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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes eny warranty or representation, expressed or implied, with respect to the accurecey, com-
pleteness, or usefuiness of the information contained in this report, ar that the use of any information,
apparotus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes ony liabilities with respect to the use of, or for damages resulting fror;\_"the use of
any infermation, apparatus, method, or process disciosed 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 contractar, to the extent thot such employee or con-
tracter of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any infermation pursuant to his employment or contract with the Commission, or his employment with
such contractor.

1233825

ARLC-OK RICHLAMD., WARH,



HW-62587

This document consists
of pages. Copy No, ;44
oi&copies, Series iy

HANFORD LABORATORIES OPERATION
MONTHLY ACTIVITIES REPORT
OCTOBER, 1959 ’

Compiled by
Operation Managers

- i-)'ix . i

oy of L )
hmthm‘? ? - BRI IER

Corba b
Ay .\.-l’.l--u-\"-"‘e"‘ A e November 15, 1959

HANFORD ATOMIC PRODUCTS OPERATION
RICHLAND, WASHINGTON

T S T T . e fea L
DL '._.,‘-.-v-,ua EAIE I R T A I S PR

’Ii"; a4 .I--\'\‘ .
regipegr o T e

138 Tmu'l E RN -’1 P

PRELIMINARY REPORT

This report was prepared only for use within General Electric
Ceompany in the course of work under Atomic Energy Commission
Contract AT(45-1) - 1350. Any views or opinions expressed in the

report are those of the author only.

Route To: P. R. No. Location [Route Date | Signature and Date
e ~u1s DOCUMENT 1S PUBLICLY
LVAILABLE

~ DECLASSIFIED



UNCLASSIFIED ii HW-52587

DISTRIBUTION
Copy Number
1 W. E. Johnson
2 H. M. Parker
3 0. C. Schroeder
4 F. W. Albaugh
S C. A. Bennett
6 J. L. Boyd
7 L. P. Bupp
8 F, E, Crever, GEAPD
g W. E., Foust
10 P. F. Gast
11 A, R, Keene
12 H. A, Kornberg
13 T. G. Marshall
14 L. H, McEwen
15 W. Sale
16 J. W. Healy
17 H. P. Shaw - V. R, Cogper
18 ~ 21 ~ Atomic Energy Commission, Hanford Operations
Office, Attn: J. E., Travis
22 ~ 24 E. J. Bloch, Director, Division of Production,
' Washington 25, D. C,
25 Savannah River Operations Office, Aiken, South Carolina
26 300 Files
27 Record Center

UNCLASSIFIED

1233821



UNCLASSIFIED -111- IW-62587

TABLE OF CONTENTS

Page

Staff : .. , _ : , ‘ : : , : : : : iv
Force Report and Personnel Status Changes . : . : . , .V
General Summary. : . . . . . , : . vi through xiv
Reactor and Fuels Research and Development
Operation , . : . : . . . : . A-1 through A-53
Physics and Instrument Research and Development
Operation . . . , . : . : . . B-1 through B-30
Chemical Research and Development Operation . . C-1 through C-30
Biology Operation . . . : . . : . D-1 through D~ 7
Operations Research and Synthesis Operation . . E-1 through E- 7
Programming . : . , . . . . . F“~1 through F- 5
Radiation Protection Operation. . . . . , G-1 through G- 7 |
Laboratory Auxiliaries Operation . . . : _. H-1 through H-24
Professional Placement and Relations Practices . : I- 1 through I- 7
Financial Operation . . . . . . . . J-1 throughJ- 5
Invention Report . . : . . . . . . . . K-1

UNCLASSIFIED

1233828



UNCLASSIFIED , iv

STAFF

Manager, Hanford Laboratories

Manager,
Manager,
Manager,
Manager,

Manager,

Manager,
Manager,

Manager,

Manager,

Manager,

1233829

Biology

Chemical Research and Development
Laboratory Auxiliaries

Operations Research and Synthesis

Physics and Instrument Research and
Development ’ . .

Programming
Radiation Protection .

Reactor and Fueis Research and
Development

Professiohal Placement and Relations
Practices

Financial

HW-62587

. H. M. Parker
H. A. Kornberg
L. P. Bupp
J. L. Boyd

. C. A. Bennett

P. F, Gast
L. H., McEwen

A, R, Keene
.F. W. Albaugh

T. G. Marshall
W. Sale

UNCLASSIFIED




i
(Bt
Lyl

N

13

V.

CNCLASSIFIED

NG00 ° 81Ry #UsTIoardsg 87geTOILUO]
(g T T T oo o me T CTTT T T ey YarawnaT suctabandos uc pesaq Yeywy uoTjwavdeg
o999y T T T oot oo e o TTo o T T o T e 818y votTistedeg ejrzoduoy
Tl plusxe o gesfoTdws jdmaxeunou ¢ BUTpRIAUT i

£I9JEUBLY TBUISLUT

L 0T 12 71 Z0LT £49 ATG 0T 89 (9 Furpnoxe s[810]
#T1 b1 _te abl  2OCT €49 ¢zg ol 789 _9¢9 81RO,
0 0 o ol £ 4 1 ¢ g T TeIsusy,
0 & 0 0 o< K 9T 0z 7 9t Jupuusadory

0 3 T v 4T 8T 98  ToT 61 28 ‘d "0 B "WOTE *Joud
T s T g ge £t [ Le £ 7T TeTouBUTY

5 1 £ s T72 £60T g7 £e TeT 26 SOTIBTTIXNY *qU]

7 0 T 0 tet 0ot Le A €5 13 Us11o810.1y UOTIBIpey

0 0 0 0 0z 7 91 0 7 9T ‘ufg 3 °eof ucTiEIedy

0 I 0 0 18 4 9f 08 S ce uotyeaxdg £dotory
quendoTeasg » Ydaresay

I3 0 T I 96 e 29 Lo 7€ £9 FUSIMILEUT ,, 80TSAT]
qusudosARQ % YdJuessy

T 0 71 £ T5¢€ 66T o1 L9t LT G61 gTeng B Jol0vey

. rusudoTessy pue

N 0 Z [ BT 101 Lot 0ee ToT 621 yoaeasgay TEaTWEYY

TONSYHUON f0WUexy JUUeXJUON J0neXy [210], FOU®GUoN Jauexyg
sHOT,Bledeg suUoT1TRPY YPIouU JO FUTUUTZSQ 1§

6G6T "1 JI9GO00  IIv(Q

SEONVHD SNIVLS THNNOSHId QNY LMOdWM EDHOJ O 1 dTIRL

Te)0] JAWIKFUON dueky
TJUIOH JO @SCTH 1¥

1253830

UNCLASSIF.ED




o vi HW-625587

BUDGETS AND COSTS

Costs for Qctober were $I, 971, 000, a decrease of $38, 000 from September.
Fiscal year-to-date costs are 34% of the amounts currently authorized to
Hanford Laboratories.

Plutonium Recycle Program costs are $2, 026, 000 (40% of annual author-
ized funds) for the first four months of the fiscal year. There are some
indications based on reviews held with AEC-Washington Divisicn of Re-
actor Development people, that an upward adjus-ment of some program
funds may be made. If not, a sharp curtailment of expenditures with

the attendant slow down of programs for the balance of the figscal year
will be required.

Research and Development costs on the New Production Reactor for the
Irradiation Processing Department were reduced in October from the
September level, however, a further reduction is required due to fund
limitations.

RESEARCH AND DEVELOPMENT

1

i. Reactor and Fuels

The over-all PRTR contract is 49, 4% complete versus a scheduled 56%
based on the official PRTR schedule; PFPP Phase III equipmen: instal-
lation is estimated at 96% complete

HW-~61236, the rough draft of the PRTR Final Safeguards Repor:. was
reviewed by the PRTR Sub-Council of the General Electric RHeac'nr
Safeguards Council and the PRTR Startup Counc:l, and dizcugsed with
personnel of the AEC Hazards Evaluation Branch. A revised report,
incorporating the comments of these groups, will be published in Nov-
ember,

Funds have been authorized for scoping and preliminary design of *he
PRTR fuel element rupture test facility (Project CAH-867).

Vibratory compaction is being currently employed to make Zircaloy -
clad, rod-cluster UQ4 fuel elements for irradiation in the ETR and
VBWR.

Evaluation of the first 500 pounds of Spencer Chemical Company ara-
fused UO9 reveals that it exceeds our rigorous specifications for
purity and density.

1233831
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Preliminary data indicate that internal surface cladding defects of the
order of 0. 002" in depth can be detected in swaged Zircaloy-UQs9 rods
with an immersion type ultrasonic tester. Routine ultrasonic testung

of swaged rods is under way.

In high temperature, ex-reactor microscopy studies it was found that
the addition of small amounts of additives such as NbaOg or TiO3 o
UOQg9 markedly changes the temperature at which crystals form and
the shape of the crystals. These resulis may be pertinent in the de-
sign of a fuel element for high temperature operation in which min-
imization of the relocation of the UOg is desired.

The thermal expansion ccefficient for PuQOg was determined as

- 11.53 x 10-6/0C. for the temperature interval 237 to 928 C. This
is appreciably lower than the preliminary value of 15.2 x 10-5/0C
reported last month, For comparison the expansion of UO3 was
10.1 x 10-6/0C,

A three-foot long, 19-rod Al-Pu cluster has been operated at maximum
PRTR conditions for five days in the ETR. This is the largest proto-
type which can be reactor tested prior ro PRTR startup because of

size limitations of all existing test loops operating at the necessary
temperatures and pressures.

A T-rod Al-Pu cluster, 12 UOg - PuO2 capsules. and two Al-Pu cap-
sules are under irradiation in the MTR. Two oxide and six Al-Pu
capsules are undergoing post~irradiation examination.

Of the Zircaloy cladding tubes received for use in fabricating Zr-
Clad Al-Pu rods, 80% are being rejected because of faulis revealed
by the various inspections.

To avoid "acid-staining" on autoclaved Zircaloy-2 ~lad UOg fuel rods,
the maximum allowable transfer time between the eiching bath and rhe
aluminum nitrate "stop' bath has been shown to be 30 seconds. Like-
wise, the zirconium concentration in the HNO3-HF etching bath must.
be maintained below 30 grams per liter.

The non-destructive testing of the Zircaloy-2 PRTR process tubes is

95% complete. Eighty-two of the 97 tubes have passed these tests and
are considered structurally sound.

DECLASSIFIED —
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SHLASSIFIED

In ex-reactor autoclave tests at 300 C. no abnormal hvdriding was
observed in sections of Zircaloy-2 process tubirg which had suffered
deformation caused by deliberate rupturing of Zircaloy=-clad ro-ex
truded uranium fuel samples located inside the process tubing.

A section of irradiated Zircaloyv-2 process tubing recently removed
from service in KER Loop 2 does not indicate abnormal hydriding out
does show localized areas of small equiaxed recrystallized grains.

Both effective decontamination and adequately low corrosion of 2ar-
non steel surfaces in the NPR may be possible if galvanic corrosion
of the carbon steel can be eliminated. Variables found to affect the
galvanic corrosion rate are: the relative areas of carbon and stain-
less steel surfaces, solution velocity, and temperature. Bisulfate
decontaminating solutions show promise for both the NPR and the
existing Hanford reactors.

A small concentration of chlorine significantly reduces ~he air
oxidation of graphite. At 530 C. 0.3% Cl, decreased the oxidation
rate six-fold,

The ex-reactor initial elongation of a Zircaloy-2 creep specimen tested
at 22, 000 psi and 290 C was 2. 8 percentr. A corresponding specimen in-
reactor demonstrated little initial elongation and no noticeable <reep
after having been exposed to 2 x 1017 nvr. The temperature of the in-
reactor specimen will be raised in increments of 25 C 'nsil creep
DCccurs.

It has been found that the mechanical properties of several stiruetural
metals are affected by the rate of exposure *o reactor irradiation as
well as the total exposure. Lowering the temperamre of irvad:ation
reduces the rate effect.

Post-irradiation testing of thorium metal specimens shows *hat they
embrittle severely, to approximately the same degree after expesure
to 1. 0 a/o burnup as vranium meral after 0.1 a/o burnup.

Post-irradiation tests on irradiated uranium metal show rhat the ther-
mal conductivity decreases 18-30% on burnouts of 0. 02 10 0. 3 alo, and
is not recoverable ar elevated femperatures.

For uranium metal specimens irradiated to 0. 29 a/o burnup. 1t ap-
pears that very little swelling occurs ar irradiation temperatures
below 500 C.

(233833 ]
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A detailed metallurgical examination of various pressure bonded, Zir-
caloy-2 clad, tubular uranmum fuel elemens has revealed rhe mechanism
of compound formarior along ~re bonding interface

Hot heading of KER~-size t:bular fuel has been succress{vlly accomplished
The resulting product appeared saiisfacrory for subsequent projeciinn
welding of end rings. Tooling will soon be available to handle long
lengths of tubular elemenis. '

After three weeks of irradiation. one inner tube of a KER-s:ze tube/
tube fuel assembly fa:led. Operation was in pH 4.5 water a- 250 and
280 C. Examination revealed extsnsive pitting a*‘rack presumably
resulting from excessive surface remperature caused by a depos:red
crud layer approximately 0 0L0" thick. The jacket surface was also
contaminated with copper from the extrusion cladding. Similar sur-
face pitting was observed on BMI examination of rod/:ube elements
which had been exposed to 2000 MWD/T in a KER loop alsgo in low
pH water.

Seven, 7-rod cluster elements were discharged ‘rom KER-2 after rp-
ture indications in the loop were detected. The exposure was 2500
MWD/T in 250 C, pH 10 water. One of the rods had rupmured res:ilir-
ing in a jacket split about one inch long. There was no indication of
film formation. and the black nxide appeared 1o be n*act

Steady state boiling curves were obtained experimentally for K Rezor
[ & E fuel geometrv at tube powers of 500, 1000, 1500 and 2000 KW

employing a test seciion of K-Reactor length.

2. Chemical Research and Development

A simple method was discovered which causes strontium 10 prec:iplia’e
in good yields with rare earth fission producr fracmions selecnively re -
covered from Purex waste. This is a break-through on strontium
fission product recovery.

Selective recovery of cerium by the peroxide-acetate process was <on-
firmed by Purex Plant tests. lLaboratory research on this method was
completed.

Smooth, trouble free operation was experienced on starting up *he pilot-
scale fluid-bed waste calciner protolype. Preceding exploratory studies

at ANL on simulated Purex waste feeds in their equipment were concluded
and the results are being incorporated into the HLO program now underway.

23393 DEGLASSIFIED
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The Radiant Hea* Spray Calciner is a compen:tive process and laboratory
lests continve 10 be erco:raging Both unir operarons will be convinued
untii the advantage of one over the ovher 1s eviden-,

Continued testing 1n pilor-srale NPFfssolver proto'yres showed no
significant restrictions to *he use of either +he flooded rav or recir-
cuiating vertical barrel concepts,

Early results of seismic geophys:cal res®s _ondu: ~ed bv Washing o
Stare University experts indicare that seismic methods are : anab?

of discerning most geologic feaiures of the area

3. Physics and Instrument Research and Development

In dissolving fuels of 3% enrichment the smallest critical mass will
likely occur for the completely dissolved condition and will be less
than 170 1bs. . according <o exponential experiments nOw in Progress
This somewhat unexpected development will not materially affect d-s-
gsolver batch limits for 3% fuel byt will improve estimates for handl-
ing fuels of higher enrichments.

During the month nuviear safely advice was furnished w0 Phi7onium
Metallurgy Operation Radiometallurgy Operation and Chemir al
Research Operation. and the first HLO Nuclear Safc-?'_\" Bull¢tn was
issued.

