 
total carbonate) was msintained at 100 C and sparged with Cog at 200 cc/miG. per 
four liters of waste. Mild steel specimens were exposed to liquid, interface 
and vapor phases. Con- 
densation on these blocks is estlmsted at 10 ml/hr, sq.ft. During 840 hours' 
operation of the equipnt the pH of the solution dropped from an initial value 
of 11.0 to 8.9. 
were 0.004 aud 0.06 mU/mo. for liquid and vapor phase, respectively. 
broad shallow pits (ca. 0.5 mil deep) were noted on these specimens. 
specimens were not pzferentially attacked. 
solution butted to three molar total carbonate. The concrete blocks will be 
examined at the end of the test. 

Synthetic organic wash waste (2 M 

Concrete test blocks are suspended in the vapor pbse. 

Maxlmum mild steel corrosion rates as determined by weight loss 
A few 

Interface 
The test is being continued with the 

Several short-tenn (24-78 hour) corrosion tests have been made with 1020 mild steel 
in NaSO3-NaHCO -NaNO 
were very erradc. 
s-ace condition of the test specimens. 
activated by mmentary exposure to a strong mineral acid. 
tested a few minutes to a few hours after belt grinding were sometimes attacked. 
None of four specimens tested in the scaled, as-received condition was attacked. 

systems simulating the Purex organic wash wastes. Results 
&ether or not attack occurred seemed to depend mainly on the 

Attack always occurred on specimens 
Specimens corrosion 

PROCESS CONTROL aEvELOpMENT 

Recuplex Solvent Extraction Control Studies 

Instrumentation necessary for testing the basic concepts of the proposed Recuplex 
solvent extraction efficiency and capacity control systems was installed and 
operated on the C-column test facility. 

The efficiency control system involves concentration control at a given point in 
the column by feedback of the concentration controller output to the flow ratio 
determining mechanism. 

The capacity control system operates to give the maximum magnitude of flows which 
will keep the column operating at a chosen level of dispersed phase holdup. 
test facility the column density is used as an inferential measure of dispersed 
phase holdup. 
the flows. 

In the 

The column density controller output determines the magnitudes of 
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Preliminmy tests indicate that both efficiency and capacity control can be 
achieved in the manner described above. 
performed as expected upon introducing stepwise changes in column density and con- 

The control system remained stable and 

. centration controller set points. 

Instrument Evaluation - New Plutonium Reclamation Facility 

Tests using a prototype CAP feed tank are being conducted on the following lnstru- 
ments: 
(c) D-P cell liquid level indicator, and (d) D-P cells combined for monitoring 
specific gravity. 

(a) a pipe line density monitor, (b) liquid level capacitance probe, 

Results of the tests to date are as follows: 

(a) Pipe line density monitor - for the second time during these tests a leak 
developed in the stainless steel plumet device when nitric acid was intro- 
duced io the system. 
end pieces. 

The fault appears to be in the welding of the plumet 
The vendor is attempting to correct this defect. 

(b) Liquid level capacitance probe - response and linearity of the probe is 
good but requires a calibration to account for the dielectric constant of 
the tank contents. 

(c) D-P cell liquid level indicator - worked as expected; response and linearity 
excellent. 

(d) D-P cells specific gravity indicator - one of two D-P cells as used in 
measuring specific gravity oscillated badly. However, these oscillators 
could be dampened by putting a valve in the pneumatic line connecting the 
two cells. 
tested range 1.00 to 1.50 units. 

The specific gravity readings are nearly linear over the 

C-Colunm Studies 

The first block of 20 exploratory runs has been completed. 
tory runs are scheduled until a detailed analysis of this first block of runs is 
completed. 
control devices for the New Plutonium Reclamation Facility. 

No additional explora- 

The test facility is currently being used for testing instruments and 

The Absorptiometer Data Logger has been used to analyze the samples taken from eight 
runs made with the C-column test facility. Based on the time elapsed in analyzing 
these runs, it appears that the 24 two-phase samples taken during'a typical C-column 
run can be analyzed for uranium in both phases, acid in the aqueous phase, and 
the total volume of each of the phases (hence volumetric fraction of organic) 
within a routine 8-hour day using the Absorptiometer Data Logger. 

Modification of pH Glass Electrode 

Laboratory studies are in progress towards modification of a glass electrode to 
achieve a longer life in high radiation fields. The mdification provides for 
additional electrolyte capacity, and a safety relief valve to prevent undue 
pressure buildup. A palladium annulus reference electrode is also being modified 
to increase electrolyte storage capacity, and will also include a pressure relief 
valve. These modified electrodes will be irradiated until failure to obtain an 
estimte of their expected life. 
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Pot Calciner Instrumentation 

During the pilot plant run described earlier under "Batch Calcination," (page C-3) 
a probe to detect the solution level in the pot was tested. The probe consists of 
a 20-inch long, 1/8-inch diameter, stainless steel sheathed, chromel-alumel thermo- 
couple heated with an AC current. 
recorded. 
to steam) causes the probe to cool and the millivolt output to decrease when 
solution covers the probe. 

The themcouple M: millivolt output was 
The higher heat dissipation rate from the probe to the solution (relative 

Splashing of the boiling solution on the probe caused it to react as if it were 
submerged. Positioning of the probe 6 to 8 inches above the liquid surface was 
necessary to minimize this effect. 
solids deposited on the probe. 
the solids continued to build-up. 

During the run with a simulated waste solution, 
The sensitivity of the probe decreased markedly as 

Testing of a shorter probe is planned. 

Salt Cycle Process 

Plutonium Oxidation States in Molten Chloride Salts - Studies of the plutonium 
-(III)/(IV) ratios resulting from treatment of plutonium(II1) with chlorine or 
hydrogen chloride in chloride melts are currently made by bringing the system to 
equilibrium, then rapidly freezing the melt, dissolving it, and analyzing the 
resulting aqueous solution for plutonlum(II1) and for total plutonium. 
obtained to date for systems in which the salt - one percent plutonium sys.tem has 
been sparged with chlorine gas for one-half to three hours, then frozen under a 
chlorine blanket, are consistent with the expected greater stability of plutonium(IV) 
at lower temperatures. For example, about two-thirds of the plutonium was present 
as plutonium(IV) in the aqueous solution which resulted when the above sequence 
was applied to PbC12-2KEl at 570 C. A similar sequence when applied to NaC1-KC1 
at 750 C showed less than 2 percent of the plutonium present as species other than 
plutonium( 111 ) . 

The results 

Unfortunately, this experinrental approach is not capable of distinguishing between 
plutonium(IV) which existed in the melt at temperature and plutonium(IV) which was 
formed by reaction of plutonium(II1) with chlorine as the lnelt was chilled, or 
with trapped chlorine as the frozen salt was dissolved in the aqueous solution. 
Accordingly, a firm interpretation of these data and a valid determination of 
plutonium oxidation state in melts at temperature must await the forthcoming 
installation of a spectrophotometer capable of handling plutonium-bearing molten 
salts. 

Plutonium and Rare Earth Behavior - Efforts have continued to improve plutonium- 
rare earth sepsration in the UU2-PuO2 electrolytic codeposition step. 
promethium-147 as a representative rare earth, and studying codeposition from the 
El-NaC1 system at 750 C, no improvement in separation was achieved by using various 
blends of oxygen with chlorine or hydrogen chloride as a sparge gas in place of 
moist air. 
with dry oxygen-chlorine sparge mixtures as long as the chlorine content is greater 
thaa about 2.5 percent. 

Using 

It was noted that plutonium codeposition does not occur significantly 
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The importance of close control of the moisture content of the atmosphere over the 
melt was emphasized by observation of seasonal variations in plutonium decontamina- 
tion factors in the plutonium-uranium partition step. 
average plutoilium D.F. of about 130 was achieved (in the KCl-NaCL system) during 
late April when the relative humidity of laboratory air was 40 percent. 
partition experiments performed in June at 75 percent relative humidity resulted 
in plutonium D.P.'s of only 12.5 and 20. 

Studies of KCl-PbClp Systems - What appeared to be single crystals of m, weighing 
up to about four grams, were produced during the month by electrolytic deposition 
from the KCl-PbC12 system. 
as U0$12 and was dried thoroughly before deposition, with a chlorine sparge 
and by anodic treatment. 
a quartz shroud surrounding the cathode. The shroud was perforated by five 1 mm 
diameter holes. A chlorine atmosphere was maintained during the 96-hour crystal 
growth period. Time-lapse infra-red film studies have been made of some of these 
crystal growths, but the films have not yet been completely analyzed and results 
will be reported later. 

It was noted that an 

. . Two 

The melt contained initially 25 weight percent uranium 

The number of crystals permitted to grow was limited by 

Studies of KC1-MgClp Systems - Several more depositions of from the 1:l KC1- 
M&12 system, at about 500 C, have been carried out. Thus far, the results have 
been less promising than those obtained in the KCl-PbC12 system. 
has not been as good, and several melts have inexplicably turned black. 
to raise the uranium(V1) concentration of a melt during a run by the addition of 
U0$12.H20 was unsuccessful, the added water causing severe crystal branching and 
general product degradation. 

Crystal quality 
An attempt 

AlClq-KCl System - Early estimates (cf. aw-62012[:, p. 17) of equilibrium constants 
applicable to the AlCl -KCl-Uc13 system were made from equilibrium partition data 
for uranium between th 2 s molten salt system and molten aluminum metal. In the 
absence of experimental data on the activity coefficient of uranium in molten 
aluminum metal, these estimates were made on the basis of the (highly suspect) 
assumption that dilute uranium in molten aluminum constituted an ideal solution. 
Recently, activity data for the Al-U system published by Johnson and Cafsso at 
Argonne National Laboratory have pemitted recalculation of the equilibrium constants 
for the following reactions: 

K1 

K2 

K4 

C1' + Al$16 t Al$17- 

31- + ~~13 2 ~~16' 

C1- + Al$17- z uUCl4- 

. The values based on an activit 
resulted in values of 1.3 x 14, 8.9 x lo4, and 2.0 x 103 for K1, K2 and K 
respectively. The values based on unit activity coefficient were 3.2 x 10 , 
3.2 x 105, and 1 x 104, the largest difference occurring in K1. 
since some of the driViGg fore for the uranius reduction reaction ascribed to 
complexing of A1C13 is actually provided by the lowering of the activity of uranium 
metal in molten aluminum. 

coefficient of 1.4 x 10-3 for uranium in aluminum 

!t4 
This is expected 

A paper covering this work is in preparation. 
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Engineering Development - Three batches 02 electrolytic m, weighing 61, 116 and 
82 pounds, were produced from a nominally 86 liter PX12-2.5 KC1 salt bath. 
each run U3O8 was dissolved to a concentration of 15 - 20 weight percent uranium 
by sparging with chlorine at TOO C. 
at an average deposition rate of 2.5 pounds of per hour at 580 C with an air 
atmosphere. 
varied less than 10 percent during the course of the runs. 

In 

The subsequent electrolyses were carried out 

The current efficiency was about 82 percent, and the cell resistance 

A dendritic deposit of 
water. The granules were then formed into a packed bed and leached for six 
hours at 70 C with a recirculating solution of 0.1 M di-(2 hydroxyethyl) amino- 

acetic acid chelating agent at pE 5 to remove PbC12. After a final water rinse, 
anslyses of the 1st batch showed 600 ppm lead and less than 50 ppm potassium (limit 
of analytical technique), which indicates that lead removal is still an unsolved 
problem. 

was obtained, which was easily remved by inrmersion in 

- 

The O/U ratio of the first batch was 2.049. 
incomplete drying of the melt, %he presence of an air atmosphere above the salt 
bath, or oxidation of the 

This rather high value may be due to 

during the electrode removal operation. 

Mineral Reactions 

A recently introduced form of phenolic cation exchange resin, Bio-Rex 40, was 
found to have a 30 percent greater cesium capacity than Duoli-te C-3 in experiments 
with Purex neutralized high-level waste. The solutions were adjusted to 2.8 M OH' 
before capacity determinations were made. For this system the cesium selectiTity 
factor (Kd x Na+) for Bio-Rex 40 is 1164, for Dwlite C-3 is 900, and for clinop- . 
tilolite is 240. 

Experiments were performed to study the relationship between particle size and 
H.E.T.P. for columns of Duolite C-3 resin receivicg Wex neutralized high-level 
waste. By reducing particle size from ~3.833 m to <0.104 mm it was possible to 
reduce H.E.T.P. from 5.4 to 0.083 cm in laboretory eolurms. 
a residence tilre of 3.0 dn. 
scale columc could be reduced from be?ween one acd two hours to between oce and 
five minutes by a reducticn in par',icle size. 

The columns provided 
me results indica+& %hat resirlezce time in a plant- 

Condensate Strew 

Micro Pilo% Plant Run 18 which is evaluating the decontanination abiiity cf a bed of 
clinoptiiolite in the Yjdroger form ia still in operation, ie-ring treated over 
3500 liters (14,000 coilam volumes) of radioactive concemate wasze with an over-all 
gross be+,a decontamination fac+,or of mcre than PO. 
feed is treated in the exper'bectal steam s%ripper to remove organic and ammonia, 
acidified with nitric acid to a pH of 3 and passed through ac%ivated carbon for 
removai of residuaL orgacic prior to king ;;assed thrcugh the mineral column. 
Cesium, cerium, zirconiuui and niobiurr radioisotopes are removed ta 5elaw their 
.IvIFcw. 
the column effluent appears greater than tteir YE,. 
removed by $he mineral bed. 

deposited (regenerate? Luolite SlO) was e4fsci;ive in rencvfng 50 percent of the 
ruthenium from the mizere bed effluent, 5ur vas nct able to rezove the radioisotope 

The Purex Tank Farm condensate 

Strontiu isotopes are behg gartially rCmCved, but ?heir concentrstion in 
Ruthenium is not effectively 

Use of an anim resin on whlch copper metal hs been 

tc be9imFwa 
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Fission Product Glasses 

Two additional strontium-containing glasses were prepared, based on beryllium 
fluoride as the glass former. 
with the balance a mixture of BeF2 and All? 

these glasses was about two percent on a four-hour exposure to boiling water. 

These contained 67 and 50 percent SrB2, respectively, 
Melting point of the higher strontium 

*_ 

glass was relatively low (<go0 C) . That o I the other was 925 C. Solubility of 

BIOLOGY AND MEDICIIE - 06 PROGRAM 

TERKESTRIAL ECOLOGY - EARTE SCIE3cES 

Geology ad Hydrology 

In the application of the "Steady Flow in Soils" computer program to ground water 
flow problems occasional instability is encountered. 
for oscillation as the program over-corrects in the iterative solution of the non- 
linear equation, resulting in excessive computation time. 
methods to prevent and control ttis instability. 
3e utilized. 
mtrlx, the calculation commencing at the point of maximum instability and proceeding 
outward toward the boundaries. The second method utilizes an under-relaxation 
factor, which tends +a damp the oscillation. A determination was made of the optimum 
under-relaxation factor based on the number of iterations required. 
flow program the optimum under-relaxation factor was found to be 0.75. 
methods developed appear capabie of controlling the oscillation problems that have 
thus far been encountered. 

This condition is responsible 

A study was made of 
Two methods were found that may 

The first requires alteration of the order of calculation through the 

For the steady 
The two 

Field experiments were initiated to study utilization of a commercial well packer 
for measuring permeabilities in soil near a well. 
mental data to calculate permeability requires solution of the three-dimensional 
flow equation within the boundary conditions imposed by the packer experiment. 
Both analytical and numerical solution methods are being investigated. 

The interpretation of the experi- 

Five of the sixteen wells on Project CAE-921 are complete. 
estimated total footage is now drilled although about 60 percent of the time for 
project completicn is past. The slow progress continues to delay other work 
dependert on it for information. 

About 30 percent of the 

Weli 699-53-5: encouatered basalt, at a eepth of 304 feet rather than at 150 feet 
as predicted. Comparison of the log of the 
well to the log of well 299-E33-12 in 200 East Area and to the stratigraphy of Gable 
Mountain disclosed that at least one basalt flow is missing and probably eroded. 
Sediments lying above basalt in well 699-53-55 are probably in part equivalent to 
Eilenskurg interbeds rather than Rfngold sediments. Basalt interflow zones, some- 
times including interbeds, are confined bu+, permeable aquifers at Hanford. Hence, 
ground water movement into or ouf of the basalt series may be possible there, 
depending on %he potentiometric heads 

The well was completed at 455 feet. 

The Searing and extent of the erosional channel and the known stnctures are being 
st,udied to de5ermine the full significance of the anomaly. 
inagnetometer surveys are befcg reinterpreted. 

Ground and airborne 
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Soil Chemistry aad Geochemistry 

The cesium capacity in the absence of cornpet-ag sodium was determined to be 135 
meq/lOOg for clinoptilolite, 250 meq/lOOg for Decalso, and 50 meq/lOOg for Linde 
4A zeolite. The capacities were determined from the 50 percent breakthrough points 
of column experiments utilizing sodium-base zeolite and 0.01 N Csf solutions. 
effect of sodium concentration on the cesium capacity of Decaiso and clinoptilolite 
was determined in similar experiments, using 0.01 N Cs+ solutions containing 
different amounts of sodium. 
of clinoptilolite at sodium concentrations less than about 0.05 N. 
sodium concentrations the greater cesium selectivity of clinoptiiolite causes a 
reversal of this position and clinoptilolite has a greater cesium capacity than 
Decalso. 

The 

The cesium capacity zf Decalso is greater than that 
At higher 

Field Apparatus Development 

The vertical well current flownaeter was completed and laboratory-calibrated. 
In trials with the previously mentioned well logglng line hoist, it was determined 
that a higher voltage power supply would be needed to drive the unit through the 
cable furnished with the’well logging line hoist. 
is being assembled to permit use of the vertical well current flowmeter with the 
well logging hoist. 

Currently the new power supply 

Additional tests of the well packer were performed to establish its versatility and 
limitations in measuring piezometric head differences. Some difficulty with packer 
inflation over a period of several days was traced to particulate material lodged 
In the .check valve seat. Other than this the equipment has operated entirely 
satisfactorily. 
which has an indicated vertical flow of 200 cc/min. 

Only small piezometric head differences were measured in a well 

Silicon Diode Detectors 

The Ortec solid state diodes have been found to be superior to the Frisch grid ion 
chambers for certain special applications. 
amplifier system designed for analytical applications at the Purex plant was success- 
fully used for alpha energy analysis of samples measuring 15 rep/hr. 
tolerance for beta activity exceeds that of the Frisch grid ion chamber by a factor 
of about 103. 
of a 7 mm diode is 0.3 counts~lOG0mil70 Itev, compared to 40 for the Frisch grid ion 
chamber, a reduction of About 102. 
is its low counting efficieccy, especially with any but small area sources. The 
efficiencies of several diodes for two of the smaller source sizes are tabdated 
below: 

A 3.5 mm diode and low-noise pre- 

This high 

The background The detector also has value for low level sources. 

T3e only disadvantage af the solid state diode 

Diode Dia. 

(mm> 

3.5 
7 

14 

Counting Efficiency - (Percent) 
1/8” dia. 1 4” dia. 

Source Source 

12 

30 
40 

2.5 
10 

30 
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Columbia River Sediment Studies 

Although much of the bottom of the Columbia River contains very little sediment, 

Dam. 
analyzed in the laboratory. The long-lived isotopes Mn-54, 211-65, Co-60 and Cs-177 
were measurable throughout the length of the core. One of the cores showed a 
minimum of activity at a depth of about 17 inches, which indicates a widely varying 
rate of deposition of radioisotopes. Radioisotope ratio measurements indicate that 
the core represents the accumulation of about four years. More cores will be taken 
at greater depths to help determine the rates of build-up and radioisotope content. 

- some sediment cores 22 inches long have been obtained from the pool behind McNary 
These cores were quickly frozen to minimize radioisotope movement and '_ 

AliMOSPHERIC RADIOACTIVITY AmD FALLOUT 

Radioisotopes as Particles and Volatiles 

Further study of the equation for thermal deposition of particles in a conduit 
derived earlier, and discussed in last month's report (scJ-7065&), revealed a 
group of dimensionless terms which could be replaced by the Fanning friction 
factor. 
fied. An equation was derived for the mean temperature in the duct and thus 
avoided the need to approximate this parameter. It was noted, however, that the 
approximation did not seriously affect the result of the calculation of thermal 
deposition. 

The resulting expression for particulate deposition is materially simpli- 

The vapor condensation aerosol generator recently fabricated was used to generate 
aerosols of stearic acid, ammonium chloride, and triphenyl ghosphate. Size distri- 
butions'of the aerosols thus generated were wider than that anticipted and which 
will be needed in subsequent tests on particle deposition. 

Radiation Protection Studies 

In the current studies of radiation protection of erythrocytes, it has been assumed 
that the initial site of cell damage is the ceU. membrane. 
desigued and carried out to test this assuinption. 
the cell from hemlysis and yet appeared not to penetrate into the cell, actual 
measurements of erioglaucine ia the cell contents were mds. 
erioglaucine in the cell was less than one percent of the concentration outside 
the cell, a value $00 low to offer the protection observed unless the cell membrane 
is the site of iBitial damge and protection. 

An experiment was 
Since erioglaucine does protect 

The concentration of 

WH Reas:cf 
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dIOLOGY LAjOFr $,TORY 

A4, OFGARIZATION Ab3 P33OXfEL 

Dr. Frank P. Xungate, Manager, Plant Nutrition and Microbiology, started a 
one year leave of absence to accept an assignment with the IAEA in 
Athens, Greece. 
until February 28, 1962, at which time R. L. Uhler Will assume the duties 
until Hungate's return next fall. 

R. T. O'arien will be Acting PIanager during his absence 

B. TECHNICAL ACTI'IJITIET 

n -7 cL>IONABLE MAT%I.sLS - 02 PRCGW 

3ffect of Reactor Effluent on Aquatic Organisms 
C olumnari s 
The study of the effect of fish population density on the incidence of 
columnaris infection continued to show that this disease tended to be less of 
a problem when the fish were less crowded. 
of fish were held in troughs supplied with regular Columbia River water. 
date those with the greater populations of 900 and 450 have experienced the 
greatest mortalities of 4.7 and 4.4 per cent, respectively. 
populations of 150 and 50 have experienced no mortality to date. 
arises from columnaris endemic to the river and present in the water supply.) 

Four different initial populations 
To 

The lesser 
(Infection 

Fish samples from the Yakima River and Hanford Slough were negative for 
cblumnaris. However, minnows from the Hanford Slough which were placed in 
laboratory troughs promptly came down with the disease. 
infection among larger fish in the l46 building ponds is higher this year. 

Population Dynamics - Waterfowl 

Observations of gulls banded at Hanford have been reported from Vancmver, 
aritish Columbia. Indications are that a major portion of the young gulls 
produced on the Hanford Fieservation migrate northwest and then westward to 
the Pacific Coast. Significant numbers of ban returns were also received 
from southern California. 

The incidence of 

BIOLOGY AF3 MEDICINE - 06 PRCGRAM 

Strontium 

Two miniature swine were added to the chronic toxicity study at a daily 
feeding level of 625 

relatively short time, 

c (five times the present highest level of 125 pc/day). 
It is expected that c" his level will produce hematopoietic damage in a 

Analysis of the data from the experiments on Ca40, CalrS and Sr85 binding in 
serum is nearly complete, 
experimental finaings that not all of the serum calcium was exchangeable 

The results obtained suFported the earlinr 

with ir. vitro-added Ca 'B ., In addition, there was a definite pH effect upon the -- 

1230225 
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With relative ultrafiltrabilities e uclide nucl(de ml ultrafiltrate) ml Seflllll of the 

a sew pH of 6.8 the ultrafiltrabilitg/of -- in vitro-added Cab5 was 1 to 1.3 times 
that f serum calcium as compand to values of 1.3 to 1.5 imes se calcium 

1.2 to 1.5 and 1.8 to 1.9 times serum calcium, respectively. 

for df. At a pH of 7.7 the values for ultrafiltrable Ca 44 and Sr r were 

Additions of CaC12 to the serum did not have an a 
above relati 
after the Sr@$"C$?. However, additions of CaC12 at each of the three 
pH levels used resulted in a lower per cent ultrafiltrability for each of the 
nuclides. 
the ultrafiltrates were appreciably lowered by acditions of CaC12. At the 
serum pH values of 7.3 and 7.7, the concentrations of calcium and inorganic 
phosphate in the ultrafiltrates cQuld be approximated using solubility products 
for CaHpob and Ca (PO4)2 derived from the data. 

products 
by other investigators. 
reasonably satisfied but the concentrations of calcium and inorganic phosphate 
were too low to result 'in formation of Ca2(POb)2. 
the formation of calcium phosphate complexes in the blood of living animals 
may serve in addition to blood protein in regulation of the ionic calcium 
and phosphate levels. 

8ye 
Stxdiea are in progress to determine the effect of varying levels of 
alkaline earths in the perfusion fluid upon in vivo absorption of Sr 
and Cabs from the small intestine of the rat. 
a greater effect of Ca on CAS ab 
confirmed. Thus, the ratio of Sr@/Ca@ absorbed increases as the level 
of added Ca is increased from 0 to 25 mE4. 

effects are the same for both isotopes so that the ratio of Srg5 to Cab5 absorbed 
does not change with strontium level over the range of 0 to 25 mM. 
indications are that the effect of magnesium will be different from that 
of either calcium or strontium. 

reciable effect upon the 
ther the CaC12 was added 2 Ep hours before or immediately 

In relatbn to this, the cmcentrations of inorganic phosphate in 

Considering th electrolyte 

content of s rum, these values+of 3 + 1 x and 4 + 2 x lo-' % for the respective - 
POD and fla+7 p0E2compared well with those reported 

At-& s&m pH of 6.8 the product for CaKPO4 was 

These data suggest that 

-- 
Zarlier results which indicated 

rpt' n than on Sr8s absorption were 

The effect of ad ed stro ium is 
less than that of Ca. This is true in the case of both Sr 8? and Ca e f . Iielative 

Preliminary 

Iodine 

The amount of I l31 excreted by swine in urine and feces is being determined. 

The following conc@rations were observed about 20 hours after the 
daily feeding of I : 

Urine - Feces (wet wt.) 

Swine 4.9 10-4 pc/g 3 06 x 10-4 pc/ml 

she- u x 10-4 pc/g LO 10-4 pc/ml 

Ruminants, as previously reported, excrete a large proportion of the radio- 
iodine via the feces. Swine, like man ard many other monogastric animals, 
excrete most of the Iul via the urine. 
the above chart unless one realizes that swine excrete, on a weight basis, 
about five times as much urine as feces. 

This is not readily evident from 

022b 
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Neptunium 

Some data are now available 
intestinal absorption of Np259 in the rat. Solutions thought to contain 
predominantly Np(IV), Np(V), and Np(VI) were absorbed to the dent of .3, 
1.1, and 2.3 per cent, respectively. 
order to enhance solubility. 
chemical treatment and.not confirmed by analysis. 
absence of citrate and at much lower mass levels will be conducted 
employing ~p239 . 

the effect of valence state on gastro- 

In all cases citrate was present in 

Further studies in the 
Valence state was deduced from previous 

12302 

Plutonium 

Considerable difference is observed in the response of swine to intradermal 
injections of plutonium. On a given pig, however, it is possible to differ- 
entiate during the most reactive phase (i.e., the second month) between the 
5 pc, 1 pc and 0.2 yc sites. 

In an attempt to evaluate our -- in vivo counting methods, pig skin was 
injected at measured depths with measured amounts of plutonium. 
was then removed, monitored, submitted to Internal Dosimetry for in cvo 
counting and was analyzed radiochemically. The Biology -- in vivo counting 
method was fairly effective up to a depth of 4 mm, which is the depth 
used in our intradermal studies. At depths of 8 mm or more, neither in 
- vivo method was accurate, although that used by Internal Dosimetry waF 
considerably more effective than Biology' s . 

The skin 

Further data were obtained on dogs killed 30 days after inhalation of 
plutonium nitrate. 
Fer cent of the body burden, the liver 9 to 17 per cent, and the skeleton 
15 to 20 per cent. 
excreted in urine. 
excretion amounted to about 0.01 per cent of the body burden. Three 
other dogs were injected intravenously with solutions of plutonium nitrate 
to compare distribution and excretion with data obtained in the inhalation 
study 

All 27 dogs alive 21 months after inhalation of fi23902 were given thorough 
physical examinations. Only a few showed abnormal respiratory rates, but 
all have low blood lymphocyte levels. 

In all three dogs tested the lung contained 64 to 72 

Less than 1 per cent of the total deposited dose was 
During the fourth week after exposure daily urinary 

It has been found possible to prepare a plutonium solution in such a form 
that approximately 90 per cent of an intravenous dose is deposited in the 
liver of rats. 
appreciably affected by subsequent GTPA treatment (less than 5 per cent 
removed), 

This plutonium, presumably of a colloidal nature, is not 

There is, however, some translocation to bone. 

Radiation Effects on Cells 

The mitotic cycle of the pea root meristem has been rtoolved as follows: 
pre 3AA synthesis three hmrs, DI4A synthesis 4.5 hours, post DnA 
synthesis 2.25 hclurs and 2.25 hours for mitosis. 
is inhibited by 800 r and partially inhibited by 400 r. 

Entrance into mitosis 
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Radiation Effects on Insects 

Results from X raying different life cycle stages of Tribolium indicate 
that the doses required to induce sterility ani lethality widely diverge 
at the white pupal stage. The sterilizing dose is consistently below that 
inducing lethality. 

A gmss morphological abnormality was found in an immature Tribolium pupa. 
Genetic tests were performed to determine if it was an inheritable mutation. 
Results showed it was not. 

Microbiological Studies 

Studies on the mechanism of action of X rays on the yeast cell membrane 
indicate that permeability changes are all or none. 
cell has a threshold which much be exceeded before the membrane becomes 
permeable allowing cell contents to leak out. 
seen with mercury-treated cells. 
membrane SH groups, it is suggeated that X rays act on the same sites. 

That is, each 

This is similar to effects 
Since mercury reacts specifically with 

Plant Icology 

Cesium-U7 values in dried 
in the northw&stern United 
landscape units and tested 
are useful in interpreting 
dried milk. 

milk products from ten milk sampling stations 
States were grouped according to biologic 
statistically to determine whether these units 
the geographic distribution of Cs137 in 

The results indicate significant differences between the milk samplhg 
stations in coniferous forest 

’zones. The differences on Csi3fj content’is attributed largely to the 
precipitation features of these vegetation zones. 

raire grassland and sagebrush vegetation 

Project Chariot 

Collections were made of tundra vegetation and samples of caribou flesh, 
bone, antler, organs and stomach contents for radiochemical analyses of 
fallout products . 
Permanent plots were established in a lichen community grazed by caribou. 
Analyses were made of the standing crop on species, weight, canopy coverage, - 
and grazing utilization. 
measurement of Froduc tivity. 

These plots will provide a basis for future 

Analyses of water from ponds and streams showed a marked difference 
in the chemical properties of the water from one pond (Pond 1) compared to 
others in the Cape Thompson area. Iron, magnesium and sulfate values 
were from 2 to 23 times higher in this pond compared to the others. 
Studies are in progress to determine if tkre are differences in the plant 
and animal populations associated with these water chemistry differences . 

r,% 
BIOLOGY LABRATORY 

RC Thompson:es 

1230228 UNCLASSIFIm 



D- 5 HW-7087 2 

Co Lectures 

a, Papers Presented at Formal Meetings 

R. 0. McClellan, !!Biological effects of Sr9* in miniature 
August 22, 1961, American Veterinarian Medical Association Convention, 
Detroit, Michigan e 

b. Seminars (OffSite and Local) 

University of Washington Summer Institute held -in KO-F Area, August 8-9, 1961: 

3. Jane Coleman - lrAutoradiography1! 
R. To OfBrien - !'Permeability changes or catalase" 
R, 0. McClellan - "Large animal research!! 
W. J. Bair - ' tlRaciioactive Par tic le Inhalation Studies!! 
P. A. Olson - "Effluents and river fish" 
J. E. Ballou - IITjTical experiment on internal emitter" 
R. C. Thompson - "Problems of internal emitters 

AEC Yealth Physics Fellowship Program - 3cO Area - August 1961 

We J, Bair - 8/7/61 - llInhalation problemstf 
F. P. Hungate - 8/l4/61 - "Genetic effects" 
R. C. Thompson - 8/21/61 - !!Internal emitters" 

Hanford Seminar for Science Teachers - 300 Area - August 28-30, 1961 

We J. Bair - IIInhalation studies of internal emitters1! 
R. C. Thompson - Y3rief history and trends of research at 'rIanfordl? 
J. E, Ballou - ltSmall animal studies with internal emitterst1 
W, He Rickard - ttEcological problems" 
J. Vantt Hof - Wethodology for the study of radiation effects at 

Le A. 