Technical planning fnr *he first series of experiments in “he Critical
Mass Laboratory contintued. The results "o be axperted are being
calculated by the IBM-709. Some of the cases calculated correspond
10 experiments performed in the oid P-11 laboratory -hus providing
a check on the calculation merhod,

In the NPR program exponential experiments wvere condu-red on tube~
in-tube fuel elements and PCTR measurements were begun on cluster
elements of natural uranium. Although natiral tranium we:ld nor b
used 1n the NPR these measurements provide vaitabie check points on
both calculation methods and experimentfal technigies.

In a study of the characteristics of the NPR primary loop ‘system.
satisfactory methods were developed for simulating the performance

of the hear exchanger on the analog -:omputer. This partivular componr-"
ent of the svstem had given difficulty because 1ts behav-or was depend-
ent on several parameters in addition to the time variable. Swmdy of

the complete system awairs arrival and ns:allation _c&f tha new EASE

computer,
SEE R
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Among people examined 1o date at the Shielded Personnel Monitoring
Station, a high percentage (95%) contained detectable amounts of Zn"?
averaging less than 1079 of the permissible bodv burden. While fail-
out is indicated as the source of much of this 1sotope. similar results
have not been reported from other s:ites equipped with similar mon -
itoring facilities.

Orderly progress was made on the many projects in the ingtrument
field, notable among them being investigation of a method for court-
ing neutrons in the presence of a high gamma background. personnel
dosimeters which will alarm when a preset exposure is reached

and an alpha air monitor of improved sensiftivity.

4. Biologz

Radioiodine levels in thyroids of jack rabbits were five times greater
than those of one year ago. Contamipation of aquatie life remained
unchanged.

DTPA administered o rats which had received otherwise jethal in-
jections of plutonium was able to prevent the lethal effecrt.

Cysteine was found to protect against the effects of X-~irradiation
on the glucose absorbing ability of the intesrine.

5. Programming

Analysis of waste stream materials from three out of five uranium
ore mills from which samples have been cobtained indicated 1onium
{Th-230) content in total thorium to be from two 10 four per cent.

For efficient preparation and recovery of special heat producing
isotopes (U-232 and Th-228) it would be desirable to use thorium feed
containing about 10 per cent lonium. The fact that mill wasie streams
without any process development or changes, provide mater:al of up
to four per cent ionium is quite encouraging.

The RBU computer code was given an extended trial! run this month
No coding errors have as yet turned up as a result of this run. and
the code may be considered complete excepr for auxiliary service
routines being supplied by ourselves. The American-Standard final
report on this project is now about ready for distribution Testing
and evaluation of the code will be coniinued diring the next few months

An exchange seminar program with the University of Washingron has
been esfablished. On alternate months, Hanford amd the University

20 DEGLASSIFIED —
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will send speakers to the other location.  Af the first seminar ‘in
Seattle}. E D Clavion w:1l speak on exponent:al and critical experi-
ments.

TECHNICAL AND OTHER SERVICES

Work was completed on *he comparison of four models with respect ‘o
their ability to predict in-reac'or corrosion.

The ceniral multivariaie analys:s subroutne of the GCL - omputer pro-
gram has been completed and checked.

Computations of a reliability index for *he K-plant water sys-em nder
various alternatives were successfully completed.

A study of the feasibility of complete automation of radiochemi:zal 1s0-
topic analysis by mulii-channel gamma spectrometers has been initiated.

Work on 14 operations analvsis programs conrinued during “he month.
In addition. staiistical and mathemarical assistance on 16 problems was
given within HLO and o other departments and oprratnons.

Two new plutonium deposition cases were confirmed. Boedyv d- pogi7.on
in both cases was less than 1% of the maximum permissible brdy burden
(0. 04 pe). The toral number of deposition =ases that have nccurred ar
HAPO 1s 237 and 170 are currently employed,

There were 23 authorized projects at month's end with ro~al authorizad
funds of §7, 797, 800. The total estimated cost of these projects is

$9 271, 365. {PRTR and PFPP are considered separate.v ' Three new
projecis were authorized and two were completed during the monh.
Three new projects are awalting AEC approval and three new projects
were submitted to AEC during the month. Four propoesals for new pro-
jects are in preparation.

Total productive time for Techmical Shops for *he month was 18 331 hours |
This includes 17, 131 hours performed 1n the Technical Shops, 808 assigned
to Minor Construction. 218 *o other project ghops and 374 hours 1o o'f-
site vendors. The total shop backlog is 26.456 hours of whi h 50% is
required in the current month, with the remainder distributed over a three-
month period. Overtime worked during the monmh was 3. 5% (781 hours)

of the total availakle hours.

1233831
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Radiographic Testing Operation made a total of 5. 872 tesrs, of which 703
were radiographic (including x-ray and gamma-ray) and 5. 169 were sup-
plementary tests. Out of a total of 2, 385 man-hours, 327 120 4%) were’
in connectuon with radiographic tests, and 2. 058 (79, 6%) were used on
supplementary tests.

A major revision of the Standard Distribution Lists for Classified Scien-
tific and Technical Reports {M-367¢} will be made The revision wili
eliminate 21 of the present 37 categories in M-3679 on the basis that
there need no longer be any classified repor:s issued in these categories.
In addition, the scope notes for C-42 (Reactors - Production) are going
to be re-written and expanded. A new Category C-65 will be created

into which will fall Savannah River and Hanford Research and Developmen:t
repcrts which contain production information or information from which
production data can be inferred. Under the revised system, all Research
and Development reports emanating from Hanford will be either unclass-
ified or, if classified, assigned to Categories C-42 or C~85.

There were a total of 66 open orders to J, A. Jones Company for con-
struction service work at month's end, These open orders amounted
to $195, 233, Forty eight orders were closed out during the month am-
ounting to $§90, 053, and sixty two new orders were ‘ssued amountng o
$49, 501. '

Design for the chemical processing area of the 306 Building Addition
Project CG-744, was completed and iransmitted ro AEC October 7. 1959
Bid invitations are expected to be issued November 10. The construerion
period may be exceedingly long due to steel procurement for the p:rkling
tanks. :

SUPPORTING FUNCTIONS

The laboratory equipment pool (Building No. 3718) is nearing completion
and should be ready for occupancy by November 15 195% A procedure
covering the movement of property imo the building is being prepared.
One of the PRTR warehouses may also be used for this purpose about
January 15, 1960, '

Arrangements have been completed for the transfer of accounring res-
ponsibility for thirteen presently authorized projects from CE&UO to HLO,
effective with November business. Weekly reports covering these pro-
Jects and newly authorized projects will be published during November.

... DECLASSIFIED —
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An audit of mainftenance was starved during *he month. [*s main purpose
is to assess the adequacy of HLO maintenance levels.

—

Payments amounting to $2. 800 ar:sing out of ~he Mak: arbTration
case were made during the month.

_As of October 31st, the s+aff of the Hanford Laboratories rotalled 1320
employees, including 636 exemp* and 684 nonexempr Trere were 546
exempt emplovees possessing technical degrees including 334 BS 112
MS and 100 PhD.

The medical treatment frequencyv for October was 1 52 as compared
with 1.97 last month There were 5 security violations during Or rober.
bringing the total for the vear 1o date 1o 38.

During the month, an injury which ossurred on September 29+h was re-
classified as a disabling injury and occurred when an empiny+~: smashed

a finger which required amputation on Oc*ober 12. Thiz represents HLO's
second disabling Injury since 1938.

BS/MS recruiting for the 1959--A0 recruiting vear began on October 7
During the month, 7 recruiters visited 10 un:vers:ties. FKarly ind:-
cations are that the demand for engineers i{s increasimng over las® yvear:
however, students' response to our ntervi-w v:<1*2 hag been excelilent
Seven offers were extended ‘0 exper.enced gradiates and A geccepranyes
were received during the month. Recruliing a “1vity in “bis area has
decreased materially during recen’ weeks. Twn PhD offers were ex-
rended and 2 acceptances were received during the month. Tso PhD's
reported on the roll for HLO. Durirg Oc*ober HAPO participated in
Company PhD recruiting at Texas. Rice Purdue and [ilinnis,

Four Technical Graduases were added 'o 'he Training Program rells dur-
ing October and 8 were placed on permanent assignmeni. The total inrce
in the Training Program on Oc*ober 3131 was 78,

Classes 11 and 12, PBM-I. totalling 40 Laboratories people were s ar-ed.
Fifteen Engineering Assistan's were enrolled in the Applied Crearivny

course.

Manager
Hanford Labora‘ories

HM PanksiruMHisni<ia

12338319 -
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REACTOR AND FUFLS RESEARCH AND DEVELOPMENT CPERATION

TECHNICAL ACTIVITIES

A, FISSIONABLE MATERIALS - 2000 PROGRAM

l L

METALLURGY PROGRAM

" Corrosion Studies

1233840

Effect of Pre-existing Autoclave Films on the Hydriding of Zircaloy-2.
Eight samples of Zirceloy-2 were given various pre-treatments to form
different types of surface films. These were then expcsed to dry hydrogen
gas at 400 mm Bg pressure and 500 C. The hydriding induction times varied
from zero minutes (for samples either "vapor blasted” or "etched" but not
autoclaved) to about 100 minutes for samples pre-autoclaved 72 hours at
LOO C in steam. However, all samples were completely hydrided within

three hours exposure to the dry hydrogen gas at 500 C. These resulis con-
firm earlier findings that pre-autoclaving offers only temporary protection
to hydriding in the absence of sufficient water vapor to maintain the oxide
surface film. '

In another test, & pre-autoclaved Zircaloy-2 sample was held in high
vacuum for two hours at 500 C and then exposed t¢ dry hydrogen. This
sample exhibited an induction time of 60 minutes and then hydrided at a
rate similar to a control sample which was not heated in vacuum. From
this experiment it is concluded that exposure to hydrogen is the factor
which leads to the breakdown of the oxide film, and +that high temperature
alone is not sufficient. If merely *time at temperature were the cause of
the observed induction times, this second sample should have hydrided
instantly upon exposure to hydrogen. :

Hydriding of Zircaloy in a Simulated NFR Jas Atmosphere. Samples of

Zircaloy-2, Zircaloy-3 and Zirecaloy-L were exposed for 16 days in a sim-
ulated NPR gas atmosphere. This gas was simulated by passing helium
through water to saturate it with water vapor; then passing the gas over
hot graphite at 1100 C, where the reactlon Hp + C Z CO + Hp occurs.

The reaction gas mixture then passed over the Zircaloy samples which were
held at 400 C for the l6-day test period.

Three samples of Zircaloy-2 and one each of Zircaloy-3 and Zirealoy-k were
tested with verious surface itrestments. After the test, hydrogen analyses
of the samples showed Zircaloy-2 ranging from 5S4 to 115 ppm, Zircaloy-3

40 ppm and Zircaloy-4 160 ppm, compared with pre-test values of about

25 ppm.

The final hydrogen values, determined by vacuum fusion, were confirmed
by estimates made metallographically. With the exception of the Zircaloy-l
sample, all of the final hydrogen concentrations are about in line with

DECLASSIFIED "
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atomic hydrogen pick-up which could be expected from the corrosion re-
action in water vapor at 400 C for 16 days and do not indicate substantial
pick-up of molecular hydrogen in addition. The fimal Zircaloy-4 value is
unexpectedly high but is consistent with the hydriding behavior in cther
tests of this particular batch of Zircaloy-4, which is now believed to be
off-standard.

Fuel Element Rupture Studies. A coextruded rod element with a $.C2%-inch
diameter pinhocle defect in the cladding was exposed %o water at 170 C,

500 peig for 50 hours. About 350 ml of hydrogen was slowly evolved during
the first 15 hours of exposure, then none was evolved during the remaining
35 hours. After 50 hours, there was no visible distortion of the fuel
element sample. Apparently the water reacted slowly with the uranium ex-
posed at the defect, evolving a small quantity of hydrogen until the pin-
hole was plugged with uranium oxide and the reacticn ceased.

In another series of tests, large coextruded tube-element samples, with
pinhole defects, were confined in lengths of KER-size Zircsloy process
tubing and ruptured in water a% 200 C in an autoclave. The ruptures in-
volved the corrosion of up to 550 grams of uranium per rupture and in
some cases caused considerable distortion of the process tubing. Iwe of
the distorted process tube samples were examined metallographically for
zirconium hydride formation in the damaged area, and, significantly, there
was no evidence of abnormal hydriding.

Recently. there were two ruptures of coexirusion Zircaloy-clad uraniuwr fuel
‘elements)in the-KER in-reactor test loops. One rupture resulted from the
penetration of the inner cladding of & small *ube element, and the other
wvas 4 failed rod element. Both zases presented the opportunity to compare
"real" in-reactor ruptures with ex-reactor "autoclave produczed” pirchole
defect ruptures. The strong similarity vetween the appearance of the in-
reactor and ex-reactor ruptures is believed to be evidence of the signifi-
cance of these ex-reactor autoclave rupture tests

Resctor Decontamination. The APACE decontamination process (employing
alkaline permanganate solution followed by ammonium citrate-ethylene
diamine tetra acetic acid solution) is being tested for possible appiica-
tion in the NPR piping system. Testing has shown the process to be
promising except that the acid solution ccrrodes carbon steel excessively
wvhen i1t is gslvanically coupled to stainless steel. Laboratory tesis
have been started to elucidate the variables in this corrosion process
and find s method of controlling it.

Incomplete laboratory results on the stalnless- -carton steel couple in the
acid soclution show that important varisbles sre: (a; the relative area
of the cathode (stainless steel}, (b) the solution velocity, and (c¢) the
temperature. It 1s also tentatively believed that oxygen and iron con-
centrations in the acid may be important. However, galvanic currents
only account for less than one-half of the observed corrosion in this
series of laboratory tests conducted to date. Chemical inhibitors and
cathodic protection are being investigated as possible means of limiting
this corrosion.
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Autoclaving of KER Elements. Three tube-and-tudbe elements fabricatel by
Fuels Development Operation have been autoclaved for two weeks in 360
water as an additional proof-test, since a similar coextruded fusl tube
recently ruptured in-reactor in a KER loop. The autozlaved elements were
inspected after 5, 10 and 14 days of exposure and showed little change from
their visible appearance after the original autoclave test (three days;

40O C, 1500 psi stesm). Copper contamination was clearly visible afher

the initial autoclave test but showed little change with the additicnal
exposure in 360 C water. Some acid staining did shcw as grey areas after
10 days of exposure.

Radiometallurgy Laboratory Studies

Visual examination was concluded on the internal tube of a 26-inch iong,
Zircalay-2 clad, coextruded 1.47% enriched, tube-in-tube fuel elemernt,
which ruptured in KER Loop No. 3 after an irradiation of LOO MWD/T. 4
film build-up estimated approximately 10 mils thick was observed cver the
; entire center tube. The rupture appesred as a pinhole defect which ex-
panded the uranium to partilally block the interrnsl diameter. Deer pitting
attack of the Zircaloy-2 cladding was observed near the rupture. Metal-
lography will continue after the radiation level is reduced by a factor
of 10 {RM-553).

An unrestrained, coextruded uranium sample clad with 3C-mil Zirecalcy-2
showed increases in diameter from 1% to T% affer 2000 MWD/T exposure in
the ETR. Another sample was found to be rupitured at the trhermoccuple
end (RM-275).
Metallographic examination of s small crack In the Zircalcy-2 cladding =7
a coextruded, natural uranium rod, which was lrradiated to 3500 MWD/T ixn
" WeK at the MIR showed a penetraticn of the crack into the uraniun fer -
gbout 0.05 inch (RM-250). Metallogrephic examination of the Zircaloy-2
cladding from a ruptured 7-rod cluster from PT-IP-2iLi-A showed mapny holss,
seams and inclusions. Ore hole had penetrated 50% of %ha can wall, and
the can wall thickness was found to be from 47 to 57k of the desirad
thickness of 0.030. These defects were related to the fabrication process

{RM-295).