Others : 
L. A. 

F, Po 

the cellular level" 
George - The effects of whole body or localized radiation 

exposure of animals" 

George - "Biological effects of radiation,!! 8/9/61, 

Hung ate - lrCalcium-stmntium uptake in plants ,I' 8/3-4/61, 
participants in First-Line kanagement Frogram, 'UPO, 700 ;.rea. 

Oregon State College, Corvallis, Oregon. 

c. Seminars (Biology) 

Dr. Ini. S. So Jee, August 15, 1961 - frgm tne University of Utah - 
"Bone Autoradiography" 

do Miscellaneous 

R, E, Nakatani, August 4, 1961 - "Fish of the Columbia River" - YMCA 2ay Camp, 
Columbia Park , 
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D. Publications 

a. HW Documents 

aair, W, J. and D. H. Willard, lrPlutonium inhalation studies. 111. Effect 
of particle size and total dose on retention and translocation,It 
Document EIw-68645, March 1961. 

b. Open Literature 

II Bair, W. J., Deposition, retention, translocation and excretion of rdioactivc 
particles,I1 in Inhaled Particles and vapours, Pergamon Press, pp. 192-208, 
(Proceedings of Symposium held in Word, &gland, April 1960) (1961). 

Willard, D. H. and W. J. Bair, "Behavior of IU1 following its inhalation as a 
vapor and as a particle,lf Acta Radiologica 55, - 487-lrF6 (1?61). 

Hackett, Patricia Lo, L. A. George, C. K. dames, and L. K. dustad, 'lChanges 
in blood constituents in sheep-after thyroidectomy," An. J. Phhiol. -3 2CO 
1011-1012 (1961) 
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION 
MONTHLY REPORT - AUGUST, 1961 

Dr. J. B. Goebel joined the Operation on August 4, 1961,as a mathematician 
and has been assigned to the Experimental Statistics function. 

Mr. R. L. Buschbm went on leave of absence on August 31, 1961, to start 
work on a master's degree in Biametrics at the University of California. 

OPEWYI!IONS RESEARCH ACTIVI!TIES 

Input - Output Model 
Learning curves for the irradiation process and for HAPO as a whole have 
been developed. !be question concerning the effect of additional facilities 
on the operational learning curve has been resolved. 
of (1) adding facilities, (2) consolidating overhead, and (3) reducing 
operating cost in existing facilities has been studied with regards to their 
effect on cost learning. 
this curve through improyed cost efficiency in new facilities. 

The relative importance 

The addition of facilities has a major effect on 

HAPO Criteria StuQ 

The third draft was ccnnpleted and is being 

OPERA!TIONS ANALYSIS STUDIES 

Fuel Element Performance 

A report relating in detail the polyndal 
distortion was issued. ?his method is now 
are being made to re-calculate much of the 

reviewed. 

method of describing f'uel element 
being used routinely, and provisions 
past data. 

An investigation was made of the effects of using only the first failure of 
a multiple failure lot in rupture analyses. 
rupture data are being put were considered, and recommendations were made 
of actions to take with regards to data from multiple failure lots in these 
situations. 

The various uses to which 

Two questions were considered in connection with evaluating the rupture 
performance of the overbore fuel element: 
overbore channels to demonstrate integrity of the f'uel element with rupture 
free performance prior to a certain date, and (2) how best to utilize 
existing channels in this regard. 

(1) the existence of sufficient 
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Assistance is being given in +e desiga of a proposed high temperature, 
high pressure autocJave test to determine autochve conditions which wi~ 
better remove potential ruptures. 
expected to be derived fran such a test, 

Several important side benefits are 

Process Tube Carrosion 

Assistance 
problem, where the leaks are caused by internal corrosion. 
prdmlog schedules call for an excessive amaunt of probologging in order 
to insure that potential leakers are removed. 
derive an equcrlly effective schedule which requires less probologging. 

is being provided in cannectian with the process tube leak 
Existing 

Attempts will. be made to 

Informatton System Studies 

Debugging and testing activlties of the Z-Plant ccPrrputer continued in 
preparation for the operational test. 

At a meeting of AEC and EWO representatives with represeatstives of the 
General. Electric Ccmrputer Department, the questions& the operational date 
of the cmputer and the time at which the lease agreement was to start were 
satisfactorily negotiated. 

Reliability Studies 

At the request of a member of Irradiation Processing Department, work was 
begun 09 a reliability analysis of vsrious instances of trip logic of the 
kind generally lmown as %a,jority gate" logic. 

Diffusion Studies 

Comparison tests are being conducted on two different IBM-7090 Programs, 
which have been written to obtain Inxmerical solutions to transient-state 
nonlinear diffusion problems. 
methods exhibit excellent stability characteristics, but that they differ 
markedly in their convergence rate depending upon the type of boundary 
conditions imposed by the problem. 

Preliminary results indicate that both 

Inventory Studies 

A meeting was held to answer same further questions concerning the 
implementation of inventory sampling. 

SmZ!S'pICAL AND MAPIEMATICAL ACTIVITIES FOR OMER HAP0 COMPONENTS 

Fuels Preparation Department 

Data are being analyzed to obtain an estimate of the canning conditions 
leading to optimum quality of the eight-inch I and E fuel elements.. The 
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cuboctahedron design employed in this test covers the same sets of conditions 
previously used for four-inch and six-inch fuel elements. 
cmparisons will also be made. 

Several sets of calibration data relating film density to fuel element cladding 
thickness were fit. 
best curve for predictive purposes was then selected, where this choice depends 
on the residual error and the parameters of the model. 

Between test 

These were based on different film exposure times. The 

Consulting services were provided in connection with selecting an appropriate 
sampling plan. Fixed sample size plans were campared with sequential plans. 

Irradiation Processinp; Department 

Three alternate sequential sampling plans were computed for use in the sampling 
of splines. 
is required to be defect-free before a lot can be considered acceptable. 

This was in response to a request to de3ermine how large a sample 

Work continued on the problem of constructing a stochastic model of within- 
pile neutron flux in the presence of neutron sinks. 
structed, will serve to aid,in the minFmum cost within-pile detection of 
neutron sinks. 

!The model, when con- 

Chemical Processing Department 

Somewhat incomplete failure data for jumpers used in the separations processes 
indicated that they probably can be described by the Weibull distribution. 
memo was prepared presenting this distribution, indicating how to estimate its 
parameters, once the data are more complete, and pointing out how to interpret 
the results. 

A 

Calculations to demonstrate conformity to specifications were completed for 
parts shipped during the second quarter of CY-1961. 
instrument difficulties in measuring isotapic content. 

The delay was due to 

An investigation was made of the relationship between part density and 
impurity content, and between normal shrink and impurity content for special 
tes3 parts. 
on button quality. 

A similar study is underway to determine the effects of impurities 

An evalmtion is being made as requested of the system in use to calibrate 
micropipettes. 

Comparisons were made of counting data from a new %ne alpha counter and 
from the standard instrument. 

A shdy was made to determine whether any real difference in efficiency 
existed between the types of mal supplied by differen+, vendors and burned 
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in the 284-E and 284-W Powerhouses. 
coal had a signuicantly lower burning efficiency than the other types, but 
only when burned in the 284-W Powerhouee. 
significant diflerencee in efficiency among the remaining types of coal. 
Further imstigation lndlcatee that the difference probably arises from 
differences in &?sign of two of the boilera in 284-W. 

Re8ult8 indicated that one type of 

There was no indication of 

Work continued on the problem ;of providing a queueing theory model of motor 
vehicle usage in the 200 Areas. 

Analytical and coneulting serpices continued in connection with the develop- 
ment of a tape controlled guiding mechanism for the Gorton lathe. 

Contract aud Accountinq. 

Several meetings were held wia representatives of Business Systems 
Developent Operation to discuss the developexrt of a linear programming 
model of the fuel element fabrication and scheduling process. 

2000 program 

Fuels Developent 

Consultations were held on methods of taking and analyzing data which 
serve to characterize the cross sectional and axial warp of long fuel 
before and after irradiation. 

Chemical Development 

An attempt is being made to develop an efficient and reliable routine 
will obtain the solutions to a set of nonlinear algebraic equations. 
problem is a repetitive one, the 9c8wer8 sonrlng to characterize the 

would 
e lement s 

which 
The 

distribution and form of the ~rarious elements involved in a specific chemical 
process. 

The statistical evaluation of various recording instrument calibration 
experiments continued. 
tion function for the mid-column photometer wm estimated from experimental 
data. 
water teqerature. 
flow rate as a function of solution density, bob position as measured by a 
voltage ratio, and the air system zero pressure flow setting was estimated 
from suitable experlaental data using the YELLY nonlinesr least squares 
routine. 

A more sophisticated form of the temperature correc- 

This function includes the effect of 911 incremental change in standard 
The calibration fmction for the rotometer, which expresses 

PreUminary analyeis of the absorptiometer calibration experiment data was 
be-erence cell data are being amlyzed to determine the degree of 
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instrument drift during the course of Le three-day experiment. 
of this drift will govern the method of correcting sample cell voltages to a 
nominal level using an as yet undetermined time average of the reference cell 
values. Several discussions were held concerning the estimation of the unknm 
parameters.in the differential equation system, which expresses the mass trans- 
fer of uranium in the column as a function of vertical position and time. 

The magnitude 
,_ 

Reactor efluents Studies 

The past work m this program is beiag reviewed in anticipation of meetings with 
Chemical Research personnel to discuss additional assistance to the program. 

4000 Program 

Swelling Studies 

Void fraction and void density estimates were calculated on the IB4-7090 for 
all fission gas pore size distributions currently available. 
variance routines are being used to investigate the effect of burnup, axial 
position, annealing temperature and annealing time on the void fraction and 
the void density for each distribution. 
the functional form of pore size distributions with hopes of expressing the 
effect of' the abme mentioned variables in terms of shifts of appropriate 
distributional parameters which have physical significance. 

BIMD analysis of 

Analysis is in progress to determine 

Plutonium Recycle 

Statistical analysis was completed of the OD fluorescent penetrant nondestruc- 
tive test data and the final results of the analysis conveyed to interested 
persons 

Bioloa 

Work continued on the problem of constructing a mathematical model of the 
response of ?ibolium confisum, and 3iboliG castaneum to low level irradia- 
tion. 

A statistical analysis was made to investigate the existence of an association 
between rainfall and cesium content in milk and vegetation zones. 
of zone effects in both rainfall and milk sampling data was tested and further 
snalysis also carried out to determine if a direct association cad be proved. 

The hypothesis 

Geochemical Research 

An attempt is being made to obtain the solution to a multiregion potential 
problem, 
the permeability of a particular subszface stzatum. 

The problem arxe during the design of an experiment ta measure 

-1 
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General 

RBdiation Protection 

The calibration equation previously studied represents the average data for 
gamma shielded and gtumpa open window readings very well through the range 
15 p11: - 5OOO mr. It is less satisfactory for beta readings. 

The film badge pencil data for a sample of HAP0 people have been transcribed onto 
IBI ca.rds, and initial screening experiments and correlation studies are 
currently in process. The exact direction and degree of future analysis 
will depend on the outcome of these runs. 

Atmospheric Diffusion Studies 

A review was initiated of the methods of statistical analysis used in the 
tiiffusion experiments data to obtain damvind cross section profiles and 
meteorological parsmeters expressing the diffusion and deposition as a 
function of distance from the source. 
total amount of material passing a given position downwind should cofielate 
mare closely with experimental data than an instantaneous Fickian diff’usion 
model modifled for gmund perturbations. Appropriate mathemstical develop- 
ment is underway to construct such a model. 

Atime average model expressing the 

Instrumentation 

Statistical analysis of data from the Schaevitz system calibration study 
conducted by Instrument Research and Develapment Operation was com-pleted. 
Calibration curves Kith their appropriate confidence intervals were 
determined far the Schaevitz system on three different scales. 
methods used in the analysis were outlined to personnel of Instrument 
Research and Development Operation so that in the future data for similar 
Calibration studies can be submi5ted directu to Data processing. 

Statistical 

Recision and accu~-acy study of a quantitative colorimetric method for boron 
analysis was completed. 
method, the heterggeneity in the boron content of the samples submitted for 
analysis was estlma;=ed. 

In addition to the precision and accuracy of the 

Division of Resesrch Program 

Work continued on the correction of program data in +&e IRA master file. 
pxcedure was devised and the logic of a ccmrputer program written out for 
the quaatitative reduction of EL set of time dependent multichannel energy 
spectra. 

A 

Instranem Research and Development 

Wozk on the EM-7090 program to compute the longivity of neutron flux monitors 
as a functlm gf their isot3pic constituents is nea-ing capletion and is soon 
t3 b 
use stridies 

over 53 Instxment Research and Development Operation for their 
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Coatings and Corrosion 

A test was designed to evaluate the effects of using slight amounts of chromic 
acid in the autoclave as a corrosion inhibitor. Various autoclave times and 
temperatures will be utilized in the test. 

Methods Development 

Further modifications were made in NELLY, the HLO version of the Los Alamos 
nonlinear least squares routine discussed in Los Alamos document LA-2367. 
The modifications allow for the use of the monotone convergence option and 
the quadratic gradient option in conjunction with the restriction of param- 
eter signs option. A second modification involves a change in the stopping 
nile from one based on distance moved in the parameter space to the degree 
to which the normal equations are satisfied. 

The complete series of BIMD statistical routines have arrived from Western 
Data Processing Center and a number of these have been transcribed from 
magnetic tape to cards. 
variance routines are operational on the Im-7090. 

To date, a screening routine and two analysis of 

Work continued on the bibliography of statistical techniques for the 
of cmposite distributions. In addition to searching on-site literature, a 
number of off-site requests for specific periodicals have been made, and 
copies of the relevant ones attached to the bibliography. 
organized for ready reference to specific kinds of ccnnposite distributions 
which arise in connection with Hanford problems. 

reduction 

Material is being 

Manager 
OPERATIONS RESEARCH AND SYNTHESIS 

CA Bennett :dgl 
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PROGRAMMING OPEFMION 

AUG'JST, 1961 

I. =TOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM IIECYCLE PROGRAM AND SPECIFIC FUEL CYCLE ANALYSIS 

At the expense of all other plutonium recycle studies, an accelerated 
program was undertaken in which plutonium values were computed for a 
variety of reactor cases and economic conditions. Although the data 
are still regarded as very prelimfnary and an estimated six months 
will be required in order to check and explain the results, a preliminary 
report was sent to Washington, D. C., on August 11, and discussions 
were held with personnel from the Divisions of Reactor Development and 
Operations Analysis in Washington on August 27-28, 1961. 

A summary of the most pertinent observations fram the report is as 
follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Reduction of the amount of u-238 in fuel elements allows better 
use of Pu-240 and elevates plutonium values, possibly to $20/gram 
fissile in thermal. reactors. 

Plutonium values vary with reactor type and fueling strategy to 
such an extent that a single value is hard to establish for a 
given isotopic plutonium ccmrposition. Of five prototype reactor 
studies (PWR, Gas-Cooled, BWR, D20, and Organic) at full u-238 
concentrations the values varied from $14 to $8/gram flssile, in 
the order listed. Variation of u-238 concentration raises these 
values and appears to reduce the variance between reactors. 

Phoenix fuels will have high values over and beyond central station 
power uses. 

Reactor zoning tends to elwnate adverse effects on plutonium 
value caused by any penalties involved with plutonirun toxicity. 

Change in price of fully-enriched uranium has been shown to be 
the major impact of altered uranium price schedules on plutonium 
values. 

Plutonium-242 detracts from plutonim values and simple formula- 
tion of a negative term for this effect appears possible. 

The thorium and c-238 systems are remarkably parallel in isotopic 
sequence and over-all neutron balance. 
differences are not as great as casual analysis indicates. 
major aspects bringing the values of V-233 and plutonium together 
are the Egh plutonium cross sections which enhance ~-238-flutonium 
values and the relatively long half life and high cross section of 
protactinSLun-2-33 (precursor of V-233) which detracts *om the 
valile of 3-232-U-233 systems. 
systems may be the best xethod of -zing the values of each, 
as prevlously repcrted under C'mkineC %el Lycles. 

The resulting value 
Two 

Crossing the progeny of the two 
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Of the foregoing results, the Klteraticn of ~238 concentration in 
fuels with plutonium enrickmenr. is possibly the most mortant point. 
It appears that plutonium is penalized when substituted for Y-235 
enrichment in an optimized U-235-U-238 fueled reactor without readjust- 
ment of the u-238 concentration to accout for the special properties 
of plutonium. It follows then, that most of the plutonim values 
quoted to date by various analysis groups are low because such studies 
do not appreciably alter the concentration of 3-238, even though the 
fissile enrichment level In u-238 is adjusted. 
productivtty of plutonium enrichment, the U-238 concentration usu- 
mxlst be reduced to bring about optimum neutron absorption levels in 
Pu-240 and u-238. 
utilization of the high absorption cross section of the plutonium 
isotopes. 
increase in computation, but appears mandatory as incomplete data 
developed to date indicate that plutocium values of $20/gram fissile 
may result. 
in fuels may result from allowing greater versatility of fuel element 
make up and design which would reflect in further productivity increase. 

To maximize the 

Reduction in u-238 concentration also allows mer 

Analysis of the concentration effect requires an extensive 

Another possible advantage of reduced v-238 concentration 

Ofthe available computed HLO data, the best comparative set of 
plutonium values is being developed with the CSAIN MELEAGER code. 
This code involves "Unking" or "chaining" appropriate codes so that 
they can be called into the computer's rapid access memory from 
standby magnetic tapes as needed. 
major programs: 

The chain consists of the following 

1. 

. 2. 

3. 

4. 

The 
the 
the 

- to supply the physics data. 

- to supply the cost data by operating on NXFAGER QUICK 
results . 

MINIMIZEE - to determine the minhm fie1 cost. 

PUVE - to establish the plutoni-an value resulting fYom 
an appropriate recycle sequence. 

computer operating sequence sf,arts with uranium enrichment of 
reactor; and the plutoni-a askes fYom tEs are used to enrich 
next cycle {with supplementary 7-23: enrichment, as needed) and 

so on with Mher cycles -at11 encjugh statistics can be developed 
to solve for the plzzonian values. 
conditions for a set of esthated plutonim prices. 
(PUVEj determines the plutocim value for the p1l;tonium he1 going 
into the reactor and for the plutor_iui removed from the reactor. 
Due to the isotopic compositicn Zhanges with irradiatioc, these ash 
values are generally not equal. %e pliltonium values resulting from 
PUVE are then compared with tte estisated values origlnally assigned 
for each step in the 2ULN KAAXF, so %ha?; dnim cost points could 
be selected. If sufficienT difference e,xZsfs, Few plutonium value 
estimates are prepared cd the ckain seq-derce is rerm unt~1 adequate 
convergence is achieved.. 

Each cycle is chosen at optim 
%e soliltion 

C)f The data FLI 'c3 date, only one such 

I230239 
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- 
iteration was made. Iteration of the rest of the cases is awaiting 
other data checks to minimize the number of reruns that may be 
required. 
generalized reactor types: 

Initial results are presented for the following flve 

APWR - Advanced Pressurized Water Reactor 
(As described in TID-8502.) 

BWR - Boiling Water Reactor (A generalized description. ) 

OMR - Organic Moderated Reactor (As described in TID-8501.) 

D20 - Deuterium Oxide Moderated (With zirconium tubes - a 
general type.) 

Gas 
Cooled - Gas Cooled Graphite Reactor (General type patterned 

after "Bradwell". ) 

Plutonium values are listed for the plutonium composition that results 
from various cumulative exposures with u-238 measured in megawatt 
days per ton of u-238. !IWs tabulation is used because exact matching 
of plutonium compositions for the various reactors is not possible. 
Table I lists the plutonium values for batch cycles in the various 
reactors with the plutonium compositions selected in descending order 
of relative Pu-239 concentration for each of three cumulative 
exposures: 15,000; 30,000; and 60,000 megawatt days per ton. Plutonium 
compositions as a f'unction of exposure match the best for the APWR I, 
BWR I, and D20 I1 runs. 
these axe between $11.00 and $13.60 per gram fissile as nitrate. The 
Gas Cooled reactor yields the highest values and the Organic reactor 
the lowest values. APWR I1 is a rerun of APWR I using the resulting 
APWR I results as plutonium value estimates in APWR 11. The difference 

not done in the short time milable in order to increase the scope 
of the evaluations for the five reactor types as follows: 

Note, also, that the plutonium values for 

. in results is significant and all cases should be iterated. This was 

Applied AEC C-se Caarge $/v 

mm I - Batch 4.75 
APm I1 - Stch 4.75 (Iteration I) 
AFTI III - Satch 12.5 
APWRIV - Batch 4.75 (3elta* PU FZFJ = $45/lb of U) 

BMR I - Batch 4.75 
BWR - Graded 4.75 

* Delta Pu F'EF-7 = Pael element fabricating and jacketing costs 
for plutonium enrkhed fuel mincs the corresponding costs 
for urani-m enriched fiels. 

UNCLASSIFIED 
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- Batch 12.5 
- Batch 4.75 

D20 1 

$0 - Graded 4.75 

organic - Batch 4.75 

D20 I1 

Gas Cooled I - Batch 4.75 
Gas Cooled I1 - BBtch 4.75 (Reduced moderator; i.e., tight 

lattice. ) 

Table 11 shows that increasing the f’uel use charge from 4.7’5 to 12.5 
percent decreases plutoIrLum values somewhat. These values, of course, 
are not iterated with better estimates from PWE, and other analyses 
where this has been done show less variation with the interest rate. 
Increases in fuel cost with higher interest rates is its greatest 
effect, a8 shown at the bottom of Table 11. 
plutonium values is the effect of batch and graded fie1 cycles that 
is shown for the BWR and D20 machiaes in Table 111. In this instance, 
a definite reduction in plutonium value is observed. Note, dso, 
that the fuel cost for graded cycles is less thm for the batch cycles 
for these reactors. 
by consistent argument at this time. Additional study of the differ- 
ences between batch and graded must be made. One major difference is 
the reduction of enrichment level with batch cycles which softens 
the neutron spectra and thereby reduces the plutonium cross sections. 
It is suspected that results using optimized u-238 densities for each 
step will bring the plutonium dues together for batch and graded 
cycles in the same nuclear reactor. 

Of more lmpact to 

The validity of the results cannot be supported 

As plutonium recycle is continued, the isotopic density of Pu-239, 
240, and 241 reaches a psuedo equilibrium value relatively soon 
(30-50,000 megawatt days per ton cumulative) Fu-242 continues to 
grow in and does not reach equilibrium until fantastic cumulative 
exposures are achieved as Pu-242 has a relatively low nuclear cross 
section. PU-242 is a parasite as far as the fuel cycle is concerned 
and, as such, detracts from the plutonium value. It was possible, 
therefore, to correlate the vahe of recycled plutonium batches with 
negative contributions for Pu-242. 
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The predicted values from the fitted equations show surprising agree- 
ment with those from the machine calculations, as shown below for 
the APVR I1 and Gas Cooled I1 which represents the least and greatest 
error of fit: 

APWRII 1 10.76 
2 10.01 

3 9-33. 
4 8.72 
5 8.27 

GSS 
Cooled II 1 7.76 

2 6.85 
3 6.23 
4 5.74 
5 5.37 

10 .g4 
9.92 
9 *29 
8.78 
8 .ig 

10.02 

7-19 
6.20 

5 -73 
5 -35 

The results for Step 1 show the greatest difference (especially for 
the Gas Cooled 11 results). This is thought to chiefly result from 
a nonequilibrium-240 situation. 
not be used for plutonium batches that result f’rom exposures much 
below l5-2O,OOO megawatt days per ton, i .e., before establishment 
of a psuedo equilibrium condition for Pu-240. 

Therefore, these equations should 

The general form of the fitted equations is as follows: 

$/g putot = K -A(*. fraction 242)n 

In some cases the value of A showed considerable variance and it was 
necessary to introduce an exponent for the Pu-242 other than 1.0, 
to secure values for K and A which were approximately constant. 

The set of resultant equations for most of the cases covered by the 
CHAIN MELEAGER and reported in Tables I, TI, and I11 are as follows: 

AFVR I1 $/g Putot = 11.15 -18.60(wt. fraction 242) 
APWR N $/g “tot = 11.15 -18.60(~t. fraction 242) 

APWR 111 $/g =tot = 10.50 -26.50(wt. fraction 242) 

BwR I $/g PUtot = 10.76 -37.70(*. fraction 242)la2 

Organic $/g 3Utot = 9.15 -76.00(wt. fraction 242) 1.15 

D20 I $/g Wwot = 8.80 -16.40(wt. fraction 242) 
D20 I1 $/g F+ot = 10.70 -23.25jwt. *action 242) 

UNcwsIFIm 
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11. 

Gas Cooled I1 $/g PUtot = 8.25 -11.5O(wt. fraction 242)(Poorer fit) 

BWR Graded $/g Putot = 7.52 -15.50(wt. fraction 242)lS2 

D20 Graded $/g PUtot = 7.33 -18.00(wt. fraction 242)lq5 

There are a number of other statistical methods of correlating the 
data being investigated - many of which will be more informative than 
the method just shown. Among these is an effort to establish unit 
values for each plutonium isotope present and, in addition, a term 
dependent upon the nuclear reactor characteristics which apparently 
will involve the degree of moderation and the effective moderator 
temperature. 

ANNUAL REPORT 

The Plutonium Recycle Program Annual Report for fiscal year 1961 has 
been assembled and will be issued on September 15, 1961. 

OTHER ACTIVITIES 

1. . Radioisotope Production 

The incremental cost of neutrons produced in a large reactor was 
examined for use in the manufacture of special radioisotopes by 
irradiation. When costs for burnup, fabrication, processing, and 
use charges were considered for low enrichment fuels, the cost of 
neutrons was found to be close to $4,00O/gram. This then gives a 
cost of about $17/gram of special isotope assuming an atomic 
weight near 235. This cost is smaLl in comparison with other 
costs associated with isotope preparation such as the cost of 
the target material and the special fabrication and processing 
necessary for these unusual materials. 

2. Drinking Water Standards 

The new Public Health Service Drinking Water Standards as published 
in the Federal Register include radioactive materials for the 
first time. Particularly unfortunate is the establishment of a 
limit based on the concentration of gross beta emitters in 
drinking water. The gross beta level has long been utilized as 
an alternative to detailed radiochemical analysis and evaluation 
as recommended by the NCRP. 
beta emitters as a limit poses several problems, primarily 
because the difference in hazard of various radionuclides is not 
taken into account and because of the difficulty in measurement 
and interpretation of measurements. 

Use of the concentration of gross 
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Although the drinking water in Pasco exceeds the proposed limit 
for gross beta emitters, 1,000 ppc/l, the dose to the GI tract 
(critical organ for this mixture of radionuclides) is only about 
80 -/year compared to a permissible limir; of 1,500 mrem/year. 

3. Miscellaneous 

C. A. Rohnnann presented a lecture on "Special Radioisotopes as 
Power Sources" for the Ninth Annual Naval Research Seminar at 
the Sand Point Naval Air Station, Seattle, Washington, August 14, 
1961. The audience comprised about eighty Naval Research Reselcve 
personnel from the Thirteenth Naval District. 

A report, "Arsenic and Its Radioisotopes in the Environs," was 
prepared by R. L. Junkins for presentation at the First symposium 
on Radioecology, September 10-15, 1961, at Colorado State University. 

WK Woods: jm 
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RADIATION PROTECTION OPEFATION 
€EPORT FOR TRE MONTH OF AUGUST, 1961 

A. ORGANIZATION AND PERSONNEL 

Virginia A. Warford was transferred from Internal Dosimetry to the Laboratory 
Auxiliaries Operation on August 7. 
Construction Engineering and Utilities Operation to Composite Dose Studies and 
Records on August 14, replacing Maryann L. Sheldon who resigned from the Company 
on August 18. 
completed their temporary assignments with ths Compaqy and resigned effective 
August 23 and August 30, respectively. 
Internal Dosimetry to the Chemical Processing'Department effective August 28. 
Myrtle S. Ghent was deactivated effective July 18 due to personal illness. 
work force now totals 134. 

Geraldine P. Staats was transferred from 

Two summer employees, Harold I?. Eauser and Calvin E. Gentle, 

James E. Atterberry was transferred from 

The 

B. ACTIVITIES 

Occupational Expo sure Experi enc e 

There were four new cases of plutonium deposition confirned during the month; 
thus, the total on record is 271, of which 197 are currently employed. 

A CPD process operator received a plutonium deposition estimated as 2 percent 
of the maximum permissible body burden as the result of a contaminated minor 
injury received at the 234-5 Building on May 31, 1961. 
injury at the Whole Body Counter at that time showed about 2 x 10-3 pc plutonium 
and no medical action was taken. 

Examination of the 

Biological sample results confirmed that a CPD process operator received a minor 
deposition of plutonium as the result of the spread of contamination that occurred 
while he was working in the PR room of the Furex facility last month. The depo- 
sition is estimated as less than one percent of the permissible body burden. 
Another CPD process operator received a plutonium deposition extimated as less 
than one percent of the maximum permi'ssible body burden as the result of a con- 
taminated minor injury received at the 234-5 Building last month. Examination 
at the tJhole Body Counter indicated that about 3 x 10-3 pc of plutonium remained 
at the injury site after medical excision. 

Widespread plutonium oxide contamination occurred during a hood removal operation 
at the 234-5 Building by construction forces when a cloth tape contamination 
barrier was inadvertently pulled off the bottom of the hood. 
personnel and one GE employee received extensive skin and protective clothing 
contamination with nasal smears to 1500 c/m. Spot sample analysis for one con- 
struction employee who received head, face, and neck contamination greater than 
40,000 d/m indicated a deposition in the range of 10 percent of the permissible 
body burden. 
and medical treatment consisting of an expectorant and an intravenous injection 
of one gram of calcium DTF!A vas performed. On the basis of initial biological 

~ 

Six constvction 

According to previous discussions, Industrial Medicine was informed 
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sample results following the treatment and assuming a conservative factor for 
the increase in the excretion r!te effected b;. the DTPA, deposition was esti- 
roated as less than 5 percent of the maximum pxmissible body burden. Bioassay 
was also initieted for the other.personne1 involved. 

Two CPD engineers received whole body eqosures in excess of the Bnfcrd 
operational control when they were exposed to uncontrolled dose rates up to 
5OC r/hour. The exposure occurred when the men entered a trench to inspect 
welds on two lines lesding to a newly constructed waste crib for the Purex 
fscilit,j. 
ex2osure. 
involved indicated that the whole body dose was between 1.7 r and 2.1 r for one 
erTloyee and between 2.1 r and 2.8 r for the second individual. Previous e:qo- 
sure for this calendar year was negligible for both men. 

Premature snd unauthorized usage of the lines led to the uncontrolled 
Evaluation of the film badge dosimeters and analysis of the dosiEetrj 

Routine processing and analysis of the film badge dosimeter for 3 CPD lakoratory 
technician at the 234-5 Building indicated a dose of 2.1 r for the four-week 
priod. Although a thorough investigation failed to reveal a sztisfactory 
explanation for the exposure, examination of the film indicated timt the film 
density resulted from exposure to penetrating gamma radiation. 