Metallographic examination of samples from the #t section of the Zircaloy-2
process tube remcoved from KER Loop 2 has not revealed any hydride formaticn
but has shown localized areas of small equisxed, recrystallized Zirecaloy-2
grains (RM-S02)}. Visual examination of the swaged and welded end closures
of a T-rod cluster fuel element (PT-IP-2u6-A) showed them to te in excel-
lent condition after irradiation to 4LOO MWD/T. The welds tha* joined the
-rods to the spacer ring showed some white corrosion product indicating sither
poor autoclaving or improper fabrication {RM-552). A thorium *ensile sample
wvas irradiated to a calculated 1 a/o burnup and was tested at room tempera-
ture (RM-213). A sample of uranium which had been irradiated to 350C MWD/T
and annealed at 880 C for 100 hours was polished, etched and replicated for
electron microscopy. MNumerous cracks and fissures were observed as well

a8 a central crack which extended over 2/3 of the diameter (RM~265).
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The resultis and conciusions frem these tests will be reporsed ip connection
with the respective development programs of Puel Design and Physical Metal-
lurgy Operations.

Basic Metallurgy Studies

Radiation Effects in Fissionable Materials. Unirradiated uranium specimens
and specimens irradiated to 0.01l3, 0.031, 0.072, and 0.10 a/o burnup under
PT-3NA have been sent to BEMI for thermal conductivity measurements andg re-
sults obtained on the specimens irradiated to 0.018 and 0.C31 a/o burnup
and on an unirradiasted specimen. The thermal conductivity of the irradiatec
uranium was found to be from 18 to 30 percent lover than the unirradiated
uranium depending upon test temperature. The thermal conductivity versus
temperature curve for the specimen irradiated to 0.031 a/o burnup was re-
versible indicating the lack of recovery at elevated temperatures. 4 con-
sistent relationship between thermal and electrical resistivity was not
apparent in the dsata.

Testing of irradiated thorium, an isotropic cubic metal, should yield data
that can be interpreted more simply than that for dimensionally unstable
uranium, although both undergo damage from fast and thermal neutrons. Six
tensile specimens of thorium have been irradizted in NaK-filled capsiles

at the MTR to burnups ranging from 0.1 to 1.5 a/o. Specimens irradiated

to 0.1, 0.85, and 1.50 a/o burnup were measured for hardness and a specimen
irradiated to 0.65 a/o burnup was tested in temsion during the month. Ir-
radiation to 0.1 a/o burnup resulted in an increase in Rockwell "A" hard-
ness fram approximately 16 to 48, while higher burnups caused only small
subsequent hardening. Metallographic examination revgaled a well developed
network of intergranular cracks in the specimen irradiated %o 1.5 a/o. The
britiieness of this specimen influenced the nardness values which varied
from 3% to 59 Ry. The specimen irradiated to 0.65 ajo burnup had an
wltimate strength of 75,200 psi, & 0.2 percent yield strength of 69,100 psi,
and & total elongation of 2.1 percent. <Comparable values for the unirradi-
ated control specimens are 26,750 psi, 18,30C psi, and 37.8 perzent,
respe¢tively. These data reveal that irradiation %o about 1.C a/c “urnup
embrittles thorium to an extent comparable to uraniam irradiated tc about
0.1 a/o burnup.

Radiation Effects in Structural Materials. A formal report, HW-51287,
entitled "An Effect of Neutron Flux Level upon Damage Accumulation,” was
zompleted this month. It was shown that at & given %“emperature there 1s
an effect of filux upon the shape of the reutron exposure curve. This
indicates that two irradiations to the same exposure, if carried out at.
different flux levels, will give different property changes. These dif-
ferences are decreased by lowering the irradiation temperature. Increas-
ing irradiation temperature has the opposite effect.

Mechanical and Physical Properties of Materials. The creep properties

of Zircaloy-2 are considerably improved by small amcunts of residusl cold
work. The extent to which increasing amcunts of cold work improve creep
properties and the effects of recovery occurring in the test temperature

1233843 =



1233844

A=5 HW-62587T

range are now being determined on specimens cold worked wiship the range
of 15 to US percent cold work. Flat creep specimens cold worked +o 19,
25, and k5 percent cold work are being tested in vacuum creep units hack-
filled with a static pure helium atmosphere. Resuits on the 25 and 45
percent cold worked material at 400 € (752 F) show that third stage <reep
has yet-mot occurred in 450C hours at the stress levels of 13,000 and
18,000 psi. At & stress level of 21,000 psi, the 45 percent material
has gone into third stage creep, but the 295 percent material has not.
The initial elongetions for the 25 percent material is higher than zha
of the 45 percent material, but in 1500 to 3000 hours the creep rate
the 45 is greater than that of the 25 percent material. Jonsequently,
on the basis of the test results thus far, there is no improvement in
creep properties by increasing the cold work to 45 percent.

+
*
ocr

Electron and Optical Microscopy. The study of the microstructures cf

cladding and fuel materisl is & direct way of detecting radiation damage
in these materials. Thin films of fulls offer advantages since handling
problems due to radioactivity are minimized. The preperation, irradiation,
and subsequent microscopilc examination of films and foils is continuing.
Irradiation of thin evaporated films of Al supported on 200 mesh copper
grids has shown that copper is present in or on the aluminuz after irrad-
iation exposures of approximately 1 x 1612 nvt. 1In order to establish
whether the copper results from in-resctor diffusion or from in-reactor
evaporation, four capsules each containing sn evaporated carhon filt
supported on a 200 mesh copper grid are being irradiated %o varicus expos-
ure levels. If copper is present on the carton film, in-reactor svapora~ion
of copper must occur during irradiation. '

Particles of uranium dioxide, abou% one micron in diameter, dispersed on
an evaporated film of aluminum, have been irradiated tc 8.0 x 103G =v=
(thermal}., No evidence of fission fregment trajectories in The aluwirim
has been observed. The uranium dioxide particle cutlines tecome difiuse
with increasing exposure. At an exposure of 1.5 x 10Y° nvt, the alumizum

.film broke awey from the uranium dioxide particles, and an irreguiar d=nos-
ition of high electron scattering materisl remained in regicns nesr mne

original uranium dioxide particles. The matrix aluminun shows considerable
heterogeneity in that flakes and globules of high electron scabterirg
material are uniformly dispersed on or in the aluwminum: this was no* the
case prior to irradiation. Electron diffraction patterns of several films
irradiated to various exposure levels have been measursd; however, all
lines have not as yet been identified.

A thin foll of high purity aluminum prepared by rolling and subsequect
chemical thinning techniques has been irradisted to an exposure of 3.2 X
1019 nvt and then studied in the electron microscope. When the foll is
bombarded by the finely collimeted, intense beam of elec¢trons in the
mieroscope, localized thermal stresses cause dislocations to move, Fre-
liminary study of this fiilm has indiceted that irradiation does anot appear
to impair the motion of the observable dlslocations. Development of tech-
niques for preparing thin foil specimens of reactor fuel and cladding
material has continued.
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An article, entitled "An Improved Method of E%ching by Ion Bombardment,’
has been published in the September 1959 issue of Review of Scientific
Instruments.

In-Reactor Measurements. A prototype creep capsule is in cperation in
the KW Reactor. This capsuie has been designed tc mazke continucus mea-
surements of the creep deformation of an annealed Zircaloy-2 specimen
during irradistion. The capsul2s was charged with the specimen located
near the edge of the graphite reflecter. This extreme pesition was neces-
sitated by high gamms heating in the active lattice of the reactor. At
this point the fast flux has been measured to be in the order of 10+ nv.
The capsule received a thorough operational check before charging into

the reactor and was tested in-reactor before loading the specimen. An
exposure of 2 x 1047 avt was given the specimen before the load was
applied. The stress on the specimen is 22,00C psi. The test tszmperature
is 550 F {290 C}. An identical test is being run out of the reacter *o
provide a direct comparison with in-reactor behavior. The initial elonga-
tion of the ex-reactor specimen was 2.8 percent. The in-reactor specimen
did not exhibit nearly as high an initlal elcngation and no noticeablie
first stage creep in the next &6C hours. The test temperature will te
ralsed in 25 ¥ increments until creep does occur in-reactor.

As a result of the Capsule Development Meeting held at BMI, various
methods For fabriesting the hot-junctions on sheathed thermocouples are
being evaluated. Of the methods proposed, and those methods <urrently
in use at HAPO, one appears to be intrineically better than %he otlers.
This metho . involves plugging the open end of the sheath with a “ight
itting plug of 308 SCB stainless steel. Holes are drilled in the plug
to accommodate the thermocouple wires. The use of the 308 303 produces
a weld with properties more like the original 30L than can be obvalized
by fusion welding 304 alone. A series of shor% thermocouple szcticns
were prepared by this method along with samples prepared by c¢ther methods
currently in use. The closures were made by both experienced and izn-
experienced welders; the samples have been radiographed, and %he junctions
will be tested for response and for cyclic life. The cycle life test will
be performed by quenching from a 900 € molten salt bath intc wa%er; a
severe test that closely approximates the conditions that sheathed thermo-
couples can encounter in scram shutdowns of test reactors.

Metallic Fuel Development

Cluster Fuel Elements. The proposal for the second rupture test to be
run in the ETR 3x3 loop has been written and is being issued. The ir-
radiated elements for this test were discharged last month from tube
36Th-KE after an exposure of 2200 MWD/T, and have been shipped to the
ETR. .

Seven, T-rod cluster elements {one with 30-mil and six witn 20-mil jackets)
coextruded in Zircaloy-2 have been discharged from KER Loop 2. These
elements were scheduled for an exposurs of 5CCC MWD/T, but were discharged
after an estimasted exposure of 2500 MWD/T because of rupture indications
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in the loop. After they were discharged, the clusters were visually
examined in the KE view pit. One peripheral rod of cne element was

found to have a2 bump about one inch long by 1/2 ineh wide, and perhaps

1/8 inch high on its surface, about half way between the ernds of the rcd.
This bump was split parallel to the axis of the rod. Examinaticn under
weter did not determlne whether this was the 30-mi]l or one of <he 2C-mil
clad clusters. The loop had been operating at outlet temperatures of 250 C
with the water maintained at pH 10 by the addition of LiCH. No evidence
of corrosion was seen at the time the fuel elements were discharged, and
the visible rod surfaces appeared to ve black and free from film.

Tubular Fuel Elements. Zircaloy-2 clad tube-in-tube fuel elements are
being evaluated in the KER loop facilities in suppor®t of the NPR program.
On September 30, 1559, a failure was incurred in Loop 3 after only three
weeks irradiation of three enriched elements. Examination of the fuel
elements indicated that a "erud" film of 0.010" maximum thickness had
deposited on the fuel element surfaces. In areas where this film had
broken away, the black sutoclave film was missing, and the Zircaloy-2
clad had suffered corrosive attack.

A clad failure had occurred in the inner annulus of the inner tube of the
down stream element. The failure was 17.25 inches from one end of the
36-1inck long element and had occurred as the result of extensive pitting
corrogion. At the point of failure, corrosion of the underlying uranium
had resulted in swelling and splitting of the Zircaloy-2 clad. The
temperature drop through C.0l0 ineh film would be excessive, and accel-
erated corrosion due to "overheating” of the clad i1s the mcsti prohatlie
cause of fallure.

Tube and rod fuel elements were run in KER Loop 4 as the initial tes*®

of tubular fuel in high temperature coclant. The twe elements were
shipped to BMI after 2000 MWD/T pH 4.5 coolant. Examination in the SMI
hot cell showed that the surface of the rod had incurred pitting eorrosicn
similar to that seen on a recently failled tubular element from KER Loop 2.
Diameter measurements of the rod were lower than cptical Zeasurenen<s made
on the =lements at Hanford. The dlameters measured a* BMI give a corres-
ponding volume incresse of about one percent. The tubes appear “0 b2 in
good condition. No increase in tube bowing oecurred.

Three tube-in-tube elements intended for Loop 4 were returned <o DO

for reautoclaving. There had been scme doubt as to the corrcsion re-
sistance of these elements subsequent to the Loop 3 tube-in-tube failure.
These elements were then reautoclaved for ten days.. They still have &
corrosion resistant black film. '

Immersion in 37 percent HCl at room temperature was utilized as & lefect
test of the Zircaloy-2 cladding of NPR size tube and tube fuel el=ment
components. Observation of hydrogen bubbles liberated »y the chemical
reaction of HCl on uranium revealed four out of the sixteen tubular
components tested had cladding penetration. The defects revealed by
this method were a line of pinholes slong the inner surface of a two-fecot
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long outer tube and small tears of the inner surface of a one-foot and a
three-foot outer tube and a three-foot inner tube. The components tested
are to be assembled into elements for IPD's charge-discharge testing and
for display elements.

A series of tests are being developed for application to Zircaloy-2 clad
fuel elements to insure their satisfactory performance in the reactor.
First priority has been given the following:

Removal of the copper exirusion-lubricant layer from the Zircaloy surface
by acid etching and mechanical abrasion frequently leaves smail spots of
copper deposit on the Zircaloy surface, as well as copper diffused into
the outermost layers of the Zircaloy. Visual cbservation often fails to
identify such copper content. Copper on the surface may be released using
electrolytic techniques. Benzoin oxime, an organic reagent specific for
copper, is then used. With use of 2 more corrosive electrolyte, diffused
copper may be readily detected.

Another aspect of the copper content problem is the gquestion of whethner
small specks of copper deposited on the Zircaloy surface are really
detrimental. To help answer this question, the ionization potential
between Zircaloy and copper in ftap water was measured at temperatures

from 25 to 100 €. Zircaloy was found to be ~»0.4 V negative with respect
to copper at sll temperstures within the range menftioned. The Implicatiors
are that smell copper .deposits will tend tc acceleratz *the corresicn cf
surrounding Zircaloy in hot water causing pits.

The Vectorscope developed for meassuring wall and swea%ter ccat thickness
on aluminum clad slugs appears to be adaptable <o Zircaloy CD cladding.
A probe to be used with this device for measuring the ID wall thickness
of the Zircaloy has just been fabricated and is ncw teizng calibrazed.
Present indicaitions are that it will be satisfactcry for this purpose,

The ultrasonic bond test as used to test aluminum slugs appears %O apply
equally well to Zircaloy clad fuel. A test tank tc accomrodate ten-foot
long tubes or rods is being fabricated, and a crystal probe head to cneck
the ID Jacket is being designed. If successful, this device will non-
destructively check both interior and exterior jackets for satisfactory
bond.

Wall defects in cladding material are relatlively easy tc spot by visual
observation of the outer jJacket, particularly if a channel allows the
pickle acid to reach the uranium core, causing evolutions of gas which
bubble: or froth: at the leaky place. BSimilarly, complete channels
through the inside wall are betrayed by gas evolution into the picXle
solution. To aild in detecting tears, folds, and seams in the intzrnal
cladding, the standard '"Dy-chek' dye penetrant test is applied. Scanning
the wall with a borescope revesls large open cracks directly, and narrov,
deep cracks, folds, etc., by the tell-tale red dye spot. Preliminary
trials show promise for an "electric eye" scanning system in which a
photocell is attached to the eye piece of the borescope. As the large
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open tears, or red spots of "Dy-chek” positive areas pass the scanning
lens, they cause a drop in the photocell output. This change actua+es
an indicator needle or alarm. .

Component Fabrication. The salt baeth heat treatment of Zircaloy clad
fuel elements is being investigated to define the conditions of treatment
to produce optimum fuel element praoperties. Three-inch long sections of
both KER outer and imner tubes have heen treated in a range of quench
conditions, range of betae temperatures, and a range of beta holding times.
Examination has been made of the uranium-Zircaloy bond structure and
thickness and uranium grain size. X-ray examination of as-extruded and
the heat treated specimens is partially complete.

Approximately 150 feet of 0.09% inch diasmeter Zircaloy-2 wire was electro-
plated using an alkaline pyrophosphate type copper bath. The sole purpose
for the copper was to provide lubrication for the two-step drawing oper-
ation to reduce the diameter to 0.079 inch. A clad thickness of a half of
mil was found to be adequate. The wire 1s to be used for the outer wrap
of the PRTR cluster fuel assembly. '

Closure and Joining. Acid machining of uranium from Zircaloy-2 clad rod

. stock to facilitate welded end plug closure was successfully accomplished
by rolling of rods submerged horizontally in 37 percent HCl. Freviously
successful acid mechining has resulted only when the meterial had been sub-
merged vertically with the end to be machined in the down position. Ths
suecess of horizontal machining is significant in simplification of the
process for productlion purposes. -

Short lengths of KER size (1.050 inch CD x 0.500 inch ID) Zircaloy-2 clad
uranium coextruded tube have been successfully hot headed. The hot head-
ing operation is a prelimipmary step in cne type of fube closure consisting
of extruding the uranium core from the end of the tube while forcing the
Zircaloy-2 cladding over the end of the tube toward the center of the
tube wall. The cladding which formed over the end of the KER fubes
appears uniform and sufficiently thick to permit projection welding a
ring cap to the ends of the tube for the firal closure. The tubes were
prepared for heading by chemical plating copper to the tube surface, then
coating with a thin graphite lubricant to prevent the Zircaloy-2 from
selzing to the tube container and mandrel. The tubes were prehea*tzd %o
620 C and inserted in a preheated container and extruded at a 6 to 1
ratio. Attempts will soon be made to hot head 20-inch long KER tubes.

- This tooling will have the advantage that any length of tube can ove hot
headed with a minimum of tooling change.

4llied Fuel Studies. The develepment of macrocracks in irradiated uraniux
due to internal strains caused by the anisoiropic thermal expansion of
uranium crystals has been experimentally demonstrated. The initial draft
of a document describing the rapid gquenching of irradiated uranium disks
which produces the macrocracks is completed. Photomicrographs comparing
the c¢racks produced in-reactor and ex-reactor are included in this docu-
ment in order to show the similarity of the fractures.
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The ability of Zircaloy-2 to mechanically serve its funstion as a fuel
Jacket or pressure vessel depends on, In additicn to its creep strength,
its noteh sensitivity and resistance to brittle propagation of cracks.

The pre-irradi&tion testing phase of the in-reactor burst test program
revealed a high resistance to crack propagaticn in Zircalcy-2 extruded
Jjacket material providing it was stressed below 1ts ultimate strength. -
Burst capsules were stressed with internal nitrogen pressure at varicus
temperatures and times sufficiently to cause creep, bui mot to ause
fallure. A crack was then started at test temperature and pressure by
forecing a knife edged tool into the jacket wall. In all cases, *here was
no ductile or brittle propagaticn of “he Jacket puncture. A spot on onsz
capsule was embrittled by locally alloying the Zircaloy-2 with silvar.
When this spot fractured under pressure loading, the crack terminated at
the boundary of the 1/8 inch diameter spot of alloy. Provisions were made
for conducting similar measurements of resistance to crack propagation on
this type of capsule after it is Irradiated under controlled stress and
temperature condition.

Reactor swelling experiments of Zirceloy clad uranium fuel rods with
selected uranium temperatures, cladding thickness, and exposurse are

being conducted. Radiometallurgy examination of $EH-3-58, ome of the
above rods, which operated at an average central uranium temperature of
580 C to an exposure of 2100 MWD/T reveals maximum and average diameter
increases of 6.4 percent and 3.8 percent, respectively. This average
diameter increase, together with a 0.5 percent incresse in fuel rod length,
gives a volume increase of 8.3 percent. Temperature records reveal that
the center of the wranium cycled 40 times through *he alpha-beta *ransfor-
mation and three times through the beta-gamma transformation. The maximur
recorded temperature was 815 C. Examination has begun cn JEH-3-59 which
operated to an exposure of 2100 MWD/T at an sstimated averags central
uranium temperature of 825 C. With reactor excursicns the maxizum *tem-
perature is estimated to have been 950 C. A circomferential crack in

the cladding at the cross-sectional interface of the end csp and uranium
has separated one of the end caps from the fuel rod. A separaticn of the
cladding and uranium at the U-Zr bond has occurred for approximately one-
half inch along the rod. The exposed uranium is severely corroded. No
severe diameter change can be observed elsewhere on the rod.

Four of nine capsule assemblies fabricated to extend the coverage of
temperature, exposure, and cladding restraint have been charged In the
MTR. Measured temperatures were 15-20 percent bhelow design because the
capsules were not charged in the requested flux. Nineteer aluminum
capsules designed to permit irradiation of 0.020 and 0.030" clad uranium
rods at selected central uranium and cladding surface temperatures have
reached approximately one-third the goal exposure of 1500 MWD/T in D
Reactor. Thermocouples in two of the three capsule trailns have failed.
Temperatures measured with the one remaining good thermocouple are 25 per-
cent below the desired 600 C. Calculations of temperatures in the other
two capsule trains indicate they are also below goal temperatures but
closer to design conditicons.
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Metallurgical Development. A detailled metallurgical examination of
various pressure bonded Zircaloy-2 clad uranium tubular fuel elemen<s

has been completed. ‘This investigation has revealed the mechanism of
compound formation along the bonding interface. Since samples were

held at 845 C for four hours at 10,000 pei, the diffusion 2one was much
thicker than a normal coextruded bond. Reaction appsared to begin by
uranium diffusing across the interface, forming an epsilon phase with

the zirconium. With longer times at temperature the epsilon phase was
consumed forming the higher uranium concentraticn phasz of epsilon phase
plus delta. Diffusion simultanecusly progressed into the uranium ferming
a deltas phase followed by a eutectoid formetion of alpha plus delta phase.
Slow cooling of the sample allowed the delta phase to form instead of the
metastable gamms retained by quenching from the higher temperatures. A
2a3t bonded interfece, not subjected to pressure bonding showed a
zajority of the epsilon and the alpha plus delta pheses. Pressure bond-
ing of the cast bonded sample caused an lncrease Iin epsilon plus delta,
delta and & three-fold increase in the alpha plusg delta phases which
extended far into the uranium. Microhardness values obtained on the
epsilon and epsilon plus delts phases indicated that the combined phases
had approximately the same hardness as the uranium (2LO DPH). Hardness
of the combined delta and alpha plus delta phases was considerably higher
than either the uranium or Zirecaloy.

Design Analyses and Computations. Large thermal expansion incompatibilities
should exist between the fuel material and end caps. If the end caps are
bonded to the fuel material, suppression of the thermal irncompatibilities
cculd cause stress conditions in the end cap bond area which are more
severe than those encountered in the cladding bond areas. Theoretizal
solutions are being scught which can be used to estimate the eflect of

end cap thickness on these stresses. The theoretical elastiz protlem

is the finite cylinder which prescribed end conditions. No exact sclu-
tions for ihis provlem have been found, but estimates of how rapidly
stresses decay can be made. Thus, an estimate can e made on a limit of
end cap thickness which must be obtained before any appreciable alteraticn
in stresses can be expected. This estimate can be made for both ftube and
rod end caps.

2. REACTOR PROGRAM

Coplant Systems Development

Decontemination of Present Reactors. From the results obtained to date,
i1t asppears that a bisulfate solution is satisfactory for through-reactor
decontamination of the present Hanford production reactors. Lahoratcory
tests nave shown negligible corrosicn on stainless steel, carbon steel,
C-64 aluminum, X8001 aluminum, and Zirecsloy-2. So far, three proprietary
tisulfate decontaminants have been tested: Wyandotte 75, Wyandotte 1112,
end Turco 55-84. '

DECLASSIHED —
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Decontamination of NPR. Shakedown runs have been completed employing
EIM0O-12 decontamination test loop, and six tests were completed in this
new unit during the past month. After the first test, to determine de-
contamination factors and corrcosion data, a reappraisal of the testing
program indicated that more data could be obtained in a shorter time if
the loop were cperated to obtain corrosion data only. '

The bearings in the Chempump were attacked by hydrogen peroxide during

the first test. The bearings were umprotected and developed rather

severe thrust wear. The pump was repiaced by the CRA-1 T-Model pump

with protected vearings. The O-25 gpm rotameter was removed and a 0~40

gpm rotameter was installed. This change was made to permit higher measured
velocities during the tests. The coupon holder was also redesigned for

the same reason. When the loop is operated at maximum flow with the new
coupon holders, a linear velocity of about 6.25 feet per second can be
cbtained. .

Tests heve been carried out in the laboraiory, in EIMO-12, and in the
Irradiated Slug Rupture Prototype Loop tc determine the relative importance
of experimental variables on corrosion during decontaminstion. For a givex
procedure, the most important variables appear tc be galvanic coupling,
flow velocity, and temperature. In previcus tests large discrepancies

in the corrosion rate on carbon steel occurred between laboratory results
and those obtained in the pilet plants. In mseny cases the corrosion ra%tes
obtained in the IRP Loop, for example, were over ten times as great as
those obtained in the laboratory under supposedly similar conditions.

In the laboratory test completed during the past month, it was found tna<
corrosion increased with increasing temperature but not eacugh to explain
the high penetration found in the IRP Loop. However, it was demonstrated
that galvanic corroslon did occur and could cause the nigh penetraticns.
In the EIMO-12 loop the corrosion rate veried directly with flow velocity.
Although the data obtained so far are only qualitative, equipment changes
are being made to permit a quantitative evaluation.

Probably the most important veriable is the galvanic coupling. Several

runs have been made in the IRP Loop using carbon steel coupons 12 carbon
steel holders and carbon steel coupons in stainless steel hoiders. The

decontamination procedure used included the following steps:

a. Peroxide-bicarbonate
. Alkaline permanganate
e¢. Sodium bvisulfate.

In the run using carbon steel coupons in stainless steel holders {galvanic
coupling), the corrosion of carbon steel was high (0.6 mil)} as in all
previous pilot plant runs. However, repeating the experiment using carbon
steel holders (to minimize galvanic coupling) resulted in much lower
carbon steel corrosion (0.07-0.11 mil), more nearly compsrable to the
rates obtained in the laboratory. The practical implication is that in
the NPR, excessive corrosion may occur at locations where galvanic couples
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exist (flanges, welds, etc.), unless some measures are developed %o protecT
these gpots during decontamination.

The decontamination factors obtained with the three-step bisulfate process
were uniformly high (approximately 100) in the absence of galvanizs coupling.
Where galvanic coupling occurred, however, the heavy corrosion product on
the carbon steel appeared %o trap part of the contamination, resultiing in
lower decontamination factors for the carbon steel, namely, D.F.'s cf
approximately 20.

The APACE procedure appears to give slightly higher corresion rates than

bisulfate for carbon steel, but more efficient decontamination of stainless
steel. One procedure (CODS) developed by Bettis for decontaminating stain-
less steel was tried in the REP Loop. The decontamination factors were low,
Eanging grqm two to seven, and the corrosion of carbon steel was excessive
Q.7 mil).

Rupture Testing of NPR Fuel Elements. An ETR cluster element was tested
in EIMO-4 for a second hour in 300 C water. Considerable swelling and
consequent Zircaloy-2 tearing, encugh to separate the rod, hed occurred.
The rod lost 43 grams during the secord hour for a total loss of L8 grems.
A KER szize outer tube in a tube-in-tube element with an initial pinhole
defect on the ocutside had swollen enough on the inside surface to prevent
removal of the inner tube after three to four hours exposure to 300 C.

The EIMO-4 Loop was moved from 105-E to the 1706 KE Building. It 1s 2x-
vected that the loop will be installed and ready to cperate by tae end cf
the second quarter of fiscal year 1960.

Secondary Systems for NPR. A new siress-corrcsion heat exchanger has been
put into operation to ftest stainless steel in oxygen-bearing deminsralice
water. The first test will be primarily to determine the necessity of
treating the secondary coolant of the NPR. The test conditions are suca
as to provide bolling and concentration of this cooling water at 200 T %o
induce possible stress-cracking conditions on an internal tube operaving
at 550 F. Results of the tests are expected to be useful in establishing
treatment procedures requiring water in this system.

Component Testing. New nozzle cap plug designs using removable threaded
O-ring flanges_(%o permit leaking O-rings on thermocouple trains %o be
removed without discharging the treins) were subjected to 8%%4 additicoal
thermal cycles between 300 and 550 F during the month. This makes a tofai
of 2096 cycles completed with no leskage cbserved on either the single or
double diamond shaped nickel during thermal cycling. A small amount of
leakege hes been noted on both seals when the temperature and pressure are
removed. However, the gaskets reseal when pressure is re-applied. A
bell-ring gasket design will also be tested to determine whether the leak-
age upon pressure release can be eliminated.
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A "Graylok" Jjumper cornection has been thermal cycled 894 times between
250 and 550 F at 1850 psi with no observed leskage. This joint is being
tested for use on severzl cut of reactor corrosion test loops. If
acceptable, this Jjoint mey also replace the Marmon-Conoseal joint prev-
icusiy tested for NPR jumper connectiocns. The use of the Graylok joints
in the NFR would permit savings of about $250,000 over the use of Marmon-
Conoseal Joints st the present supplied prices. Considerasble savings could
also be made if this type of joint were used in place of pipe flanges
since the Graylok supplied cost is about one-third to one-half as much as
flanges with the same pressure ratings.

Structural Meterials Development

NFR Zircaloy Process Tubes. Chase Brass & Copper Company has activated a

new facility for stripping the copper Jackets from the NPR tube extrusions.
The flrst 25 extrusions have been stripped and are now undergoing stretch
straightening and surface conditioning preparatory to the welding operaticn.
An additional 62 -extrusions have been made. 3Based upon cursory examina-
tions thus far, the extrusions appear to be of excellent quality. Work

is proceeding con the installation of new equipment which will be employed

in completing these NFR process tubes. It is currently estimzted that

the first drawing operaticn will be undertaken during the week of November 16.

No NPR process tube work is being accomplished at the Allegheny Ludlum
Steel Company because of the steel strike. However, the nirne extrusions
produced before the strike have :zen welded into three tube blapks hy the
Budd Company. Since radiography showed a flaw in cne of the six welids,
this weld has been cut out and rewelded. The welds will be reaiy for

GE inspection at the end of October.

Harvey Aluminum has been forced by lack of drawberch capacity to anneal
their NPR tubes before the last two draws (of a total of four). Two of
their first three extrusions are complete through the annealing stage.
Cne of these two has been given the final two draws and is awaiting
stripping of the lubricant. This tube is now more than 60 feet long,

too long to fit in the chemical strippipg tank. They are rutting short
lengths from each end and stripping and examining these to decide which
end of the tube should receive the major cropping. The second tube hsas
not received the fourth and final draw. A scratch produced.in the third
draw must be evaluated to determine the degree of conditioning necessary.
These two tubes are expected to be ready for GE inspection the week of
November 2. - Sufficient sponge to make 20 to 3C more tubes is due to
arrive at the vender's plant by the end of Cetober.