The third strontium separation started July 21 at the Hot Semiworks and continued 
for six days. Air contamiation, previously a problem in A sample gallery, wzs 
a problem in the B sample gallery on this run. An eight-hour 12,COO cubic foot 
air sample, taken in the greenhouse in B sample galle ha& j. dose rate of 20 
nds/hour. The concentntion was estimated at 2 x 10%'~ FP/cc. An additions- 
cap was placed on a sample riser in the greenhouse to reduce the possibilit;. of 
a blow-back from the vessel into the greenhouse. The use of an automatic 
sampler, which saxpled every thirty minutes, was discontinued. Con&hninated 
led bricks weye replaced. These remedial actions apparentlj alleviated t3? 
cause of air contamination. Another routine survey, this time in A pigemy, dis- 
covered contamination to 40 nds/hour on the floor under steam line nmbcr 6:. 
The initial decontamination in dose rates up to 2 rads/hour, including 2CO 
mr/hour, was mildly successful in reducing the coztaaination to 2.6 rads/hour. 
A strainer on the steam line was rephced. A plastic washer removed from the 
line read 300 rads/hour at one inch. 

During a power failure on July 30, the deluge sprinkler system in the Critical 
Mass Facility (209-E Building) reactor room was activated by 9. pnema'tic- 
ccrntrolled valve. Samples of the water standing on the floor indicated the 
alpha activity concentration was on the order of twice the MR for plutonium 
in water. After the room was drained snd mopped, alpha activity was detected 
on the shoe covers and rubbers. Subsetpent surveys revealed 'ht the sprinkler 
water seeped into the fuel pump hood located on the north wall of the reactor 
room. This water thn seeped out between the front panel and the hood frame 
aiId dripped into the four inches of weter stxding or: the reactor room floor. 
The bottom of %he hood and the floor below it were contaminated to greater tixu 
i0,CCO d/m. Visible amounts of fuel had previously leaked from the pump onto 
the floor of the hood. Hood panel bolts were tightened, the hood exterior and 

reactor room floor cleaned to nonsmearable and the floor below the hood painted 
with strippable paint. 
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The proper valve closing procedure was not followed and resdted in improper 
muting of 1 WW waste solution from Purex into a transfer line in the 325-A 
facility. 
radslhour for several seconds e 

Radiation monitoring efforts at the Plutonium Recycle Test Reactor were largely 
in support of locating heavy water losses and foreign material in the primary 
system. Dose rates experienced during removal of two flux monitoring channels 
included beams up to 230 r/hour &d general radiation fields up to 5 r/hour. 
Tritium air activity in A cell ranged from a maximum of 1 x 10-3 pc/cc to less 
than 5 x 10-6 pc/cc. Analysis of samples collected from the effluent stack' 
showed tritium concentrations to 2 x 10-4 pc/cc, indicating significant heavy 
water loss at this source. Twelve bioassay samples of the 232 samples collected 
for tritium analyses showed a maximum of 7 pc T/liter. 
responds to a whole body dose of 48 mrem in the following 28 days. On one occa- 
sion when the power level was raised from critical to 70 Mw in a short period of 
time, high air concentrations in the vessel on the order of 10-5 pc/cc were 
reflected in the effluent air activity which exceeded the control limit of 
5 x 10-5 pc/cc for approximately four hours. 

Two employees were exposed to dose rates estimted to be 450 

This concentration cor- 

The examination of new hires and terminees in the Whole Body Counter is now in 
place as a part of the routine program. 

Environmental Experience 

A total of 139 fish comprising twelve species, predominantly whitefish and 
squawfish, w&s obtained from routine sampling locations at Priest Rapids, Han- 
ford, Richland, and Burbank. One hundred sixty-eight tissue samples from these 
fish were prepared and submitted for radiochemical analyses. 

Nineteen routine and twenty-three special produce samples were obtained for 
radiochemical analysis. Routine samples consisted of: milk and pasture grass 
from Ringold, Riverview, and Benton City areas; ten sets of bovine thyroids; 
and three samples of Willap Bay oysters. Special samples consisted of tomatoes, 
cantaloupes, peaches, beans and wheat from farms in Benton City, Riverview, and 
Ringold. 

Grass in the 300 Area was surveyed for contamination following the detection of 
a few thousand counts/minute on area lawnmowers. 
on the grass by direct smrey, Grass samples were collected for laboratory 
analysis and no significant amounts of radionuclides were detected during ten- 
minute counts. Longer counting times indicated the presence in low concentra- 
tion of a radionuclide which was not identified by the end of the month. 

No contamination was detectable 

Three routine background aerial survey flights for off-plant locations were 
made, No significant changes in previous results were noted. 

UNCLASSIFIED 
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Studies and Improvements 

Fluorescein dye was introduced into the Plutonium Recycle Test Reactor aqpeous 
effluent in order to determine the distribution of the waste stream in the 
river. Visusl observation showed that the waste stream stayed in a narrow band 
along the west bank of the river as far south as Van Giesen Street at Richland. 
Analytical measurements on the concentration of dye in the river water are not 
yet complete but they were lower than anticipated due to insufficient dye and 
too slow a rate of addition. Also, the PRTR experienced an unscheduled shut- 
down at the time of the test and, therefore, thermal effects on effluent dis- 
tribution were not observable. River water was sampled on five cross sections 
between the 300 Area and Pssco. 
not completed at the end of the month. 

Analytical measurements on dye content were 

A special sample of Columbia River water was shipped to the Southwest Radio- 
logical Health F'acillty, USPB, at Las Vegas, Nevada, at their request. One-half 
of the sample was retained for radiochemical analysis by the Radiological Analysis 
Operation for comparative results. The primary purpse was to assist the former 
group in setting up analytical methods for the determination of radionuclides 
in river water. 

Work was continued on a detailed review of the Columbia River and' sanitary water 
monitoring program. Substantial modificatLons are being considered. 

Forms were received from lo5 fishermen contacted by the local Game Protector 
along the Colunbia River. Most contacts were from the Ringold to McNary Dam 
section. Prellminsry tabulation of results was started. 

The potential impact of the aqueous efflknt from the PR!FR on the Columbia River 
was reviewed in rektion to Mpcw's listed in 10 CFR 20. 

Work was continued on the comprehensive compilation of data relating to the 
Columbia River requested by the AEC. 

An analysis was made of the consequences of accidental release of 1.5 liters of 
1 BP solution (Purex) during shipment to Oak Ridge. 
ordinary care ad precautions normally required for the shipment of radioactive 
materials via common carriers would be sufficient. 

Basic equations were developed for acute exposures to the GI-tract from acci- 
dental release of radioactive mterials. 
the necessity of converting concentrations of particular radionuclides to per- 
cent of E's and then to dose. 

It was concluded that 

When completed this work will eliminate 

Work was continued on relating exposure to predicted areas of contamination fol- 
lowing accidental releases of radioactive materials from stacks of various 
heights, for three wind speeds under "neutral" and "unstable" athmspheric con- 
ditions. 

The air flows through stack gas sampling equipnt at Purex, Redox, and the 327 
facilities were recalibrated dud= the month as a result of recent inconsistenci. 
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in stack emission results at Redox. The static scrubber system at Redox 
indicated a 35 percent change from previous calibration data. 'The 327 Build- 
ing equipment showed a decrease of 40 percent from the originalvalues. 
significant calibration differences were noted for other systems. 

No 

Sampling studies were continued on the Redox stack 50-foot level. Due to 
difficulties with the steam system, a study was initiated to determine the 
feasibility of replacing the system with either an air jet or vacuum pump 
system. 

Revisions were made in the proposed floor plan of the Fuel Recycle Pilot 
Plant (FRPP) e 

radioactive and non-radioactive areas while maintaining good traffic patterns. 
Dlacussions concerning the location of the first and second filters for the 
cells are continuing. 

These revisions have resulted in a good separation between 

Consideration was given to the exhaust air monitoring requirements for a thorium 
handling facility* 
ling capabilities are being considered. 
Building exhaust air monitors are being considered. 

Modifications to the 306 Building to provide thorium hand- 
Use of systems similar to the 234-5 

A holder was provided for use of the u-anium oxide radiator with the K-fluorescent 
X-ray. A lanthanum radi- 
ator, which provides, theoretically, 35 Kev IC-flmrescent X-rays, was cast and 
mounted for routine use. Preliminary data obtained with the multi-channel , . 
analyzer indicate that the energy peak of the lanthanum radiator is about 35 Kev. 
A tungsten sheet 5 mils in thickness was ordered to replace the present defec- 
tive tungsten radiator. Studies of the 59 Kev K-fluorescent X-rays show that 
the tin filters which have been used to minimize low energy X-ray scattering 
with certain radiators are generating a low energy K-fluorescence at about 23 
Kw. Methods to provide more mono-energetic radiations are being reviewed. 

This radiator provides 100 Kev K-fluorescent X-rays. 

The pinhole lenses used with the pinhole camera were modified to provide a wide 
angle field of view for both the optical and the radiation picture. The use of 
fresh JSK X-ray film significantly improved the radiation pictures. Sheets of 
duPont 508 film, 5" x 7" in size, were ordered to provide increased radiation 
sensit,ivity. Inquiries regarding the use of the pinhole camera for the stuc?y 
of irradiated f'uel elements were received. 

The prototype Hanford personnel dosimeters were received from the vendor, 
Product Engineering Company, Certain on-plant assembly procedures are in 
progress. 
are good, 

The workmnship and general construction features of the prototypes 

Fabrication OP the film X-ray coding machine to provide X-ray film identifica- 
tion for nonroutlne personnel dosimeters is now in progress. 
machine at the 328 Technical Shops is scheduled for October 15. 

Completion of the 

Debugging of the automatic film densitometer continued through the month. 
Alignment of the mechanical parts is complete. A re-adjustment of the number 
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matrix components has been made to assure correct payroll number interpreta- 
tion by the densitometer. 
cated that 1.5 xur of radium gama radiation can be easily detected. For radium 
gamma radiation, the 95 percent confidence limit for a dose of 15 mr is t 5 mr; 
for doses between 30 mr to 300 mr, this limit is C 10 mr. 

Initial runs with the automatic densitometer indi- 

Five additional moderators for the modemted foil criticality dosimeters were 
received from the vendor. Radiographs of these moderators indicate that they 
were free from voids in the paraffin filling and were acceptable. The vendor 
was advlsed to proceed and complete the current.order which will provide 300 
units for placement throughout the' Hanford planL. 
development, performance, and evaluation of the moderator foil criticality 
dosimeter is nearing completion. 

A report detailing the 

Perfonnsnce tests of various gas fillings of small BF3 tubes were completed. 
gas filling of 18.5 cm of BF3 and 6.5 cm of Argon gas provided the desired 
chamcteristics for use with the Hanf'ord portable BF3 monitoring instrument. 
Three of the smaU tubes are being fabricated at Hanford for study. A double 
moderator of reduced size is being built for use with these smaller tubes. A 
weight reduction of about 50 percent in the double moderator is expected to 
result with no sacrifice in the performance of the instrument. Weight reduc- 
tion is possible through the use of a sznaller detector tube. The smaller 
detector tube also provides increased dose range for the BF3 type instruments. 

Radium gama exposure to sillcon diodes under study as possible fast neutron 
dosimeters resulted in no detectable change in the forward resistance for doses 
up to 500 r. Calibration curves for 
neutron doses from 100 mrads to 1300 mads were obtained utilizing the plutonium 
fluoride neutron source. These calibration curves indicate that the response of 
the 0.075-inch silicon diode was higher at a given current through the diode 
than was the response from a 0.100-inch diode.. The change in the forward resis- 
tance for the 0.075-inch diode was about twice that observed for the 0,100-inch 
diode for a 100 mmd dose. 

A 

Higher exposures have not been completed. 

Preliminary investigations to 
conductor materials following 
materials such as silicon and 
Sb2Te3 all be investigated. 
and can be easily carried out 

The annual physical inventory 

measure the change in thermoelectric power semi- 
fast neutron exposure was planned. Semiconductor 
germanium or special alloys such as Bi2Te3 and 
The measurement of thermoelectric power is simple 
with equipment readily available 

of normal uranium assigned to the Calibrations 
facility was performed on August 2. 
film calibration jig was weighed in the presence of a CE accountability repre- 
sentative. This weight was 
within 5 grams of the total weight declared during 1960, ar- the inventorj 
results were considered acceptable. The annual physical inventory of portable 
instrument and assigned equipment was also completed during the month. All 
zssigned equipment was witnessed and accounted for, 
been missing since November 26, 1960, was located near ecd of the inventorj 
period, 

All uranium except that cemented in the 

The total uranium on hand was 2k,22Z.3 grams. 

GM number 277 which had 

UNCLASSIFIED 
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Investigation into the cause of two criticality alarms at the 326-mlding on 
August 27 revealed that the instrument was set to alarm at 25 mr/hour instead 
of the recommended 1 r/hour. 
scale readings 50 percent in error from the previous calibration. 
for the setting of the alarm being at a point one-twentieth of that recommended 

Recalibration of the equipment showed full- 
The reasons 

I. were not uncovered. 

Charts and drawings showing the location of criticality detectors, criticality 
alarms, threshold neutron detectors, and criticality film badge kits have been 
prepared for all facilities at Hanford. 
member of the Radiological Wrgency Team and one copy will be placed in each 
box containfng high-range dose rate meters and self-reading dosimeters. 

A copy will be distributed to each 

A revised Columbia River Bnergency Plan was prepared for review and comments. 

A final draft of the emergency procedures for the threshold neutron detector 
system ms distributed for comment. 

c. VISITORS 

The following visitors met with various members of the Radiation Protection 
staff during the month: 

Dave Wagstaff, Oregon State Board of Health, Salem, Oregon 
E. C. Tsivo.glou) 
M. W. Lamering) - 
C. Henderson 
J. L. Agee 
D. Hoff’man 
Vittorio Prodi, Balogna University, Italy (UIEA Fellowship Student at 

John Horan, AEC, Idaho Operations Office, Idaho Falls, Idaho . 
Dave Wallace) US Public Health Service (assigned to Washington State 
Jack Wallace) Board of Health) 
A. T. Neale ) 
G. Hansen ) 
E. Asselstine) Washington State Pollution Control Cormcission - Olympia and 
C. Ogden ) Yakima, Washington 
T. Clemetson ) 
KO E. Story 

0. E. Reid 
F. W. Rymer 1 Tennessee Valley Authority 
A. N. Qualls) 
A. R. Walker) 
C. G. Amato, American Machine and Foundry Atomics, New York City, New York 

) US Public Health Service - Cincinnati, Ohio, and Portland, 

! Oregon 

Argonne National Laboratory) 
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E. EMPLOYEE REXIATIONS 

Two suggestions were submitted by personnel or' the Radiation Protection Operation 
during the month bringing the year-to-date total to thirty-four. 
tions were rejected with no adoptions. 
nel are pending evaluation. 

Four sugges- 
Ten suggestions submitted by RPO person- 

There yere four medical treatment injuries duriag the month for a frequency of 
1.88. No security violations occurred during the month of August. 

All Job Hazard Breakdown's are beir4 revised and updated throughout the Operation. 
ITew Job Hazard Weakdown's were prepared for several new types of operation such 
2s tne biological monitoririg work in Emrironmeiital Monitoring. 

Radiation Protection training inclded orientatim on specific aspects of radi- 
ation protection to: new and visiting employees, members of biytical Labora- 
tories Operation, visitors from the Tennessee Valley Authority, E4W patrolmen, 
and to the members of the first-line management class. 

The -3adiation Protection Operation display was presentedat the Benton-Franklin 
County Fair August 25-27 to an estimated audience of 3,500 people. The display 
was also presented at the SoGtheastern Washington Fair in Walla Wzlla August 3 
9uough SeDtember 3. 

The 1961 AEC Radiological Physics Fellowship Program was concluded on August 24. 
A total of ten students participated in this year's ten-week smer training 
session. 
Wzshington on extensions of their fellowships for completion of M.S. degrees. 
One studect eniployed by the New York State Health Department is ret-xning to 
his former position. 