Nonmetallic Materials Development

MTR High Temperature Graphite Irradiations. The GEH-19-3 experiment
continues to operate in the L-L8 position with samples at 675 C, 750 C,
and two in excess of 825 C. Heater #3 has lost circuit continuity, =nd
two thermocouples show anomalous behavior, but since relastively high
temperatures are developed by gamma heating most of the objlectives of
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the experiment will be attained in spite of these component failures. The
experiment gained a substantial exposure Jduring Cycle 128 Lecanse new MIR
fuel elements allowed the reactor to cperate throughout the <vzle without
refueling, for a total of 663 MWD.

Refined temperature data for the FEH-19-1 experiment indiczate that at

900 C, CO (needle cocke) and CSF graphite contracted the seme amount for
the exposure received. GEH-19-2 is being disassembled, and data should
be available sometime in November. Since this is the first experiment in
which the graphite samples were encapsulated to minimize scuffing damage,
it is expected that the contraction data will be more relisble than from
previous tests.

Samples from hot capsules GEH-lh- 111 through 11L were remeasured af<er
irradiation tc determine the dimensional changes under radiation. The
capsules in these experiments were helium filled, thereby holding the
temperature of the samples during irradiation in the intermediate range
(200 to 450 C). Nearly sll samples exhibited growth during the experiment
which is consistent with previous experiments. The samples of L-10
graphite expanded more than the sampies of other types of graphite. IF
the correlation is true which indicates that graphites with high exparsion
rates on irradiation at low temperatures show low contraction rates on
irradiation at high temperature, then GL-10 is one of the mo - acntracticn-
resistant graphites of those tested to date for the NPFR. GL-1i0 is made
from proprietary Great Lakes Carbon Company coke, whereas 3L-11 and ¥C
contain Continental cokes.

GETR HigE_Temngathre Irradiations. The iwo graphite irradiation expari-
ments in the GETR, H-1 and H-2, have received little exposure since toe
end of Cycle 5 on September 23. Due %o problems with other expsriments,
the startup for Cycle 6 was delayed two weeks. (bnsequently, the irrad-
iation received during this cycle will be only about 1/2 of that received
during Cycle 5. The thermocouples in H-1 operated satisfactorily during
~all of Cycle 5, but those in H-2 begen to drift downwards the last lew
days of the cycle.

Results from & three-group calculation of flux and spectra in the E-5

and E-7 GETR positions are being checked in view of certain inconsistencies
in the derived spectra. On the basis of MIR data from the GEH-19 and
GEH-9 experiments, the ratlo of rescnance to fast flux in the 3ETR

appears extremely low. The GETR ratios, if correct, take the E-5 and

E-7 exposures out of the region of past experience and greatly increase
the problem of convertibility ta equivalent HAPO exposure.

Hanford Cold Test Hole Irradiatioms. draphite samples {CSF) irradiated
“at 30 C were recently discharged from a Hanford cold test hole with
accumulated exposures up to 11,062 MWD/AT. Even after this long exposure,
samples of CSF graphite continue to show expansicn in the transverse
direction at a rate 0.26%/1000 MWD/AT. A decrease in the expansion rate
was observed at an exposure of about 5000 MWD/AT; hawever, the rate is
apparently constant from 5000 to 11,000 MWD/AT. Similar changes in the
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contraction rates of‘parallel gamples have occurred. The contraction rate
between 5000 and 11,000 MWD/AT is O.C8%/1000 MWD/AT. Maximum total length
changes observed were 5.43% expansion and 1.29% contraction.

Low Exposure Graphite Irradiations. Property measurements have been re-
ceived on the low-temperaturs, short-term exposure of high density
graphites in the Smout II facility in KE Reactor. The graphite %types
were: (a) Type ATJ, an extremely fine-grained material with density

about 1.75, (b) Type $-4 material with a graphite-black base and a density
about 1.8, {c) Impregnated ATJ, density about 1.85, ATJ-82, (4, Impreg-
nated S-4, density about 1.90, $-L4-82, (e} Type $-1, similar to S-4 except
for all-flour mix.

Flexural and compressional strength tests showed increases of 60% for the
flexural strength and 40% for the compressional strength after an exposure
of 27.7 MHD/AT. There was no significant difference among the grades in
the effect of radiation damage although the initial values of flexural
strength varied from 4050 psi for 8-1 to 7313 psi for ATS-82.

The thermal conductivity results also showed no significan*t differences

of effect of the radiation damage on the thermal conductiviiy for tne
various grades although the initial values varied from Q.84 to 1.3 watt/em
K. Likewise, the porosimetry results do not show any large effects due o
radiation, although there was a tendency for the peak below one micren 1o
shift to decreasing pore radius in ATJ-82 graphite.

Compressive Strengths of NPR Candidate Zraphite. Ultimate compressive
strengths have been determined for the graphites being tested as NFR
candidates. ‘he graphites produced from needle cokes {considered to e
prime NPR candidates because it is expected thas they will be the mcst
dimensionally stable under high temperature irradiation; pave shown com-
pressive strengths as much as 37 percent lower than BF type graphites
used previously in some Hanford reactors. A minimum streng=h of 3460 psi
was observed. However, the samples availavle for strength testing wers
fabricated with somewhat larger perticle sizes than 1t is expected will
be specified for the NPR, and hence the effects of particle size on
strength will be determined as samples become available.

Samples cut from the edge of a bar did not show appreciably different
ultimate strengths than those cut from the center. Normally, samples

for strength determinations in the direction <transverse to the extru-
sion axls of a graphite bar are taken across or immediately adjacent to
the center of the bar. In the NPR, tube blocks and cocled filler bhlocks
are being utilized as support members placing the load on graphite nearer
the outside surfece of the bar where the degree of corientation is known
to be higher than at the center. In graphites with smaller particle size
mixes this difference in degree of orientaticn is greater, and, conse-
quently, the effect on compressive strength will be further investigated.
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Thermal Hydraulics Studies

K I&E Boiling Curves. Steady state bolling curves were obtained experi-
mentally for K Reactor I&E geometry at tube powers of 500, 1000C, 15C0,

and 2000 KW. These represent the first Doiling curves obtained with a
test section of prototypical K Reactor length {28.5-ft long heated section)
and the first belling curves obtained under a present Hanford reactor
geometry at tube powers above 1250 KW. All the curves except the one at
2000 KW were extended to flows at which wolling burnout started.

When normalized for comparison purposes, these boiling curves differed

but little from those previously obtained with a short {23.5-f% long)

test section at camparable tube powers. Critical flow in the rear fittings
caused a high degree of pressurization at tube powers above 1000 KW.

Reverse Flow Studies, Full Length K I&E Gecmetry. If a front connector
should fail, the only coolant avallable to remove the post-scram heat
generation 1is that provided by the reverse flow of hot water forced back
through the tube by the low rear header pressures. In order to gain
further insight into the possibility of inadequate cooling under these
conditions, experimental steedy state reverse flow runs were made using
a full length K I&E test section which provided discharge through the
front fittings to atmosphere. Experimental runs vere made with rear
header water temperatures from 20 to 100 €, flows from 1/4 to 4 gpm, tube
powers of 25 to 500 KW, and were continued well into the £1lm boiling
reglon. These data will be used in planning and interpreting the resul+s
of transient heat transfer experiments investigating the consegquences cf
the loss of a front hydraullc connector.

Miscellanecus. One experimental run was made in the high pressurs heat
transfer apparatus with a heater rod specilally designed to investigate L/D
effects on boiling burnout. The heat flux in the last two feet of the
test sectlon was 30 percent greater than that for the rest cof the rod.

If the supposition that length or L/D has no effect on holiling burnout,
then the heating history of the coclant prior to its entering the burnout
region does not affect the burnout heat flux and a test section with a
stepped heat generation should exhibit the same burnout heat flux as cne
with a constant lengthwise heat generaticn. The experimental results

from the gne run indicated no L/D effect. With a mass flow rate of

1.37 x 10 1o/hr-ft2 and a steap quality of 29 percent by weight, o
burnout heat flux of 0.331 x 10° BTU/hr-ft< was obtained. This may be
compared with 2 burnout heat flux of 0.353 x 106 BTU/hr—ft2 obtained
under very nearly identical conditions with a test section with a constant
lengthwise heat generation.

Preliminary calculations have been completed and the I3M 70U computer
input has been prepared to calculate fuel element femperature deviatiorns
arising from bond defects.

DECLASSIHED
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Equipment Projects. Vendor representatives have made further adjustments
to the silicon rectifying equipment (Froject {G-661) which was installed
in 189-D to provide additional heat genersting capacity in the heat
transfer laboratory. Theilr conclusion was that a 1.2-second response time
for a power change to 1 percent of an initiasl power of 2700 KW was the
best the equipment could do. This may be compared with the one second

the design specifications require for such a power reduction. The effect
of this slightly long response time on thermal hydraulics heat transfer
experimental programs 1s being evaluated.

The power output from the silicon rectifying equipment has a greater AC
ripple than was expected. Project representatives are investigating
means of minimizing the ripple or, as an alternate; reducing the effact
this ripple has been found to have on thermocouple behavior.

It appesrs that delays in the delivery of scme equipment items may delay
the start of construction on the first phase, the steady state phase, of
Project CGH-834. This project will modify the High Pressure Heat TransTer
Apparatus for higher flow and heat generating capacities and will allow
transient type experiments to be performed at high pressures.

Previcus tests have shown that for the 0 reactor geometry durirg pre-
charging operations, no coolant would flow past the fuel elements when
both front and rear nozzle caps were removed. This raises the gquestion
whether steam would be formed in the tube, and, if it were, would the
steam generation be sufficiently vigorous to eject fuel elements ou% zhe
front nozzle. Approximate celculations were made whicn show that if “he
post-~scram heating were 15 KW, steam formation would start after about
70 seconds and would not be violent enough to eject fuel elemen<s.

Shielding Studies

Neutron and Gamma Attenustion. The as-cured perforated ferrophosphcrus
concrete test slabs were removed from the shield facllity at DR and
placed in the oven for beking at 320 C. The gamma leskage through 48
inches of perforated ferrophosphorus concrete increased by a factor of
ten compared to a solid shield of ferrophosphorus concrete tested under
the same conditions. The folls from the as-cured test are being counted.
The iron-serpentine concrete (265 1b/ft3) was placed in the shielding
facility for irradiation, after being baked at 100 C. A sample of ser-
pentine sand was irradiated in a gamms fileld of 5 x 100 r/hr for 90 hours.
This dose had no apparent effect cn the abllity of the serpentine to
retain its water of crystallization.

Counting of foils from the second loading of the NFR toron steel thermal
shield test assembly is under way. During the next avallable reactor
shutdown period, the third loading will be removed, and the fourth and
final loading will be charged.

Shielding Instruments. The sluminum shell ion chambers, designed for
shielding messurements, have been successfully calibrated for dose rates
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frem 8.0 to 80,000 R/hr. A transistor preamplifier has ‘been buili for use
with the neutron dosimeter, and an initial installation is now in use at
the DR Remector shielding facility.

B. WEAPCNS - 3000 PROGRAM

Research and development in the fileld of plutonium metallurgy continued in
support of the Hanford 234-5 Building Cperations and weapons development
programs of the University of California Radiation Laboratory (Project Whitney).
Detalls of these actlvities are reported separately via distrivution lists
appropriate to weapons development work.

C. REACTOR DEVELOPMENT - 4000 PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Flutonium Fuels Development

Basic Studies. A study has been initiated on the time-temperature rela-
tionships for homogeneous solid solution formation in the system UOp-PuOp.
Single phase formation at elevated temperature mey be viewed as a diffusion
of UQy into Pul, particles to form a Pulp-rich solid solution, and a
simuitaneously cccurring diffusion of PuOz into a UOp matrix to form a I0o-
rich solid solution. With increased times and temperatures, the concen-
tration gradients of this series of solid solutions should decrease until
the equilibrium concentration and structure is obtained. One technique

of actually following the transition to the single phase is by x-ray 4if-
fraction. An x-ray spectrometer trace, obtained with CuK R radiation,

on & U0p-60 w/o PuOp physical mixture, resulted in two closely spaced

sets of planes for each Bragg reflection. To follow the structural changes,
pellets of this composition were held for one hour at temperatures in the
interval 1100-1500 C. The resulting diffraction patterns showed a slight
broadening and anguisr shift toward one another, of each UQs and Pulalh k L}
The merging of the reflectlons Increased with temperature and after one '
hour at 1500 C, a single, but broad peak was seen for each plane from {111)
through {311), indicating nearly complete formation of the solid solution.
The interplane spacings calculated from the patterns and plotted versus
temperature showed for the (111) plane, a near linear decrease for UO» and
an increase for PuOp. The two curves intersected at 1500 C. The inter-
plane spacing at this point was 3.157 & compared to the theoretical "d" of
3.136 R, and indicates that complete homogeneity does not quite exist.
Diffraction date from samples whlch were held eight hours at temperature
are now being obtained. '

The therhal expansion cbefficient for Pulp reported last month has been
corrected through a recadlibratibn of the dilatoemeter for the 110 C/hr6
heating rate employed. The corrected expansion, them, is 11.53 x 107° in/
in/°C for the temperature intervel 237 to 928 C. The coefficient of
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expansion of uranium dioxide, gf oL percert of theoretizal density, has
been determined as 10.11 x 10°° in/in/®C in the interval $3-755 C. This
agrees closely with accepted values. A redetermina“ion of both compounds
will ve made during the next month utilizing slower heating rates.

Fuel Evaluation. The three-foov long, 19-rod protetype A1-Pu alioy .
cluster has completed five operating days at full power and temperature
in the ETR 6x9 loop. It operated at a maximum power of about 13 kw/f%
of rod and core temperatures in excess of 4CO C, which is “he maximum
expected in the PRTR. The coclant temperature across the element in-
creased 39 F in sgreement with calculated values. A41-Pu 3-rod cluster
experiments have been fabricated and are being assemblsd into the lcop
basket assembly prior t¢ shiprment. One element is swage sized cntc a
graphite lubricated core and the other was fabricated by simply slipping
a logse fitting core inteo the clad tube. Fabricaticn on twe additional
prototype T-rod clusters for irradiation testing in the ETR 3x3 loop has
cammenced. {ne will contailn pellets of U0p-PuCp fuel materisl, and *he
other will contain Al-Pu cores for in-resctor thermal cycling tests.

The T-rod, A1-1.8 w/o Pu alioy, PRIR prototype c¢lusher is undergoing
continued irradiation in XKER Loop 1.

A total of 24 UOp-Pulp capsule irradiations are in progress; two were
discharged with an exposure of 4.4 x 10°Y nvt and are being exaxined,

12 are under irradistion, and 10 are scheduled Zor early charging %o

the MTR. Testing of 16 Al-Pu and Al-Si-Pu capsules contairing plutcnium
concentrations up to 20 w/o Pu is under way. Six are being examined,

eight were discharged during the month, and two are s3ill under irradia<:ioco.

Fabrication Studies. Five Al-Pu alloys have good corrcsion resisTance in
350 € static water for 24 hours. Thuree alloys contain two <o three and
one-half percent nickel, the fourth con%ains 11 percent silicon, and tng
fifth contains one percent nickel and one percent silicon, ince both
nickel and silicon are in some degree objecticrnable, tne latfer alloy with
lower nickel and silicon was selected to replace the straight Al-1.8 /o
Pu alloy as the PRP spike fuel material. However, in fabricating +*ne
alloy for the PRP loading non-uniform corrosion results were obtained
which have led to an adjustment of the alloy compositicn, closer 2cntrol
over casting conditions, and an explcration of the castirg varisbles.

The composition of the controlled elemen*s in the alloy :s 1.2-1.4% w/o ¥i,
0.9-1.1 w/o 51, and 1.8 w/o Pu. At this compositicn, extruded rods from
the first two or three billets cast. from a melt have good corrosion re-
sistance after 24 hours exposure to static demireralized water at 350 O,
while rods from the remainder of six billets have pbocr corrosion re-
sistance. Opectrochemical analysis detected no composition difference
between the first and the last billet, bul metallcgraphy showed differ-
ences in structure between extruded reod from the first and last billets
of a melt. The rod from *he first billet had s smaller grain size and

a smaller and more uniformly distributed second phase. The rod from *he
last billet had a grain size twice as large as the first, and the second
phase was more coarse with large agglomerstions in some areas of the
sample. Since the first billets are cast into warm (ﬂv 100 ) molds,
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and the last billets are cast into hot (200-300 C) molds, the differences
in cooling rate may explaln the differences 1in alloy structure. In subse-
quent melts, casting temperatures, mold temperature, and slight ccmposi-
tion variations have been investigated in order to determine the proper
econditions for obtaitilng good corrosion resistance from the entirs melt.

The possibility that extrusion temperature might have an effect on the
corrosion resistance of the AL base 2 w/o Pu, 1 w/o 81, 1 w/oc Ni core
alloy was briefly investigated. Rods were extruded at 450, 50C, 550 2,
and corrosion tested. WNo variation in corrosion properties due to this
temperature variation was observed.

Extrusions of -100 and -200 mesh Al powder have been made 4o a nominal
0.500 diameter and approximate 100-inch lengths. The powders were cold
compacted to pellets 0.75-inch thick and one-inch diapeter. A mmber

of these pellets were placed in the 2.6 diameter extrusion container and
hot pressed at 23 tsi for one minute. Pressing and extrusion temperatures
were 550 0. Approximate theoretical densities and extremely fine surfaces
have been obtained by this method.

Approximately cme hundred and fifty rods were swaged to study *he effects
of swaging on can and cores. Changes in can length and diameter wele
measured. The changes in diametral and end clearances between can and
core were also determined. If accurate can and core measurements are
available, it appears that it 1s possible to control the average dismetral
clearance to plus or minus 3/4 mil and the ead gap to plus or minus 1/16
inch. The over-all rod length can be controllied to plus or minus 1/8 inek,
The outside can diameter may be held to plus or minus 1/2 ail if the ks
has regular dimensions before swaging.

A sample lot of Zirealoy-2 tubing, purchased for Jacketing material Ior
the PRTR, 1Q-¥od, AlL-Pu alloy fuel element clusters, is being extensively
investigated. Corrosion tests were conducted, and it is reported +that
all specimens met specificaticns.

Metallographic samples are currently bveing examined and cursory 1aspection
of twenty tube specimens indicated that two tubes cut of three have cracks
or defects on the inner surface vwhich are over 0.003 inch in depth.
Arrapgements have been made and necessary fixtures are being prepared in
order to ultrasonically measure tube wall thickness and locate and measure
tube wall defects. In addition, standards are being fabricated %c aid in
setting up a nondestructive testing device to measure the core-clad gab
on' Zircaloy-clad, Al-Pu alloy fuel rods.

A metallographic examination has been conducted to determine the cause
of failure of the thermally cycled stainless steel clad rods. These
three-foot long, Al rods were clad with 0.008 inch 304 stainless steel
tubing which showed severe cracking after 27 cycles. The examination
showed that the cracking was due to stress corrosion which may have been
accentuated by the fact that no end clearance was provided for longi-
tudinal differential thermal expansion between the cores and cans. Addi-
tionel specimens are being prepared with end clearance for thermal
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expansion and precautions will be taken to assure that the chioride
content of the autoclave water is low.

Fuel Evaluation. The fuel fabrication effort is currently directed
toward the fabrication of the first ften clusters for the PRIR loading.
Due to equipment availability, the fabrication is teing performed in
both the 231Z and 308 Buildings.

Machined tubing ls being dimensionally inspected, eddy current tested

for defects, and ultrasonically inspected for wall thickness. A steam
cleaning technique for tubes has been developed which works very well.
A total of about 60 percent of the as-received tubes is being rejected
as a result of various inspections.

Alloy core maeterials which are more resistent %o atitack by high
temperature water than AL-Pu are belng prepared. It has teen decided
that the cores will be an alloy which contains Al-1.3 w/o Ni-1 w/o 8i-
and 1.8 w/o Pu. The corrosion resistance of this material appears to
be very good in 350 C water. Enough cores of Al-1.8 w/o Pu have be=n
prepared for eeven or eight clusters; however, *this material has been
set aside and the corrcsion resistant slloy will be used. Corrosinn
reslstant cores for one cluster have been prepared.

Forty-nine dummy rods and 28 Al-Pu rods have been processed through
the swege sizing coperation. The cores were all coated with dag and
the 0D of the tubes was reduced two to three mils. These elements

had adequate end clearance, and the over-all length was con*rolled to
t 1/8 inch on an eight-foot length. A dummy 2luster will be assembled
for thermal cycling tests. The autoelaves in 308 will have to be pusn
into cperation before the Al-Pu clus*ter carn be completed. The sand-
blasting, etehing, wire wrapping, and leak checking facilities are in
operaticn in the Pilot Plant.

Plutonium Elements for PCTR Tests. In anticipaticn of recelving 1.2 kg
of high burnup Pu (20% Pu-240), preparations have beer made to fabricate
a PCTR loading from this material. Semi-portable shielding has been
designed on the basis of calculated activities. Several pieces of equip-
ment have been designed and built to minjmize close ccntact with the
metal. It is planned to effect most of the operations at a minimum
distance of ten inches. Using 30-mil leaded hood gloves, this distance
should reduce the hard gamma dose rate to around 20 mr/hr. The specific
activity of the material will be monitored as a function of time. This
will allow an evalusation of the activity build-up from Fu daughters.

The additional fifty, 24-inch, critical mass elements have been completed
and delivered to the critical mass studlies group. These elements are
extruded Al-Pu alloy rods clad in Zircaloy.
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Qo Fuel Development

Fuel Rlements. Faster welding of the circumferential closure cf fuel
rods has been achieved by using a micrometer-adjustable, welding torch
holder in the vacuum purged welding chamber. The torch is positioned
for the first weld and maintained in welding position for all twenty
welds, with eesch fuél rod being pulled successively into position under
the toreh. The welding sequence of positioning the fuel rods and makin
the welds requires approximetely twenty minutes for the twenty fuel rods.

The design of the PRTR fuel element end caps has been modified to provide
a continuous one degree taper on the portion of the end cap that is in-
serted in the fuel rod. Improved welds are cbtained with these because
welding current control is not &s critical, and excellent penetration is
cbtained. Rewelds are expected to be reduced to less than 0.25 perceat
ag a result of these improvements.

Radiographic inspeetion of 336 fuel rods disclosed insufficient weld
penetration in 15 welds. It is anticipated that the rejects will be
salvaged by rewelding. Steps have been taken to Improve the welding
yield. Five of the unsatisfactory welds were made on the same end of
the fuel rod of one day's welding, indicating the occurrence of a vari-
ation in the welding cycle. The welding cycle and component prepara®tion
steps are being carefully reviewved.

Ten complete sets of fuel element hangers were welded, and subassemblies
for the next ten sets were fabricated. The desired black coxide autoclave
finish has been obtained as a result of improved etching and autoclaving
procedures. Persistent rinsing and brushing is required to remove all
the etching solution from the many crevice areés.

Two methods of increasing the UO2 density in PRTR fuel rods before

swaging were evaluated: (l) vibrating the loaded tubes on the high-
frequency vibrator, and (2) adding UOp in the form of fine particles {-200
mesh). Each method increased the initial UOp density, but the additicon
of fine particles has the following advantages: (1) a more uniform,
possibly higher UOp density in the swaged rod, {2) use of some of the
previously rejected UOp powder ("fines”), and (3} faster operation. Al}
of the PRTR fuel rods are now being loaded with UQp powder consisting

of the following particle size ranges: Gl w/o of (-20 +100) mesi and

9 w/o of (-200) mesh.

The first 500 pounds of a 6000-pound order of arc-fused UQz purchased
from the Spencer Chemical Company was received. Preliminary evaluation
indicates that the material meets our rigid specificatlons for purity
and density; if so, this smounts to a significant breakthrough in the
preparation of fuel element core material. The UOz will be fabricated
into both swaged and vibrationally compacted PRTR fuel rods.

Sufficient UQp for 27 PRTR fuel elements was sintered and crushed to
20-100 mesh size. The availability of Mallinckrodt "micronized” U02
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powder and uninterrupted usage of both the 3CC-ton Xux press and the
Pacific Scientific sintering furnace made it possitle to produce as
much of this material this month es in the preceding four months. If
arc-fused UQp of the desired quality continues to ve available, 1%
will be used essentially exclusively for future PRTR fuel elements,

Fabrication Development. Three fuel assemblies of the 1%-rod geomeiry
are being fabricated by vibrational compacticn. Size fractions used
for these assemblies are -6 20, -30 +60, and -200.

Vibrational compacticn is being used o assemble & 7-rod cluster, three
feet long for irradiation in the ETR. The fuel element is composed of
fused UOp, vibrated into Zircaloy-2 tubes 0.57" OD. A G-rod fuel elereznt,
three feet long, is being fabricated by vibrational compaction for ir-
radiation in the VBWR. The cores consist of three particle size fractiocns,
the coarse and medium fractions containing 2.26 percent enriched, sintered
U0o. The fines will consist of a mixture of 2.26 and 10 percent =2nriched
sintered oxide to make an average enrichment of 2 w/a.

Coupling devices for the vibra%tor have been fabricated which permit
vibration of single PRTR tubes, with or without end caps welded in place.
A table is being fabricated which will allow vibrational compaction of
one to 19 PRTR rods with one end cap in each for ltimate capability
studies of the two kilowatt vibration system. .

Equations predicting the maximum attainable densi*y by vibrational com-
paction, using three discrate powder size fractions, have beern derived.
"These equations are based on the theoretical model which assumes infinite
diameter ratios between successively smallsr parvicle sizes and are usefuil
primarily for predicticn of the relative amounts of each size fraction ¢
be used to attain maximum density. The compacted density of each indiv-
idual size fraction to be used in a three-component system constitutes
sufficient data to solve these egquations for meximum theoretical density
and the composition at which it occurs.

Preliminary data indicate that internal surface cladding defects in
swaged UOp fuel rods can be detected with an immersiocn-type ultrasonic
tester. "Standard” internal surface defects, 0.002 inch and 0.00% inch
deep, in a UOo filled Zircaloy-2 tube were readily detected. Routine
ultrasonic testing of swaged PRTR fuel rods is under way.

Ultrasonic testing of the first batch of Zircaloy-2 tubes fabricated per
specifications in HW-61112, Rev. 1, is complete. The following results
were obtained:

Total tudbes received 59
Tubes rejected at defect depth of 0.002 inch 12
Tubes rejected at defect depth of C.CO4 inch 3

A1l ultrasonically detected defects sectioned and examined to date are
short cracks or tears. Other defects which were not detected
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ultrasonically were noted during visual inspection of the internal surfaces
of several tube sections. These defects appear £o be surface inclusions of
Fe-Cu and are less than 0.002" deep.

Fuel Evaluation. Three different types of sintered UOs fuel cores were
fabricated for chemical processing studies by Chemical Engineering De-
velopment Operation. Approximately 300 pounds each of three-inch diameter
by one-ineh thick tablets, half-inch diameter by one-inch long pellets,
and irregularly shaped, crushed UOp, were prepared.

Dramatic differences in the irradiation behavior of fuel rods ccontaining a
helium atmosphere and fuel rods sealed in a vzcuum have been detected.

The fuel assembly was irradiated in the MTR for forty-five days at & maxi-
mum heat flux of 325,000 BTU/hr-f+2. The four rods of the assembly con-
tained arc-fused UOp, vibrationally compacited to 77 percent of the theor-
etical density. Three rods were welded in helium, and the fourth rod was
welded in a vacuum. The UOp in the rods containing helium remained un-
sintered, with little apparent physical change during irradiation. The
U0z in the rod without & helium atmosphere formed a central void with
columnar grains and grain growth occurring across approximately one-third
of the fuel diameter. This clear-cut difference demonstrated the impor-
tance of a highly conductive continuous phase {in this instance, the
helium) in increasing the effective thermal conductivity of UGy fuel
elements. Consideration will be given to filling the PRTR fuel rods

with helium before swaging to insure a continuous helium phase. Examin-
ation of the irradiated fuel assembly is being continued.

A fuel element composed of four swaged Zircaloy-clad U0, rods is being
irradiated at 300,000 to 350,000 BTU/hr-ft2 in the MTR. The Zircaloy-2
clad element will be irradiated to 3000 MWD/T.

Swaged UOp capsules have attained an estimated maximum exposure of
11,00C MWD/T during irradistion in MTR and ETR. No failures of these
capsules or any other swaged fuel elements have occurred.

Basic Studies. Differences were observed between the high temperature
crystal growth characteristics of UOp and UOp containing 0.4 w/o NboOg
and 0.7 w/o Ti02: (1) the crystals formed from pure UOp at approximately
2700 C grew at rates up to three times as fast as in UO2 containing the
~dditives, (2) the additives in the UOg change the pattern of crystal
growth, forming crystals without "elean" erystal shapes and faces.

These results mey be significent in developing UCo fuel elements which
will operate at high core temperatures without excessive relocation of

the UC» or release of flssion gases.

Facilities. The order wads placed for the Magnetic Force Resistance Butt
Welder. This machine will produce end closures on fuel rods in 1/60 of

& second weld time, and closures on Zircaloy-2 cladding can be completed
without inert aimosphere protection.
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The semi-automatic 50-ton press was modified by a device which permits
automatic pressing of UOp pleces.

Corrosion Studiss

Zircaloy Etching, Allowable Transfer Time Betweer Baths. It is known that
excessively long transfer times between the etch bath and the stop baih
will cause acid staining on the Zircaloy-2 surfaces during autcclaving.

In an attempt to determine the allowable meximum transfer time betwesr *he
pickling bath and the stop bath, conirclied tests were ccnducted using
eight-foot long PRTR UOo core fuel rods. The following pickling procedure

was used:
1. Standard HNO3-HF etch (28 to 3% C).
2. Varying transfer times from 5 to 120 seconds.
3. Aluminum nitrate stop bath.
4. Hot {50 C) tap water rinse.
5. Deionized water rinse.

The fuel rods were then autoclave-tested for 72 nours in BQO C steam at
1500 psi, using a cold wet startup precedure.

After sutoclaving, inspection of sixteen fuel rcds showed general white
staining on the rods with transfer times greater than 3C seccnds. The
results clearly indicated that the meximum allowable transfer time for
the PRTR fuel elements 1s less than 30 seconds when the etch bath torpera-
ture 1s between 28 and 34 C.

Allowable Zirconium Concentration In the Etch Bath. Several controll=sd
tests were conducted to determine the effect of zirconium ccacentration
in the etch bath on the acid-staining of PRIR Ula core Tuel rods. The
standard etch procedure was employed, with transfer “imes cf 15 sz2conds
or less between the etch bath and +the stop bath. A sample cof the et2h
solution was then +taken and analyzed for zirconium. The rods weres then
autoclaved for 72 hours in 400 T steam at 1500 psi, using a ocld wet
startup procedure. The results irdicate that zirccnium concentraticns
equal to or greater than approximately 3C grams per liter will cause acid
staining on the PRTR fuel rods even though the allowable transfer time
between the etch bath and the stop bath is not exceeded.