Nine of the participating students are returning to the University of 

E. S1GTIIFICA.N" REPORTS 

Hw-70689 - "halysis of Radiologic=l Data for the Month of July, 196iii by 
R. F. Foster. 

HW-70706 - "Some Radioactive Materials Measured in Vzrious Waters in the United 
States - A Idterature Search" by J. K. Soldzt. 

EIW-73930 - "Monthly Report - August 1961, bdiation MoIlitoring Operation" by 

A. J. Stevens. 

A paTer entitled "A Method of Linearizing Thermistor Thermometer Ikta in 
Calori~etry" by H. V. Larson and I. T. Myers was presented at the International 
Calorimetry Conference that was held at Gttowa, Cmada, on August 14-17. 

1230255 



G-9 HI$-70872 

ENVIRONMENTAL MONITORING - RESULTS - (Mid-JUly 1961 - Mid-A-ust 

Activity Monthly 
Average Sample Type and Location Type 

Drinking Water 

100-3' Area 
Separation Areas 
Pasco 
Kennewick 
Ri chland 

I sot opi c 0.3 

I sot opi c 3.5 
I sot opi c 1.2 

Gross Beta 2.4 x 

Gross Beta c 3.0 x 10-8 

Columbia River Water 

Above 100-B Area Gross Beta c 3.0 x 10-8 
100-F Area Isotopic 1.2 

Hanford I sot opi c 0.8 
Pasco Isotopic 6.2 

Gross Beta No Sample McNary Dam 
Vancouver, Washington I sot opi c 0.3 

Atmosphere 

I13I Separations Stacks 
Active Particles - Project -_ 
Active Particles - Environs -- 

1131 
1131 

Separations Areas 3.3 10-~3 
1.0 
2.6 
0.08 

Vegetation (Control limit for vegetation is 10-5 'pc 1~3~/~) 

Separations Areas 
Residential 

c 1.5 x lo-6 
c 1,5 x io- 6 

Units 

The $ Mpew is the percent of the maximum permissible limit for occupational 
exposure to the gastrointestinal tract calculated from drinking water limits 
contained in NBS Handbook 69. 

The $ MPC,-GI is the percent of the maximum permissible concentrations for 
persons in the neighborhood of controlled areas for continuous exposure to 
the gastrointestinal tract calculated from drinking water limits contained 
in NBS Handbook 69. 
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PERSONNEL EUSIMETKY AND RADIOLOGICAL RECORDS 

External Exposures Above Permissible Limits 
Aug;lrs t 

0 
0 

0 

1961 to Date 

0 
1 
0 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

2,848 
28 
0 
0 

33,858 
380 
15 

CY 

Dosimeters Processed 
Paired Results - 100-280 mr 
Paired Results - Over 280 mr 
Lost Results 

Hanford Beta-Gamma Film Badge Dosimeters 

io, 664 
918 
190 
32 
54 

81,569 
7,454 
9 39 
182 
246 
8.44 
21.81 

Film Processed 
Results - loo-300 mads 
Results - 300-500 mads 
Results - Over 500 mads 
Lost Results 
Average Dose Per Film Packet - mad (ow) 

- mr (4 
6.38 
26.80 

Hanford Neutron Film Badge Dosimeters 

Slow Neutron 

Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

11,562 
0 
0 

0 

58 

Fast Neutron 

Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results Over 300 mrem 
Lost Results 

2,745 
367 
106 

Hand Checks 

Checks Taken - Alpha 

- Beta-gamma 
33,478 
52,967 

Skin Contamination 

Plutonium 
Fission Products 
Uranium 

48 
41 
10 

24 3 
388 
46 
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Male Whole Body Counter - 

GE Employees 
Routine 
Special 
Terminal 

Non-employee s 
Pre-employment 

06 
3 

15 
13 
20 

117 

- 

Bioassay 

Confirmed Plutonium Deposition Cases 

Female August 

68 
3 
17 
13 
22 
- 
12 3 

4 
344 

1961 to Date 

8* 
4,225 Plutonium - Samples Assayed 

109 12 - Results Above 2.2 x pc Pu/Sample 
Fission Product - Samples Assayed 459 4,837 

- Results Above 3.1 x 10-5 pc 
FP/Sample 5 

Uranium - Samples Assayed 
Biological - Samples Assayed 

Uranium Analyses 

Sample Description 

Fuels Preparation 
.Fuels Preparation** 
Hanford Laboratories 
Hanford Laboratories** 
Chemical Proce s sing 
Chemical Processie 
Special Incidents 
Random 

Tritium Samples 

Urine Samples 
Routine 

Following Period 
Following Exposure of No Exposure 

Units of 10-9 pc u/cc Units of 1.0-9 pc ~/cc 
Number Number 

Maximum Average Samples Maximum Average Samples 

9.0 
0 

12.2 
0 

20.1 

2-5 

5.8 
0 

12.0 3.7 37 
0 0 0 0 

3.6 

16 23-5 6.4 13 
0 0 0 0 0 

4.3 

21 35.5 7.3 21 
2.5 1 3.7 3.1 2 
5.6 

1 0 0 0 5 -8 

37 
0 

0 0 0 0 0 

Maximum Average Count August Total ' 

.- Samples Above 5.0 pc/l 13 
Samples c 1. pc/l 119 

Moderator 92.2 pc/d 75.7 pc/d 4 
Primary 22.8 pc/ml 19.8 pc/d 4 
Reflector 75.3 pc/d 64.1 pc/d 4 

273 
D2O Samples 

12 
Water Samples 160.5 p~/d 43.1 p~/ml 126 126 

* The total number of plutonim deposition cases which have occurred at Hanford 
is now 271, of which 197 are currently employed. 

*c-+ Samples taken prior to and after a specific job during work week. 
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Calibrations 

Portable Instruments 
CP Meter 
Juno 
CIM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

Number of Units Calibrated 
Aws t 1961 to Cste 

1,019 7,334 
270 1,9n 
568 4,241 
204 1,349 

111 8 31 

1,740 11,865 
7,174 7,174 

447 2,870 

829 6,772 
12,362 44,407 

for the 
Manager 

. RADIATION PROTECTION 
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LABORATORY AUXILIARIES OPERATION 
MDNTHLY REPORT - AUGUST, 1961 

GENERAL 

There were no security violations charged to the Operation. 

There were no major injuries; the minor injury frequency rate was 2.29 
for the mnth and 2.89 for the year-to-date. 

!t3XXNICAL SHOPS OPERATION 

Total productive time for the period was 24,960 hours. 
hours performed in the Technical Shops, 4,161 hours assigned to Minor 
Conssruction, 22 hours assigned to other project shops and 3,299 hours 
assigned to off-site vendors. Total shop backlog is 20,364 hours, of 
which 60% is required in the current mnth with the remainder distributed 
over a three-month period. 

.(1230 hours) of the total available hours. 

This includes 17,478 

Overtime hours worked during the mnth was 5.376 

Distribution of time was as follows: 

Man-hours $ of Total 

Fuels Preparation Department 5,995 23.85 
Irradiation Processing Department 1,920. 7.63 
Chemical Processing Department 474 1-90 
Hanfo rd Lab0 rato rie s Ope ration 16,704 66.45 
Construction Engineering & Utilities 43 17 

Requests for emergency service decreased to a level requiring a 5.346 
olrertime ratio, compared to 6.346 for the previous period. 

At the close of the reportirg period, there were two open requisitions 
for Machinists. Qualified candidates have been intemriewed and are in 
process. 

There were six medical treatment injuries, which is considered normal 
for this tyFe of operation. 

CONSTR'JCTION OPERATION 

There were 62 existing J. A. Jones Coqany orders at the beginning of 
the month with a total urexpended balance of $181,976. 
t;relve new orders, 6 supplements and adjustments for underruns amounted to 
$1XLr659. 
Total 3. A. Jones backlog s+v mnth's end was $193,564. 

One hundred and 

Expend2bdrss during the mnth on HLO work were $100,071. 
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HL CE&U 
Unexpended Unexpended 

No. Balance - No. Balance - 
Orders outstanding beginning of mnth 51 $ 174,709 1 $ 7,267 

io, 300 
J. A. Jones Expenditures during mnth 

Balaace at mnth's end 63 182,944 1 10,620 
Orders closed during mnth 100 152,413 

Issued during the month (Inc-Sup. & Adj.) 118 101,359 1 

(Inc. c. 0. Coats) 93,124 6,947 

- -- 

FACILITIES ENGmRING OPERATION 

Pro jects 

At mnth's end Facilities EngLneering Operation was representing the 
Company on 17 projects havlng total authorized funds in the amount of 
$2,435,000. The total estimated cost of these projects is $7,708,300. 

The following summarizes the status of FEO project activity: 

Number of authorized projects at mnth's end 

Number of new pmjects at month's end 
a-836 Coolant Systems Development Laboratory 

17 

1 

Projects completed in August 0 

New pro3ect proposals submitted to AEC in August 0 

New projects awaiting AEC approval: 4 
CGH-918 Second Whole Body Counter Facility 
CAH-917 Field Service Center 
CGEI-922 Burst Test Facility for Irradiated Zr Tubes 
CAH-932 300 Area Retention Waste Systems Expsnsion 

Project proposals complete or nearing completion are as follows: 
Modifications to the H-1 Loop - 105-H Building 
H-2 Basic Film and Corrosion Loop - 105-H Building 

The attached report details project status. 

UNCLASSIFIED 
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Engineering Semi ces 

Title 

Pressure Vessel and Piping Systems - 
Engineering & Inspection Service 

"Split-Half" Machine for Critical 
Mass Studies 

Control and Safety Rods for Tamper 
Tank (Critical Mass) 

19KW Tube Dryer - 314 Building 

Process Tube Monitor - 309 Building 

HLX) Electrical & Signal Systems 

Monorail Trolley - 326 Building 

Power Transfer Switch - 306 Bldg. 

Air Conditioning Unit - 326 Bldg. 

Status 

Code engineering service work is 
being performed on PWR Systems, 
Breakaway Corrosion Loop, and Equip- 
ment Projects. 
posed manual of procedures for the 
acquisition and use of pressure 
systems was issued for comments. 

A draft of the pm- 

Design essentially complete. 

Development work is being continued. 

Design complete. Installation 25% 
complete. 

Design started. 

Buildings are routinely metered and 
records maintained. A lighting level 
survey is being made in all buildings. 
Signal systems are being standardized. 

New insulated electrical conductors are 
being installed on trolley as a safety 
precaution. 

A new switch is being installed for 
transferring electrical loads during 
emergency power periods. 

Heat generated- by new equipment in 
room 21-A requires supplemental 
coo ling. Des i gn corrrp le%e. 

Draft4fig and Design Services 

The work load in the 3706 Building drafting mom and in the 327 Building Is 
steady with some overtime required. Work loads in 306, 314, 308, and 1707-D 
Buildings are steady with little or no overtime required. 

The equivalent of 147 design drawings were completed this month. 
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Plant Msintenance Operation 

Analysis of costs 

Costs for JUly of $115,530 are about as predicted. 
provement maintenance pmgrsm started quickly with an activity about 
twice prevlous period. 

This year, the im- 

Eup rovement Maintenance 

Item - 
Relocation and Alterations 

Electri'cal Modifications 

Heat & Vent Modifications 

mating 

Piping Modifications 

$ 1,278 
4,378 

0 
0 

1,411 

$ 7,067 

Waste Disposal snd Decontamination Servlce 

Waste disposal and decontsmination work performed during the month is as 
follows : 

Concrete barrels 16 16 
Loadluggers - hot waste 3 4 
Milk pails 40 25 
Gattling gun 2 2 
Crib Waste 305,000 gal. 310,000 gsl. 

Plant Engineeriqg and Miscellaneous 

Appmximatcly 17,330 square feet of prints were reproduced during tlle 
month. 

The +&tal estbated value of the twelve requisitions issued during the 

month Tras $80,000. This procurement is primarily for *proved HL projects. 

A row of offlces on $he second floor of the 325 Building is being treated 
to reduce the nc'x level caused by building machinery. 

The contingency rnsin';enenco work of research equl;?ment moves is progressing 
in 326, 306 and 231-2 EuildFngS. 
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Decontamination Chamber of 327 Building is being removed. 

Construction forces are complete with modification of mom 316 in 325 
Building. 

A work order has been issued to Plant Forces for changes to morn 123 and 

Exhaust fans are to be installed in the shop of 328 Building. 

Plans have been made for replacement of contaminated ductwork from room 
324 in the 325 Building. 
ductwork with P ,V.C. 

Painting of the exterior of 328 Building has been contracted. 
Painting continued in 329 Building. 

123-~ of 328 Building. 

A work order has been issued to replace the 

TECHNICAL INFORMATION OPERATION 

Approval was received from the AEC on a number of classification revisions 
proposed by HAP0 on poison splines. A Classification Information bulletin 
was distributed containing the new instructions together with information 
on classifying research and development work on BeO-U02 fuels. 

Comments on the first draft of the "General" section of the new local 
classification guide have been received from HAP0 components. 
will now be readied for HOO approval. 

The section 

A- pmosal to declassify design descriptions and specifications for 
,zert,ain reactor maintenance tools, heretofore classified, was submitted 
to ROO. 
which should be unclassified. 

Two documents were included to illustrate the types of information 

Backlog of formal R&D reports at month's end was 33, including 5 reports 
being typed. Unfortunately the addition last month of another clerk in 
Technical Publ2cationa has not enabled us to reduce the backlog because 
of the LIS+, by vacations. Rapid elimination of the backlog appears to 
ke oiir principal problem, and steps wili be taken to do this. 

The microfilming of the docaneats in the Classified Files (Operation "Mop- 
Uprr) is proceeding smoothly. 
2477 copies have been pulled for filming, and 36 boxes of documents un- 
suita3le for microfilming have been retired to the Records Center. 
to5al Gf 36,064 doclmenC,s have been microfilmed to date. 

To date 167 file drawers have been emptied, 

A 
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As a result of a joiat effort, in which General Electric participated, 
three courses in Librarianship will be presented this winter at the 
University of Washington Center for Graduate Study. 
be taught by Maryde Om, of the Technical Information staff. 

The courses will 

The Operation had two visitors from off-site during the month. 
were John P. Binningtan, from Brookhaven Technical Information Division, 
and James H. Kennedy, irom the Information Division of the University 
sf California Radiation Laboratory. They were principally interested in 
our machbe aqplications . 

They 

Work Volume Statistics 

July 

. Document Distribution and Files 

Documents routed and discharged (copies) 14,850 
Documents issued (copies ) 13,049 
Documents sent off-site (copies) 6,281 
Document reserves filled (copies) . 504 
Documents picked up and delivered 15,749 

Document Accountabilitg 

Holders of classified documents whose files 
were inventoried a7 

Documents inventoried in Files (copies) -- 
Documents destroyed or retired (copies) 4,346 
Documents revised (copies) 6 58 
30cmuzats pulled and documents filed (copies) ll, 543 
Dccumen+,s reclassified 45 
Documents microfilmed 2,985 
Accoutable ccpies of SECm and DOCUMENTED 191,832 

August 

16,195 
17, go8 
8,116 

423 
17,524 

279 

3,493 
894. 

-- 

15> 241 
442 

194, $44 
2,542 

Reference and public at in^ 

Books cataloged (new titles) 99 104 
Bcsks sdded t;O the collection (volumes) 27 5 209 
Ready reference questbns amwered by 

prcfessior;al staff 170 1b 

Literatxre searches by professional staff 65 71 
Rqozs atstracted (ti+,les) 227 229 
FS~LL re~orts prepared (+,ifles) 18 18 
aff-site requests for HAPO reports (copies) 328 303 
Reports released to CAP (Tittles) 21 36 

UNCLASSIFlED 

12302b5 
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Auaus t July 

Library Acgufsitions and Circulation 

Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Films borrowed or rented 
Industrial film showings 
Bound periodicals added to the collection 
Bound periodicals discarded 

372 
64 

1,300 
3,151 

97 
7 

46 
80 

177 

42 5 
97 

1,694 
3,273 

83 
4 

49 
87 
18 

Library Collection 

1nd.Med. Total Main Libraq W-10 Library 108-~ Library - 
No. of books 32,080 8,681 1,837 2,061 44,6 59 

No. of bound 
periodicals 14,912 17 1,924 ' 23 16,876 

- 
46,992 8,698 3,761 2,084 61,535 

Classification and Declassification 
July Auaus t 

Documents, invluding drawings and photographs 
reviewed for downgrading or declassification 49 67 

Documents and pqers (intended for oral pre- 
sentation or publication) reviewed for appropriate 
classification 25 38 

Documents submitted to Declassification Branch, 
Oak Ridge 2 3 

#!!!!!$~ Labora ry xiliaries 

JL Boyd:jw 



REDO - Dp Schivelg 
H AN PO W E R AVERAOE ACCLM MANOA'II 

ClXED PRICE 

COST CLua mxco CEC I 

PLANT CORCLS 

ARCWITCCT- ENGINKCR 

DESIGN ENOINEERINO OPERATION 

GL CIELD LNOINOERING 

Est-tes we being obtained for the instailation of a trap between the NaK heater and 
in-reactor section. 

TITLE 1 

GE-TIT*lI 100 100 lo( 
AL- TIT. I I 

CDNST. 

PF 

99 9; 

CPFF 17 95 91 
FP 7 100 IOC 
Go*. E ' q.76 99 9; 

I 

RE20 - WS KeXx 

PUOJ. NO. TITLE CUNOING 

cAa-842 Critical Reactivity Meaauring FaciUty 

TITLE I I ~ 

Af- TIT. 1 I 1 I 
I I 

MAN POW E R I AVCRAOE 1 ACCUM MANDAYSI(GE-TIT. I I I 

CPFF 

] SCOPE. PURPOSE. STATUS b PROORCU 

A revised project proposal requesting an extension of the scheduled completion date is 1 Sekg circulated for approval. A new schedule will be submitted when it is approved. 

P-ping and ekctrlcal installation was continued. i 



r;- j 

SEMI - MONTHLY PROJECT STATUS REPORT i 70872 

DROJ. NO. 

8-31-61 DATE GENERAL ELECTRIC CO. - Laboratories 
FUNDING PR OJ .N 0. I TITLE 

FUNDING TITLE 

MANPOWER 

FIXED PRICE 

ACCUM MANDAYS 

COST PLUS FIXED FEE 

PLANT FORC~S 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

GE-TIT. 11 95 100 100 
AE- TIT. I I 

AVERAGE ACCIM MI 

II I I! 

MAN POWER 

I 

540 

AVERAGE 

II FP 

5 
100 

I I II I I I 

SCOPE. PURPOSE. STATUS L PROGRESS 

This project will provide facilities for determining physical and mechanical 
properties of irradiated materials, and involves the installation of a cell in the 

32" BldgO 

100 I 100 
10 1 ii! 

The proposal Is being reviewed prior to submission to the A.EC for approval. 

PF 

CPFF 

FP 

10 22- 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

3 

.2 

I 0290 

140 

35 
716 

6 
I I I 

SCOPE. PURPOSE, 1TATUS h PROGRESS 

This project will povide facilities to prepare specimens from irradiated materials 
for use in determining their physical and mechanical properties and involves the 
installation of a cell in 327 Building. 

Procuremest is progressing satisfactorily. 

M -7300-042( 2-61) ~LC-GI iicw~~mo W~SM 



I SEMI - MdNTHLY PROJECT STATUS REPORT 

Exist'hg concrete basement staimmy was broken out. 
pmred. Electrical groundAng grid for the Ug. was placed. aement drain was 
instail&. 

:%tractor is instau wall and cell 2ier fons and reinforclng steel. 

Wall footing concrate has been 

I 

Hanfo,rd Laboratories - 1 OAT€ 8-31-61 GENERAL ELECTRIC CO. - 
PR0J.N 0. I TITLE 1 FUNDING 

PIXKO PRIC 

PLANT CORE E5 

ARCHITECT- ENOlNEER 

DESI GN ENGIN BERING 0 PER ATION 

OE CIELO ENGINCERING 

2 Oi 0.; 
95 91 61 

I 1 II I I I 
SCOPE. PURPOSE. STATUS b PROGRESS 

PUOJ. NO. TITLE 1 CUNOING 



I 
COST PLUS FIXED FEE I 
PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ZNGlNEERlNG OPERATION 

GE FIELD ENGINEERING 

This project is complete and vi11 no longer be reported 

100 1oc 
1 100 1oc 

FP 99 100 1oc 

CONST. (00 

PF 

CPFF 

FUNDING 
PROJ. NO. I TITLE 

FEO - c?? Lloyd 
MANPOWER AVERAGE ACCUM MANDAYS 

0 392 FIXED PRICE 

COST PLUS FIXE0 FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELO ENGINEERING 

1 OC II 
YL='un ! 

ENGINEER 

TITLE I 

'I GE-TlT. I I NS 100 

A€-TIT. I I 81 Ns 100 

CONST. 100 

PF 17 19 
CPFF 

FP 

PPocePding wikh compaction of earth fill under first floor. 
$ransite pipe below first floor level. 
hohs for Phillips shields in present buildi3g beams for tie in of new st,-ucture has 
been completed. No immediat? delay is 

expected due to Fi2efitters strike since underground work has been complzted and 
pipa chasses can be biocked out in presentljj plwiaed eoccrete pours. 

Started laying prejofnted 
Excavated for radiation room wails. Drilling 

Electrical grounding mat has been installed. 

1230210 



SEMI -MONTHLY PROJECT STATUS REPORT 

FEO - H RadoW TITLE I 

MAN POW E R AVERAGE ACCW MANDAYS I 300 100 700 
AI?- TIT. I I 1 CIXBD PRtCL 

COST PLUS ?lXLD CLL 

PLANT CORCLI 

ARCHITECT- BNOINKER 

DESIGN PNOl N K E Rl N4 0 PLR AT1 ON 

GI FteLo LNQINCLRING 

Pf /I CPF‘F 

?I GI 0 

1 I II I I I 

SCOPE. PURPOSE. STATUS b PROGRESS 

I3ia project irvolves a faciUty for deUberateiy rupturing tubing to establish 
sdzvict conditions. 

Ihe construction phass of the job is essentially complete; however, overall completion 
has lagged badly because of lack of receipt and installation of eqpipment. The Con- 
tractor has requested aa &&mion of the contract completion date and this is being 
negotiated with the AX!. 
Honeywell and the reaction vessel by American Instmt Company are currently delaying 
ptvlject progress 

Delincpent delivery of the Instrument panel by Minneapolis- 

STA RTlN G 

FIXED PRICE 

COST PLUS mxeo FOE 

PLANT FORCES 

ARCMITECT - ENGINEER 

DESIQN ENGINEERING OPERA TlON 

I GE FIELO ENGINEERING 

Ws p3Jcct provides for the i3stal;ation of ewpment at the E’E f3r which change3 

co;r3Lf,’,ol=3 :a2 5e !ie+,e,med. 

I T”EtaLLation is s2qLzte ?xzep- far morlifinations of instxmeatation2 t~ provide 
-npov%d ?onC,,-cl and mnrtxinq o? loq ccnditicrs. 

1 

I 
in %2 ;i;ysical prcperti2s of reactor strxfxrsl aaterials subjected t3 b-r%ac2or 

I 



SEMI - MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC CO. - word Laboratories 

nw- 70F7; 

DATE 8-31-61 

TITLE I 

PR OJ .N 0. TITLE 

sa-902 u-"anium Scrap Burning Facility 

1 I 

SCOPE. PURPOSE. STATUS h PROGRESS 

ThLs 2roject 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 wlll be adjacent to the 333 Building. 

*Accepted by the General Electric Compny 5-17-61. 

Cost Estimate 836 and 836 eupplement # has been submitted to the AEC. 
requesting approval of funds to J. A. Jones Co. has been suwtted to the Commission. 

The 

A letter 

FUNDING 

61- j 

FUNDING PROJ. NO. I TITLE 

AVERAGE MAN POW€ R 

FIXED PRICE 

COST PLUS ClXED FEE 

JEO - OM LYSO 
MAN POW € R I 

ACCW MANDAY3 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIQN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

I 

I 

AVERAGE ACCUM MANDAYS 

TITLE I 

GE-TIT. I I 100 

AE- TIT. I I 100 Jqs* 100 

CPFF 

FP 

I 1 1 

SCOPE. PURPOSE. STATUS h PROGRESS 

?!is project Will allow performance of radioecalogical studies under local environmer%al 
conditions. It consists of constructing field facilities for this purpose. 
signatures for pmject drawings and speeifieations were obtained 5-31-61. 

Approval 

5~vsy Engineers. 

MechaEfeal spillways have been instamd In both dams. 
conpletec?. 

Son%ractor work started 'j'-iZ?-Tl 

Pondexcavation has been 

The we13 has been 3rSl.ed and accepted. 
S~TJ~T piping and power line. 

Work is in progress on the fence installation? 
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SEMI -MONTHLY PROJECT STATUS REPORT 

8-71-61 GENERAL ELECTRIC CO. - Bsnfod Laboratories DATE 

PROJ.NO- TITLE FUNDING Funds I 
kmil to rlomm. ~~-916 Fuels Recycle Pilot Plant 

FEO - RW Dascenzo 
~ ~~~ 

HANPO WE R 

FIXED PRICE 

COST PLUS mxco FEE 

PLANT FORCES 

ARCMITECT- ENGINSIR 

OESI GN ENQIN =ERIN 0 OPIR AT ION 

OE FIELD ENGINEERING 

1 A VERA GE IC- MANDAVI 

I IUU 

TITLE I iLooIps 100 
GE-TIT.( 1 

AE- TIT. I I 

m ? 

I I i 

I id1 
CONST. ,oo 

I I 

11 CPFF 

I I I 

I I 

II FP I I I 

1 I, I I 

SCOPE. PURPOSE. STATUS k PROGRESS 

Zhis project is to provide a facility to perfonn a ftU scope of engineering tests and 
Tii0.t; plant st-idies associated with fuel rqrocessing concepts. 

3e rsised Project proposal for detail funds has been approved by 9oO-AEC and has been 
forwarded to Washington D. C. AEC for approval. 

Merrhaaical design is developing wall plug-in cubicles for equipment in the Hot Pilot- 

YtntibTion design is wlorking on studies for in-csU filters and costa of possible 
refzierazion cooling in the administrative wee. 

20mnentS have hen Leceived on a revised floor plan. 

'%te Titls I design started. 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

OESION EN GIN EERING OPERATION 

GE FIELD ENGINEERING 11 CD I I I 



5-15-62 11 DIR. COUP. DATE JlDATES IC 

FEO - KA Clark 
AVERAGE 'ACCCM MANDAYS 

MAN PO WE R 

FIXED PRICE 

COST PLUS FIXED FEE 

i 
PLANT FORCES 

I , 
ARCHITECT- ENGINEER I 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

j 

TITLE I 

GE-TIT.I I 

A€- TIT. I I 

CONST. 

PF 

CPFF 

FP 

I 

No correspondence was received by 8-29-61. 

TART~NG 4-15-61 11 DATE AUTHORIZED 3-21-61 EST'D. 
COM PL. 

FUNDING 
PROJ, NO. I TITLE 

PERCENT COMPLETE 'DESIGN 5-15-61 
WT'D. SCHED. ACTUP 

J*TEs CONIT. 5-22-61 11 DIR. COMP. DATE 2-31-61 DATES 'co~s~l2-31-61 

ENGINEER I 100 1100 DESIGN 

I 

! I 
AVERAGE ACCUM MANDAYS 

,EEO - Z3 Wlph 
MANPOWER 

8 480 I FIXED PRICE 

TITLE I 100 00 
GE-TIT. t I 

AE- TIT. I I 

75 75 

PF 

CPFF 

FP 

1 I I1 I 

SCOPE. PURPOSE. STATUS L PROGRESS 

This project involves the continued drilling of special research, test and moriitoring 
welis e 

0 

3 NS 75 
97 58 15 

Cmtract,or is operatiag 2 rigs, each on a two 10 how shift basis. 
2000 ft. of hole has been completed. 

Contract07 is 2% behind schedule at the present. 
backlog d-Le to the 2 shift basis. 

Approximateiy 

However, he is reducing the 
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I SEMI -MONTHLY PROJECT STATUS REPORT 

GENERAL ELECTRIC CO. - Hanford ubomtories 1 DATE 8-31-61 
p(IQI.N 0. I TlTLL I FUNDING 

sa-922 I SIclrst Test F'aciUty for I,?,rEdiated Zircontan Tubes 62-k 

DA TES CONST. 0111. COMP. OATE DATES c0NsJ.d-l-6B 
ONGINSIR 

WT.0. SCHCD. ACTUAL 

OESIGN 1 100 1 

I I I I I 
SCOCE. CURCOSE. STATUS C PROGRESS 

%a project will provide facilltieB to permit deli3erate destructive testing of 
i-wated zirconium tubing. Thls will provide operatbg and tube llfe data not 
LCV available becauae of the l.ln&ted operating history of Zircaloy-2 pressure 
tuSFng in reactors. 

I 

MAN PO WE R 

i The projact proposal was forwa,rded by HOO-AEC to AEC, Washington, wlth recommendfation 
for authozizatian. 

AVERAGE 

1 *Eased on AEC authorization 11-1-61. 
I 
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SEMI -MONTHLY PROJECT STATUS REPORT 

fIXED PRICE 

COST PLUS FlXED FEE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

SCOPE. PURPOSE. STATUS C PROGRESS 

This project will provide a facility for specialized spectroscopy work. 

The 'hTMp equipment has been connected.and the vendor's field engineer was on site 8-23, 
8-24 and 8-25 for checkout and adjustment. 
equipment is operating and relocation depends on R&D schedules. 

Relocation of EPR equipment rains. EPR 

PROJ. NO. TITLE 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGlNEERlNO 

SCOPE. PURPOSE. STATUS C PROGRESS 

%is project will provide a source of power for induction heating for R&D work in the 
306 3Ailding. 

Bids on the work stations and voltage regulator have been receivpd and reviewed by 
i9&&!0 Design., AE order wii2. be placed as so011 as bid informatien is clarifiedu 

123027s 
... 



PROJ. NO. TITLE CUNDING 

:~-9?2 300 Area Retention Waste System Expansion 62-k 
COST & COMM. TO s 

AUTkORlZED FUNDS 
\AEC S 

I C0NST.S GE I ESTIMATED TOTAL cos7 s 70,000 

)*Tc~ 2-1-62 + jloin. COMP. DATE DATES CONST. 6-1-6B WT’D. SCHED. ACTUAL 

ITARTING ‘Des,GN 10-~5-&* 11 DATE AUTHORIZED 
COM EST‘D. PL. oEslaN 1-1-68 PERCENT COMPLETE 

ENGINEER DESIGU I ,on I 

I 

FP I I I 

I I II I I I 

SCOPE. PURPOSE. STATUS L PROGRESS 

This pzoject w2l hcresse the Sasin capcity ccrmnensurste with the incrcased 

I 
I 

I 

PROJ-NO. 
TITLE Matiom to the 271-CR Building Waste Treatment 

1-m-gr Ikmzstration Facility 

TXB ~,-c.f.oc+, provides facilities for pilot plant developnent of decontamination 
grocesses for intermediate level chemical processing plant waste for safe discharge 
to The piant environs. 

FUNDING 

61- j I 

Design d2,9iculties prevented realization of the intended completion to comment 
atage by 8-15-61. 

i)sawingS and specifications axe expected to be complete by 9-1-61. 

PERCENT COMPLETE EST*O- 0-1 01O-16-6l 
STARTING ‘DESIGN 6-15-61 11 DATE AUTHORIZED C OMPL. 
DATES 1 

CONIT. 9-16-61 )I DIR. COMP. DATE 3-31-62 DATES CONST- 3-31-62 I WT‘D. 1 SCHED. /ACTUAL 

ENGINEER OESIw( 1 100 I 77 I 7? 