High-Purity Aluminum Alloys. Alumimum alloys fabricated using a high
purity (99.995%) aluminum bage materisl continue to show extremely good
corrogion results in 360 C refreshed water autoclave %es*s. Alloys of
this type from ANL, Alcosa, and HAPO are in test, and all shew corr 3ieon
penetraticns proceeding by & faverable logaritimic rate or lover. Excel-
lent distriwution of the second phase material seems %o be obtained wivw
ease in these alloys. The alloy composition of 1.5% nickel and 1.5%

iron has shown the lowest corrosicn to date,
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Corrosion in Low pH Water. Corrosion data at pH 4.5 {adjusted with H3P0u)
and 300 C have been evaluated., The corrosion of X-8001 alupinum was found
to be independent of velocity from 23 to 35 fps on all coupons except those
imrediately upstream. These upstream coupons were found to exhibit some
Impingement effects reflected in a higher corrosion psnetration. At L725
hours, normal penetration was about 0.24 mil; upstream coupons at 23 fps
showed no impingement effects, upstream coupons at 28 fps had average
penetrations of 0.49 mil. In addition, higher corrosion was noticed on
replacement samples at 28 and 35 fps. Following the initial higher rate
corrosion period, the nommel corrosion rate of X-8001 at 300 €, in pH k.5
HaPOy weas found to be 0.06 mil/month frem 23 to 35 fps. This agrees with
a rate of 0.06 mil/month previously obtained from 23 fps data. Pre-
exposure of coupons in the autoclave for 157 and 318 hours had no effect
on lowering dynamic corrosion rates in the pH 4.5 test. A second test was
started studying X-8001 corrosion in pH 4.5 HNO4. Sensitized and non-
sensitized Type 30b stainless steel is a&lso belRg tested. Velocities from
21 to 64 fps are being investigated. Visual examination of X-8001 coupons
discharged after 312 hours suggests less inhibition in the HNCg systen
compared with the H3P0h system. The corrosion product appears less pro-
tective than previous pH 4.5 studies using H4qPO,. The 6 fps coupons
appear in good condition except for severe egge attack on the coupon

« immediately upstream. The test 1s scheduled for another 10 weeks of ex-

posure.

PRTR Plant Corrosion Study. Analysis of the varicus PRIR water systems
has revealed several potential corrosion problems. Several desirabdle
locations were specified for insertion of corrosion menitoring probes.”
Locations of the more likely potential corrosion problems are:

1. Crevices between the shroud tubes and the calandria.
Potential pitting of the aluminum might occcur in oxygenazed
Do0 and decxygenation ¢f ~he Dp0 is suggested %o prevent
corrcslon.

2. Shim rod bearings. Since the shim rods may not be moved
very often, slight corrosion could "freeze” the bearings.
Deoxygenation would help prevent this, and frequent
"exercise" of the bearings would also be desirable.

3. Decontamination of the system. '"Dead"” spots in the system
should be avolded, and provision should be made for draining
of the solutions and adequate flushing (rinsing)} of the
entire system being decontaminated.

Structural Materials Development

PRTR Zirealoy Process Tubes. The ultrasonic, fluorescent dye penetrani
and radiographic testing and inspection of the PRTR process tubes prior
to pickling and autocleving are 95 percent complete. Eighty-two of the
97 tubes have passed these tests and are considered to be of sound

structural integrity. Pits have been found in four tubes and & seam in
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a fifth tube. The seriousness of these indicaticns has not been estab-
lished. Examination of the remsining 10 tubes will be campleted by the
end of October.

Eighty-two tubes have been pickled and autoclaved. Staining is being
encountered to a minor extent on the outer surface and in varying degrees -
on the inner surface. BStaining on the inside surface may be severe enough
in approximately 10 to 20 of the tubes to mask, if present, indiczaticns of
corrosion-prone metal. Reprocessing of these 10 to 20 tubes would entail
removal of the oxide film by vepor blasting, re-pickling, and re-autoclav-
ing.

Approximately 50 percent of the tubes have bowed out of specifications
during autoclaving, and present plans are to press-straighten them by a
procedure similar ta that which was used by the fabricator.

Radicmetalilurgy Laboratory Studies

Metallographic examination of a sample from a Zircaloy-2 clad, sintered 0o,
four-rod cluster showed a uniform grain size. A replica was obtained for
electron microscopy studies (RM-270). Metallographic procedures have bveen

- ' established for the alloys of Al-Pu and AL-3{-Pu (RM-652). The results
and conclusions from this work will be reported in conrection with *the
respective development programs of Ceramic Fuels, Plutonium Metallurgy and
Physical Metallurgy Operations.

Thermal Hydraulic Studies

Sub-Cooled Burnout Experiments Associated with *he PRTR. Sever additional
burnout points were obtained under simulated Mark II conditicns. Thase

were obtalned with flow bpetween two heated surfaces with a normal C 157-
ineh annulus.

Two of these were with concentric placement of the innsr surface within

the cuter. The data obtained are consistent with Burnout points ortained

in the past and the reproducibility lends confidence tg the experimental _
approach. The burncut heat fluxes were gbout 1.5 x 10° and ©.8k5 x 1C° 37U/
hr-ft2 for conditions of 5 F subcoo%ing at 2. 2 X lO6IUhr £+ f2cw and 2C per-
cent by weight quality and 1.1 x 10° 1b/hr- fte flow, respectively. These
two sets of conditions represent cases of a pewer surge at normel flow and

a flow reduction at normal power in the Mark IT fuel element,

The other five points were made with the inner surface having a 50 percent
eccentricity with respect to the outer. The data check reasonably with
previcus data obtained with a similar test section. In particular, a SC
percent eccentricity of the inner and outer surfaces results in abont a
L0 percent decrease in burnout heat flux.

Some unexpected results were found in these eccentrie studies, however.

With a mags flow rate of 1.1 x 10 1b/hr-rt2, burnout heat fluxes of
0.85 x 10° and 0.8 x 10 BTU/hr-ft2 were obtained for conditions of
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10 percent gquality and 5 F subcocling, respectively. Also, at 2.2 x 106 1b/
hr-ft2 mass flow rate, burncut heat fluxes of C.GQ1 x 106 and 0.90 x 10% BTG/
hr-ft% were obtained for conditions of 3.6 percent quality and 5 F sub-
cooling, respectively. This is contrary to what would intuitively bte ex-
pected and to accepted methods of calculetion which indiceste that decreasing
quality and/or ineressing subcooling should inerease the burnout heat flux.
Further experimental work 1s necessary and is planned to rectify these
apparently ancmalous results.

Miscellanecus. Repair of the PRTR Mark I full-scale model has been completed
and that of the PRTR Mark II is 90 percent complete,

The pressure drop around the PRIR primary coolant loop was re-evaluated,
incorporating experimental data now available. The calewlations show that
about 50 psi pressure head will have to be dissipated in an inlet orifice.

PRTR Project Management and Design

Over-all PRIR Contract. The over-all PRTR contract is 49.4% complete versus
a scheduled 56% based on the official PRTR schedule.

Phase IJI PRTR Contract. The Phase III PRTR contract is approximately 32p
camplete with a completion date of April 7, 1960.. The contractor has re-
quested an additional 6C days extension in his contract time due to the late
delivery of Commission furnished meterials. A piece-by-piece evaluaticon of
how equipment delivery has affected the contractor's schedule is “eing zade.
Freliminary evaluation indicates that the additional time is not warranted.

The contractor continues erection of the biological shield immer and outer
liners and forms for the fuel examination facility heavy aggregate concrete
shield. The heavy aggregate concrete subcontractor has set up his plant at
tha site and mimned tect ecvlinders. Tt aouears that asgregate vlacing and
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PRTR Stack Addition. The contvractor has execavated for the stack and per-
formed the scil bearing tests, which were satisfactory. The contractor
has submitted detailed plans and calculations for approval.

Service Building Extension. The design of the service bullding extensicn
is estimated to be 80% complete versus a scheduled 1CC%. ALL scheduled
drawings have been received for comment and ars currently being revised.

Design Testing

PR-1 Discharge Operation Mockup. Assembly of the fueling vehicle is ccomplete.
Operational checks of the various components were begun, and approximately
75 percent of the ccmponents were ready for acceptance *esiting.

PR-10 - Primary Loop Mockup. The primary process pump has operated approx-
imately 1200 hours during the present test run. The high pressure mech-
anical seal leakage started fluctuating afiter 1100 hours with rates as nigh
as one gallon per hour for short duraticns.

High speed recordings were obtained of pump flows and speeds while starting
and stopping the primary process pump at full and one-third speeds. The
prototype process pump's high pressure mechanicel seal failed on Oc=ober 20,
1955, after 906 hours of operation with leakage rates generally between
0.01 and 0.1 gallon per hour. Uneven weasring of the stationary carbon face
(0.036" difference) indicated cocking of the cover insert which holds zhis
face. Improper pressurizing procedure during the last pump startup probacly
caused the condition. The seat of the insert was chamfered on the cuter
diameter to prevent reoccurrence. Cperation was resumed on Qctober 23,

1959, and leakage rates are 0.0% to 0.1 gallon per hour after 100 hours.

PR-13 - Injection Pump Test. The final repcrt on the PRIR injection pumps,
HW-02407, was issued on October 16, 1959. The two pumps were delivered

to the Phase III contractor on September 3C, 1959. Plunger packing tes®s
will continue using the replacement pump which is identizal to the resactor
injection pumps with the exception of plunger dismeter of 12/16-irch instead
of 1-3/8 inch. @Q-P self-adjusting asbestos chevron packing failed to seat
properly in either pump. New packings from Raybestos Manhat*on, and Dura-
metallic have been ordered for tes*ing.

PR-40 - Shim Control Mockup. Modification was started on the second protc-
type assembly to make it conform to -“he vendor proposals. Notice to pro-
ceed was given to the vendor on October 12, 1953, for the 2L reactor
assemblies. ‘All prints except the assembly and parts listi were reviewed
at the vendor's plant. The aluminum extrusions and bearings have bheen
forwarded to the vendor.

PR-52 - Process Tube Thermel Cycling and Pressure Testing. The process tube
was operated 520 hours during the month with leakage rates from the high
pressure closures lower than during previcus runs. The fuel element was
removed for examination by Fuels Development personnel and was re-installed
for continued testing after bDeing found in excellent conditlon. '
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Pressure drop data were obtained at temperatures of 475 F and 500 F and
various flows. Results at 500 F and 130 gpm are:

Inlet piping (minus valve)

Process tube (with fuel elsment)
Orifice 1
OQutlet piping

-

rsi

11 F) O
IO On

An autoclaved and pickled Zr-2 process tube is being secured to replace
the present tube which will be examined for corrosion and other defeets,

The hold-down devices incorporating flat leaf-type springs with waves <o
absord the differentisl thermsl expansion have proved satisfactory. These
springs have held successfully for a 160-cycle period with approximately
2000 pounds on each hold-down providing a good gas seal. Springs of L13C
steel and Starrett ground stock have been used. A spring of Inconel "X"
has been fabricated and will be tested after heat treatment,

The cone-sixth resctor outlet face mockup was rebuilt in accordance with
the latest modifications and changes.

A heavy wall jumper (0.134" thickness) and heavier pipe (1-1/2" Schedule L40)
have been installied on the flex tester. There was no evidence of leakazs
probvlems at full pressure and temperature.

Special Tools. Testing of the nozzle-to-Jjumper wrench for hex nuts was
resumed after reassembly of the cutlet face mockur. Work on the wranch
for gesred nuts was discontinued.

The fuel element extractor bid package has vpeen completed and an estirate
of $17,000 made for fabrication. No action will be taken immediately.

PR-64 - Ges Sampling Technique. Preliminary testing indicated satisfactory
separation. of helium from the water but insufficient gas pressure to proviie
flow through a2 rotameter. New gas separator designs are being fabricaied

for testing. Preliminary investigation has begun to determine if the mech-

anlcal portion of the Rupture Monitor System can be fabricated on-site at &
cost near the original estimate.

PR-T70 - Helium Compressor Test. The Hofer high pressure compressor has bger
operated about 250 hours during the mcnth with continued check valve and

oll compensating pump difficulties. The velve rebullt with Inconel had

poor wear registance and was removed after 10C hours of operation. Valves
of heat treated tool steel are now being fabricated. A purchase requisitlon
has been issued and bid requests sent to seversl manufacturers for vaives

to meet our service requirements. 011 pumps from Hofer were received during
the month and proved tc be unsatisfactory. Their design differed only in
the use of a hard insert sleeve in an attempt to improve wear resistance.
The search for an improved injection pump design has not as yet been suc-
cessful. The Corblin low pressure compressor operasted for more than 500
hours during the month. Twa check valve failures ané three dlaphragm failures
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resulted from bhroken valve particles and <he third pair from apparent metal
fatigue after 830 hours. This pair of diaphragms consisted of plant fab-
ricated 304-L SS sheet and vendor provided 226 SS sheet. Examinaticn of
these diaphragms did not reveal any significant differences in the condition
of the metals. Check valve failures were 416 stainless steel {250 Lours)
and carbon steel (350 hours); however, one L16 stainless steel disc is still
operating after over 1100 hours. X-ray and dye penetrant testing previcus
to operation had not revealed any flaws in the 416 S5 disc that failed.
Testing and evaluastion of materisls will continue.

The Mine Safety Appliance (ompany has propcsed an infrered analyzer unit
for detecting oil in the helium gas streams at a cost of $6000. The Model
20C Anslyzer, whose cost inecludes solenoid valves, recorder, regulators
and test ¢ylinders, appears to be the best solution now available for oil
detection.

PR-80 - Air Cooling Duct Test. Design of the small capacity duer is 90
percent complete, and fabrization has started.

IR In-Reactor Jas Loop. Design of the in-reactor section of the gas loop
is 50 percent complete. Prirts for comment were issued. A1l Hastelloy "X"s
Inconel, and Tconel "702" Tor the secticn is on order with delivery sched-
uled in eight to twelve weeks. A pew O-ring gaske* in the nozzle vas
tested at 1800 psi but failed on pressure cycling. The requisition for an
outlet connector was revised and given cne w2ek time extensicn. No ©ids
were received on the requisiticm for a pressure ccrpensating bellows
chamber. This requisition has been rewritten to include any prassure
compensated device to absorb thermal expansion in the piping system. Ths2
testing furnace has heen modified with calrod 2lements and has suczessiully
maintained 1500 F.

Super-Alloy Testing. Tests have been continued to determine best welding
and heat treating techniques for Hastellioy "X", Inconel and Inconel "7C2".
Good age hardening was found to be introduced by furnace ccoling foliowing
the solution treatment. One piece of Incorel "702" tubing has been insvalled
and tested for 216 hours at 5000 psi and 1150 7.

Leak Detecticn. Calibration of the water vapcr leak detection unit a%t room
temperature was completed. Work has hegun tc find the effect of alr ftem-
perature and room humidity on the calibration curve.

Boiler Tube Sheet Mockup. Full pressure operaticn of the two test boilers
began on Cctober &, 1999.

Silicone Foem Testing. Plans have been initiated to hulld and pressure
test four assemblies filled with silicone foam prototypical o ;lec:rical
and instrument duct penetrations cf the PRTR contairment vessel.

Process Instrumentation. The acceleration time from stands%ill to 1/3 full
speed (i.e., to the low operating speed) on one of the PRIR primary puzps

cperating in the 314 Building coolant loop was determined to be 2.4 £ 0.02
seconds. Full line voltage was used fo accelerate the motor and pump with
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the loop at about 1040 psig and a water temperature of 48C F.