1 

AVERAGE HA n Powe R 

ClXOD PRICf 

COST PLUS ~XLD Pee 

PLANT Comces 

3 ARCHITECT- ENOINEPR 

DESIGN ENGINPPRING OPERATION 

GE FIELD ENGINEERING 

Worrection 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

ACCLW MANDAYS 

50* 

I I GI? FIELO ENGINEERING I I 

FEO - OM LYSO 
MANPOWER AVERAGE ACCUM MANDAYS 

FIXED PRICE 

COST PLUS FIXED CPE 

I I 11’’ I I 
I 

. -- , 
TITLE I I I I 

GE-ttT. I I 

AE- TIT. I I 

I 
I I 

I 

I 



SEMI -MONTHLY PROJECT STATUS REPORT +IW- ;rot372 ._ 

PROJ.NO. I TITLE 

:OS1 PLUS C(XLD ChE 

PLANT FORCES 

&RCHITECT-ENOINPBR 

DESIGN ENGINEERINO OPLRATION 

GE FIELD ENGINELRING 

FUNDING 
* 

1 I I1 I 

SCOPE. PURPOSE. STATUS b PROORILSS 

This project will provide a building adjacent to the 328 Building in which fabrication 
matezials and components can be stored for use by the Technical Shops. 

Construction of footings, foundation walls, floor slab, and concrete block walls is 
completed. 
is being installed. 

Structural steel roof supports are completed md steel roof decking 

CCH-935 

FUNDING 
PROJ. NO. I TITLE 

Metals Storage Bldg. 1 61-j 

FEO - KA CWk 
MANPOWER I 

~UTHORIZED FUNDS 500 AEC s 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

COST B TO 8-20-61 21,265 
22,100 ESTIMATED TOTAL COST 

DESIGN ENGINEERINO OPERATION 

GE FIELD ENGINEERING 

11 DATE AUTHORIZED 6-16-61 TARTING 'DESIGN 1-2-61 
'*T~S CONST. 6-22-61 11 DIR. COMP. DATE 10-31-61 DATES ~0~~~-10-31-61 
ENGINEER 

FEO - DS Jackson 

E;:':;. D=IGN 2-10-61 

AVERAGE ACCW MANDAYS 
YANPOWE R 

FIXED PRICE I 

~ 

AVERAGE 

PERCENT COMPLETE 

WT'D. SCHED. ACTUb 

DESIGN 100 NS 100 

GE-TIT.I 1 100 NS 100 

TITLE I 

AE- TIT. I I 
I 

TITLE 1 

CONST. 

I I ,I 

SCOPE. PURPOSE. STATUS b PROGRESS 

This project provides facilities foi the conduct of corrosion and deemtamfnatfon 
stlrdiee for nrrclear reactor coolant systems, by $he addition of a 800 sq. ft. 
lsboratory facility on the west side of the 1706 KE Building. 

Desi@ citeria are conpkt,?. Design is expected to start 9-1-61. 

1230218 
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SEMI -MONTHLY PROJECT STATUS REPORT n-- 7cs72 I 

DATE 8-31-61 I GENERAL ELECTRIC CO. - word LsbomtOFieS 
PR 0J.N 0. 1 TITLE 1 PUNOINO 

1 C6E-937 1 Safety Improvements to 231-2 Bug. 1 61-j ! 

1 

m-J!r.Uoyd TlTLL I 

MANPOWER ms I loo 
mxeo PRICE 

COST PLUS nXCD FEE 

PLANT FORCCS 

ARCWtTCCT- LNQINCER 

OCSlON ENOINKCRINQ OPCRATlON 

OC FIELD ONGINCCRING 

I _- 

::" 

CR(u. NO. 

This project provides supplemental ventilation and installation of a fire detection 
systea in the 231-A Bldg. 

TITLL CUNOING 

DzsigD 3y CEWO is underway. Cormpent prints axe being made. 

i I 

Aec s casT L COUM. TO I 
*UT+lORlZKD FUNW oLslGN 

ESTIMATED TOTAL COST 5 s CONST. s QE s 

MTt AUTHORILLD sat.0. PERCENT COMPLETE 

DIR. COMP. DATE DATES CONST. WT'D. SCHED. ACTUAL 
CQM PL. DESlON 

STARTINO OLS~OM 

OAT- CONSI. 

EN OINCCR OESIGN I ,oo 1 I 

Design drawings havebeen completed and approved. 
ventilation zquipnent has been approved and presented to construction for purchase. 

The purchase specification for 

ACCUU MANOAYS 

TlTLL I 

CL-TIT. I I 

AI?- TIT. I I 

I) I I 
. ._ 

M AM COW FR 

FIXED Puice 

COST PLUS FIXED CIL 

PLANT CORC~S 

ARCHITECT - ENGIWSER 

DESIGN KNOINLERINO OCIRATION 

GE FIELD ENGINECRINO 

AVCRAOE 

I I I 1 I 

SCOPE. PURPOSE. STATUS b PROBRCSS 
I 

1 



uNcussrt?IH> 1-1 HW-70872 

PROFESSIONAL PLACEMENT AKD 
RELATIONS PRACTICES OPERATION 

MONTBLY REFORT 

EMPLOYMEXET (Professional) 

Advanced Degree - Eight Ph.D. applicants visited HAPO for professional employ- 
ment interviews. Seven offers were extended (all HL); six acceptances and six 

rejections were received (all HL). Twenty-two 

Ph.D. acceptances were obtained during the recruiting year ending August 3. 
Of these twenty-two, seven were Company transfers, five were open market and 
ten were campus candidates. 

Technical Graduate Program - One Technical Graduate was placed on permanent 
assignment. 
terminated. 

Current open offers total six. 

Seven new members were added to the program rolls and three 
Current grogram Illembers total 89. 

EMPLOYMENT ( Non-Prof e ss ional ) 

Twenty-six requisitions were filled during the month with a total of twenty 
active requisitions remaining to be filled. 

HEALTH, SAF'ETY AND SECURITY 

The document W-69476, "Guide to Procuremnt and Use of Pressure Equipment," 
was issued to all HAPO personnel concerned with such equipment in furtherance 
of operational safeguards. 

PERSONNEL DEVELOPMENT 

Current A-Course enrollment is twenty-three consisting of thirteen E&SP members, 
one technical graduate, and nine permanent HAP0 employees. 

0. E. Boston, Manager 
Professional Placement 
and Relations Practices 

1230280 UNCLASSIFIED 
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UNCLASSIFIED 1-3 

C - Technical Graduate Program 
Wnth ending August 31, 1961 

N-er Personnel on Assignment 
(HAP0 Tech Grad Program . . .... . . ... . . 73 
(~ngineering & Science Program . . . . . . 16 

Distribution of Assignments by Departments 

IPD 
HL 
CPD 
FPD 
c&Ao 
CE&UO 

Distribution of Assignments by Function 

Research & Development or Engineering 
Other 

1230282 

HW-70872 

89 

33 
38 
11 

5 
1 
1 

63 
26 

UNcLAsslFm 



UNCLASSIFIEI) J-1 HW-70872 

FIMCIAL OPERATION MONTHLY REPORT 
AUGUST 1961 

Persomel 

J. W. Worden, Specialist - PRlR Cost Accounting, was transferred to CE&UO Finance 
during August. S. C. Thomson, Ehsiness Baining Recruit, was transferred to Contract 
and Accounting Operation and J. G. Plese, a Business Training Recruit, was transfer- 
red from CPD FTnance to HLO Finance. 

Activities 

GEIWRAL ACCOUNTING OPERATION 

Following is the status of approval letters which are in process: 

Number - Title status 

AT-52 Eed Use of Whole Body Resubmitted to Conrmission for 

AT-104 Fission Products Dispersal Still being considered by AEC 

counter approvd. on 6/29/61. 

Handbook (submitted 3/17/61). 

AT-105 msium on the Biology of AEC Washington is considering. 
!I!ransuranic Elements 

AT-187 Proposal for University of Submitted to AEC 8/31/61. 
Washington Library School 
Student Practice Work in Tech- 
nical Information Operation 

AT-188 mational Committee on Radia- Submitted to Contract and 
tion Protection and Measurements Accounting 8/31/61. 

The following acticns under Agreement, AT-6 took place during the month: 

PhEysics Computer Code Consultation with APED 
Submitted ta GE by HOO-AEC 8/14/61 
Weemerrt by HID 8/16/61 

Submitt.ed tc, GE by HOO-AEC 8/u/61 
Bc.rat;ed Graphite Shieldiq Material Neutron Irradiation 

Agreenex-2 by HL3 8/14/61 

Radiometallurgical X-rsy Work fsr Unfon Carbide Nuclear Company - APED 
Submitted to GE by HO9-AEC 8/1/61 
Agreement by KLO 8/2/61 

Preparaticms are in pxcess fcr the 9muaP witnessed physical iaventory of reactor 
and other special materials to be coziduc+,ed an September 2'7, 28, and 29, 1961. 

1230283 UNCLASSIFIED 
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Reconciliation of the p@sical inventory findings of movable cataloged equipnent 
in custody of Laboratory Awdlicwies and portable heslth instruments in the custa 
of Radhtion Pratection is. complete. 
September. 
still in progress. 

A report of results will be issued in 
Iweatory of equipnent in custcdy of the Laboratory Equipment Pool is 

Project unitization report was issued during the month on Project CAH-744, Metal- 
lurgical Development Zhcillty, 306 Building, $2,665,654. 

ErelAnbmry unitization work was performed durFng the month on the following 
projects and equipment tagged. 

CGH-785 

CGH-834 

In Reactor Studies Eqyipment - 105-KW Building. 

Modification ad Additions to High Pressure Heat P.ansfer 
Apparatus - 189-D =ding. 

CGH-923 Spectroscopy Laboratory - 325 Building. 

W-870 

CAE-914 Rattlesnake Springs Radioecology Facility. 

Facility for Recovery of Radioactive Material - 325 Building. 

Unitization reports will be issued on Projects CGH-785, CGH-907 and cAII-870 follow 
ing receipt of a Flnanclal Closing Statement. 

Prel.bhmq unitization work is currently in progress on Project CA-681, Hanford 
Equipment in the E!I!R - Arco. Tentative plans are to vlsit Arc0 during September 
to physically inventory project purchased equipment and establish controlled units 
af property. 
mchssified. 

lzle project costs ($1,028,708) are currently in plant and Equipment 

I3ve chapters of the Property Management Manual were revlsed and distributed to 
umnuzl holders. 
remmal of Government property off-site in comection with lecbes or talks and 
authorization for approval of such passes utilizing the one trip property pass 
farm. 

Revisions update the MnuaJ. and set forth Hu) procedures for the 

Fcrty-eight items valued at $31,333 were received at the Iaboratory Equipment and- 
Mat2rb.l Pool dxring the mocth. Five items vsliled at $2,T5 vsre loaned or trans- 
ferred in iieu of placement of requisitions and two iC,ems valded at $2,079 verc 
withdzawn by custodians. !There are curren+ly 818 items valued at $326,392 ia the 
Poci of Yhich 119 items valued at $15,513 are uncata;oged ty-ge items ad 80 items 
valued at $44,694 are being held for the convenience of cthers. 

A mincr revision was made to the Travel and Lixhg Ecpense Manual concerning 
travel by private auto on company busaess for personal yeasons. 

Three new forms -were designed during the montf: fcr the RW canponema. 

Three suggestions vere received for evaluation. 
wi17. be accepted. 
Fsssible application. 

T;ic -Jere- rejected and the thira 
It is curreatly beizg ro-J$ed tf, other HAP0 components for 

~JNCLASSIFIED 
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Actla as indicated occ-med m the fa11z-dn.g projects divring the month: 

New Mcney Atithorized HLO 

a-936 Coslant Systems Developnent Labmatory $12 000 

Constructisn Completion and Cost Closing Statements Issued 

a-885 k~logical. and Bydrologicai Wells - FY 1960 
(AEM report issued in June 1961) 

cA-7k7 PP~to=liUm Fabrication Pilot Plant 
(AF51 report issued in Febrary 1961) 

COST ACCOUKPING OPERATION 

A !Farget Budget for FY 1962 cpera-ting costs were prepared in August by each HAPO 
ccmponent at the request of the General Manager - HAPO. 
Hanf'ord Laboratcries wipl receive $103,000 leEs fhm the HAP0 Service Assessment 
Pccl than originally budget;ed. 
FY i962 was authorized by the General mger - HAP0 dtlring .August. 
significant cue fmm the praposed allocation previously recommended by Contract 
Accounting mz; an increase in 02 Program equipmen* funds from $1,600,000 to 
$~,800,000. 

Based on the Taxget Budget, 

The first departmental allocation of flrnds for 
The most 

The August contrcl budget far Hanford Laboratories reflects amounts included in the 
HAP0 Twget mdget. 
$300,000 to $180,000 in funds for Strontltlm-90 Purification sponsored by CPD and 
(2) minx adjustments in off-site special requests aad other accounts. 
Ws fcr the folkwin@; research and developnext programs were reallocated internally: 

Changes fhm the Pdy coctrol budget are (1) a reduction from 

In addition, 

Admce Concept Shdies 
Specific Fuel Cycle hlyses 
IsJtcipic halyses 
Radixkmical AmLyses 

Stlb-section budge+,a f~r the R&D c;mpcnents were developed and ixluded in the 
A-a.gxst f i3larcia.L statemects 

i??GZd Lab,xtcriess FY 1962 caZi"%l eqdipment Pmds were allocated to the sections 
and sibmitted 3; m=letgemezh fcc revfey azd c.?mments. 
E-- ffnancisJ. statements issuet! dufng Ayws-t0 

a e-"-" &&ex3 1187: cf Hanfcrd IabGratories' (3enel.d PLant. Projects and capital work 
,>:der reqa.remen+,s f;r F'Y 1962 was prepared ad fwwwded tc Contract Accounting to 
assist in estabifskirg a deprC,ment.al allccstie: cf HAPO funds. 

Be aZlocatioos were incl-cded 

The arnu repcrt cmcerning perstnnel recmitme3t ES~S for FY 1961 was prepared 
a5 the request of AEC acC sA&i;C;ed ts 6;ztract Accr:mxtix for HAPO consolidatlcn. 
A;q s.-wy, EIanfira Lakcx,f.zries gererateti 1,172 isterviewa with 281 offers and 149 
acceptmces e EWazYes, trairei, rel::ca-h.f2z expecses, and cther expenses related to 
t.ke recxitfng fxcfioz~ amc.:int.ed to e?:, OGC in Ff 1961 

- 
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lJlEIAsm J -4 HW-70872 

One special request was established during the month as follows: 

Accountinp; Code Actlvlty 

.1u On-site consultation with APED on S 
Code work. Estimated cost - $1,200 

Permission was requested and granted by HOO-AM: for Icaiser to perform the pickling 
and autoclavlog of the PRIR process tube Bpsres. 

!he FY 1962 1A.rilding and Utilities budget and individual building liquidation rates 
of the Biology Operation were calculated and established. 
pleted with the assistance of the Biology landlord. 

!Che assignment was com- 

Stsndard rates were established for billing eies of section and sub-section 
managers and specialists to off-site special requests. 
per day and sub-section status at $75 per da.y wtll be used for biUng qurpases. 

!he annual review of outrrtanding routine work orders in Hanford Laboratories has 
been completed with the operating components. 
revisions, and reissuing have been done. 

Section status at $100 

Required cancellations, code 

September 12, 1961 
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INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief, no inventions or discoveries were made in the course of their 

work during the period covered by this report except as listed below. 

persons further advise that, for the period therein covered by this report, 

notebook records, if any, kept in the course of their work have been 

examined for possible inventions or discoveries. 

Such 

INVENTOR TITLE OF INVENTION OR DISCOVERY 

D. F. Carroll 

B. B. Brenden 

L. K. Mudge and 
F. A. Scott 

F. A. Scott 

K. J. Schneider 

A Nuclear Fuel Material, HW-70626, 
August 3, 1961. 

HWIR- 14 16 , Gaging Tubes and Channels 
for Straightness 

Methods for Preparation of Uranium 
Dioxide Powders for Ceramic Fuel 
Elements ( HW - 7 0 7 29) 
Method of Preparing Dense Self -Supporting 
Uranium Dioxide Ceramics (HW-70730) 

A Radiantly Heated Spray Concentrator 
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