The deceleration of this same pump and the flow decay characteristics cf
the loop were measured after loss of electrical power to the pump motor
under the typical operating conditions noted above. The recorded 2oolant
flow and pump deceleration characteristics are as follows:

Time RPM Flow
(in seconds after {in percent of {in percent of
power removed) full speed which full flow which
was 15800 RPM) was 4200 gpm at
480 F)
0 100 100
1 g2 g2
2 8h-1/2 82
S 65-1/2 €l
10 47 Ll
15 35 35
20 27 a7
30 16 15
Lo 8 11
o0 3 7
60 i-1/2 0

Data wvere simultaneously recorded on a high speed multichannel reccrder.
Differential pressure transducers at two points in the locp provided “iow
characteristics. A hend tachometer modified to drive an amplifier provided,

motor and pump speeds.

Two models of the second proctotype thermistor temperature proba for the
Fuel Examination Facility have been built, and both have been svacuated
to approximately one micron. In order to evaluate sensitivity and s*a-
bility, one model uses 100,000 ohm {at room temperature! thermistcrs
while the other uses 2000 ohm thermis*ors.

Automatic Controiler. Inspection and acceptance testing of the reacteor
control and reactor radiation monitoring system was found to perform ads-
quately during the functional tests. Additional functional testing of soms
of the more critical automatic control components is scheduled after +ie
equipment 1is received con site.

Design Analysis

Physics Analysis. Formulation of equations from which xernon taties may be
generated for the PRTR is nearly complete. OQeneral expressions for poison-
ing in regions of uniform fuel have been established. Because ¢f the small
core size much effort is being devoted to proper weighting of the local
poisoning. It is planned to utilize the IBM-T709 to generate the tables.
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Further work in support of loop design has been carried out. A study of
the heat generation and reactiviity worth of a proposed rupture loop design
was completed. It was determined that the required maximum specific power
could be obtained from an NPR fuel element enriched from 1.5 to 2%, depend-
ing on local flux values in PRTR.

An evaluation of the high pressure steam loop with respect to program ob-
Jectlves has been completed utilizing more recent design data. A report
covering this work is in preparation.

Physics assistance is continuing in cooperation with the CRMF desigr effort.
Details of the MTR-RMF design and methods of obtaining experimental results
were discussed with Phillips employees at the MIR site.

An IBM-T09 program is being written in FORTRAN to predict control rod
worths in a reflected reactor. Hand calculations for the PRIR rods have
veen completed, and it is hoped that the method empioyed may be verified
- by obtaining solutleons for rods of known worth in other reactors.

PRTR Shielding. Cadmium will be used for thermal neutron shielding of the
large penetrations of the PRTR bottom primary shield. Several methods of
obtaining a metal-to-metal bond of cadmium to aluminum were tested in
Minor Construction shops. All tests demonstrated that joining temperatures
would have to be too closely controlled for practical shop use. Therefore,
mechanical methods will be used to attach the 1/8-inch cadmium liners to
the aluminum cylinders.

Steam Loop Transient Analysis. A transient analysis on the proposed PRIR
steam loop is being performed on the IBM-709 computer in an effort to de-
termine whether standard flow control units can be utilized in maintaining
900 F outlet temperature and a temperature difference across the locp of
240 F during all periods of PRTR operaticn. The problem has been pro-
grammed in FORTRAN.

Gas Loop Transient Analysis. Transient temperature profiles for the COp
gas-cooled loop were calculated for shutdown and startup conditions at
15,000 1b/hr COos flow rates. These results indicate that the process
equipnment (Hx-l, HX-2, and electric heater) provided for the lcop will be
able to maintain the temperature increase or decrease rate of the ex-reactor
piping at the exit of the test section at 900 F/hr over & major portion of
the transients. :

Assuming a reactor scram from a loop operating level of 500 kw fuel ele-
ment power and 1500 F Do temperature, the calculations show that a decay
rate of 900 F/hr can be maintained after the temperature in the ex-reactor
piping has dropped to about 1100 ¥F. The maximum temperature decay rate,
occurring about 30 seconds after scram, was estimated to be 13,300 P/hr or
222 F/min. Startup transient calculations with reactor power increasing
at a rate of 20 MW/min indicated lower rates of temperature change then
for the scram case.
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Rupture Monitor. Bids on design and fabrication of the mechanicel and eiec-
tronic portions of the PRTR rupture monitor system were received durizg the
month. The mechanical system bids ranged from two to four times the fair
cost estimate of $30,000, and will probably ve rejected. The design portiorn
of the mechanical system will be performed on-site to permi* better defin-
ition of the requirements of the system. Most of the bids on the electronic
porticn were very close to the fair cost estimate. Selection testing of

the photomultiplier tubes to be used in the rupture monitor syster was begun.
A numter of the scintillation crystals received for the test were reiected
because of an inadequate hermetic seal.

Reactor and Process Piping. Detailed design of a standpipe attachment 0
the pressurizer was completed, and procurement acticon was initiated during
the month to obtain the necessary Inconel pipe and fittings. The purpcee
of the standpipe is to permit attachment of multiple level control and
alarm devices and to permit more variation of locaticus than would he
possible by use of existing nozzles on the pressurizer vesszl.

Detailed design of a back-up light water irjection system was started 4o
provide zdditional reactor safety.

Several sections of the Primary Piping Stress Analysis Con*tract DDR-79
were revised at the request of Electric Beat Division of Zenmeral Dyrazmics
Corporation to clarify intent and contractural o“llgafions of Teth parties.
Modiflcations included:

- 1l. Provision for stoppage of work by tne seliler in the event
expenses exceed the named amounts and until the contraci
is modified.

2. Provision for the seller to retain <cpizs of notes, drawings.
' and data furnished or developed bty the seller in the course
of work under the contract.

3. Type C patent agreement.

L. Provision for the seller to make and retain copies of
documents and drawings, other than those prepared by third
parties, which are furnished by the buyer.

The ocutlet nozzle vendor has been unsuccessful in repairing the nozzles,
and in the ccurse of repair has distorted them to the extent that they
cannot be reclaimed. The elbows and probably the caps will be reused,
tut new material is being procured for the tube and lower flange. The
manufacturing procedure will be revised to reduce distorticon prchlems arnd
make sufficient allowance for final machining. Delivery in late Jezember
is anticipated.

A design has heen prepared for incorporating pressure reducing orifices

in the inlet jumper flanges. The ekxisting flanges will be mcdified to
hold the removable orifices.
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Fuel Handler. The fuel handler is assembled, and some acceptance tests
were conducted during the month. Milnor adjustments and modifications
were required for proper functioning of the discharge hoist, tension
indicator, varisble speed drives, and certsin other motions. Alteration
of the skirt drive will be required to reduce vibration in one direction
of travel. Revision of the bridge position indicator drive will be re-
quired to reduce friction in gearing and shafts.

Fuel Element Exemination Pacility. The Mosler Safe Company has experienced
difficulties with ceracking of one of the top shielding blocks. The crack-
ing occurred at & thin secticn adjacent %¢ the loading port hols. The
block will be recast as a solid piece, and the hcles bored out rather <han
attempting to cast the blocks with the holes in place. Addizional detail
drawings which were submltted were approved.

The control console hids were openedf The low bid of approximately $3C00
was submitted by Panellit. The fair cost estimate was $750C.

Load-Out Cask. A low bid of $37,980 for the load-out cask was submitted
by Industrial Process Engineering. The fair cos*t estimste was $35,000.

PRTR Gas Loop (Project CAH-822). Approval data have been returned to
Struthers-wWells on essentlally all of the B Cell equipment. 4n addendim
to the order was issued during the month extending +the main lcop piping
to the inside of the lower support wall and the upper shielding wall.
Estimates for thls work have not been received.

Preliminary drawings of the in-reactor design have been circulated for
comment and are now 1ln process of revision. Long lesad zaterials for

the in-reactor section are now on order with the exception ¢of the 7op and
bottom connectors. Requilsitions have been submitted for these lasier items.

High Pressure Loop {Project CAH-841). The desigrn criweria fcr the zign
pressure loop have been circulated fcr approval.

PRP Cri%tical Facility (Project CAH-842). The preparation of vhe design
eriteria for the PRP Critical Facility has continued throughou* the report
pericd. Five of eight sectlicns have been written and reviewed, szd five
of the twenty-three scope drawings have been completed.

The building which will house the Critical Facility has been scoped and
will be given to CEC for inclusion in the Maintenance and Mock-Up Bullding
Addition. The building consists of a shielded 10 by 12 foot cell, 35 feet
deep surrounded by about 300 square feet of operating area located Justh
south of the PRTR Load-Qut Facility.

Fuel Element Rupture Test Facility (Project CAH-867). Funds have been
authorized for scoping and preliminary design of a fuel element rupture
test facility for the PRTR. Tentatively, the lcop will be of the "open”
type in which low temperature water 1s pumped through a regenerative heail
exchanger, a cooler, and finally, & pressure control valve. From the
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pressure control valve the effluent will flow through a cleanup system
toc & storage tank. This arrangement is advantageous in that;

1. System c¢perating temperatures and pressures can be readlly
controlled.

2. A rapid cool-down of the loop can be effected after a fuel
rupture oceurs.

3. Cireculating pumps can be of conventional centrifugal boiler
feed pump design.

. Conversion from a recirculation to single pass operation
can be accomplished during reactor operation.

Sefeguards Analyses. The rough draft of the PRIR Final Safeguards Report,
HW-61236, was reviewed by the PRTR Subcouncil of the GE Reactor Safeguards
Council and by the PRTR Stertup Council. This repert was also dlscussed
with personnel of the AEC Hazards Evaluation Branch in Washington, D. C.
Re-analyses and changes in the report have been made to incorporate the
comments of these groups. The report will be published early in November,

A proposed list of process specifications for PRTR has been issued for
comment .

Rough draft copies of the preliminary hazards report for the PRTR High
Pressure Loop were distributed for comment. Commernts received were in-
corporated, and the report, HW-62111, was submitted to Technical Publi-
cations. .

PRTR Startup Accident Analysis. Power and fuel temperature transients
were calculated, using an analogue computer, for a PRTR startup accident
further compounded by the charging of an excessive number of Fu-Al fuel
elements. The accident investigsted was one in which period trips fail
to scram the reactor, power level trips are set for the operating range
rather than the startup range, moderator level is ralsed at the maximum
possible rate, and shim rods are either removed prior to startup or are
removed at the maximum possible rate simultaneously with moderatcr in-
sertion.

For the Pu-Al loading it was pessimistically assumed that the maximum
number of such fuel elements which will be on hand at any time was charged
into the reactor. In order to put such a loading in the reactor it would
be necessary to use discharged fuel elements from the storage basin and ¢
obtain 811 fuel elements in the PFFP. Thus, the loading essumed for the
caleulations is more extreme than any which could result from accidental
mischarglng.

With such a loading the reactor would become critical when the moderator
level was below the flux chambers used in the power level trip circuit.
Consequently, the chamber readings would not be representative of the
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true power level. In making the calculaticns 1t was assumed that +he power
indicated by the flux chambers would be one-half the true reactor powver.
The caleulations indicated that the consequences of startup aceidents with
this type of loading {75 Pu-Al elements) wcould be less severs than for

similar accidents with a normal loading {up to 43 Pu-Al elemernts).

Plutonium Fabrication Pllot Flant

Phase III Construction. Completion of eaquipment instaliation under %he
Phase IT1 contract is estimated at 96%, compared with 100% scheduled.

Work on the oxide line proceeded slowly throughout the month because of
nondelivery of the sintering furnaces until nearly month's end. The
service representative of Clearing Machine Company was on site correcticg
minor errors in the electrical system of the hydraulic press.

Room 113, coataining the vepor degrease system, the ultrascnic decontam-
ination system and three utility hoods was accepted from the construction
cantractor with minor exceptions, including an slarm pressure gauge, an
electrical brake in the fuel element hoist and minor items of patching
of paint. -

The preparation hoods of the oxide line have teen pressure tested, and
the Kux lever-action pellet press has received & prelininary tas<.

Procurement. The sintering furnsces were received, partially cample=e,

on October 26 and 27. Portions not shipped include refractcery inserts for
the hydrogen burners, cross-push drives, and atmosphere control panels,
The furnaces themselves are well constructed but were no% completed in
accordance with the contrac*. Incomplete items inclade the shell cocling
water system, the electriesl power wiring, and the small 2o0ods snclcsing
the push mechanisms. Other incoamplete items may be disclosed as instali-
lation work proceeds. Completion of this work by the Phase III contraztor
will entail the loss of about three weeks’' +ime over previous estimates.

One of the scope engineers visited the engineering offices of Loma Machine
Mfg. Company to discuss and approve the rolling mill design drawings.

This wes done in an effort to assist the vendor toc get back on schedule.
The vendor has been notified that he is expected to meet the cconiracT
shipping dete of February 10, 1960.

Project Schedule and Finances. A project proposal revision regquesting an
increase in authorized funds to cover “he book value of transferred capital
property was completed and appreved during the moath.

Plans for the installation of the transferred equipment by -J. A. Jones
Company, the CPFF service contractor, sre being detailed. All of the
Group 5 equipment to be purchased was on requisition ai month's end except
a requisition for a group of hoods. Bids received are toc be held and com-
pared with estimates, and items purchased will be those which can be ob-
tained and installed within project funds. Design drawings of the seccnd
floor arrangement are being prepared.
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PRTR Operations

This month the major effort was devoted to the Engineering Assistant “rain-
ing course and to the preparation of Design Tests. In addition, & listing
of proposed PRTR Process Specifications was reviewed and ccmrents were
issued. A program is in progress %to standardize the reactor system rnomen-
clature used in the PRTR Design Tests, Operating Procedures, and Process
Specifications. This study will be completed in November.

At the first meeting of the Physics Sub-Council of the PRIR S<art-up
Council, held October 26, PRTRO accepted responsitility for the preparaiion
of a number of test write-ups and for laying out the format for the *es*
proposals.

The Phase III contractor periodically operates the service building equip-
ment installed by the Phase II contractor to assure the eguipment remains
operable. PRTRO personnel observe the operation of the eguipment o ncte
any problems encountered. One of the most significan® problems observed
this month is that the diesels which power the emergency generator and the
deep well pump are difficult to start.

Design liaison continued; the Maintenance & Mockup Building extensicn
drawings and specifications were studied and comments issued, the safe-
containment and rupture monitor systems drawings were reviewed, ani the
design of the in-reactor test sectlon for the gas loop was reviewed.

Ny

Sy

Preparation of HW-61900-RD, PRTR Design Tests, continued during the monti.
411 comments have been received and incorperated into the text., Twenty-
two of the 45 tests have been issued. The first eight tests were reviewed
by the Start-Up Council. The remainder will be issued early in Sovemter,

The accelerated training course for PRIR Techniciarns wes completed early
in the month. The Engineering Assistant training program began Octcber 3.
This ll-week course is being conducted by the PRIR enginzers. I% was de-
signed to famiiiarize the Engineering Assistanis with all PRIR systens
and experimental facilities.

PRTR ocperating data sheets were reviewed, and minor revisions were inocr-
porated. Detalled discussions were held with Tschnical Data Processing
Operation personnel for the purpose of arrenging for machine programming
PRIR operating data for storage and reporting.

A series of bi-monthly meetings was started with HLO Analy%tical Laborazcries
Operation personnel to resolve the final details of the PRIR sampls progran.
Included on the agenda are the establishment of laboratory facilities in

the 309 Building, procurement of necessary equipment, and training of PRTRO
personnel in laboratory techniques.
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2. BASIC SWELLING STUDIES

Irradiation Program

Assembly has been completed on a modified capsule comtaining four na*ural -
uranium spberes (0.7 percent U-235) to be used for the »asic swelling
studies progrem and currently is being bench tested in a flowing water
system. The lests are designed -to ascertain that *he components are of
the highest integrity and will withstand reactor conditions. Congurrent
with this proof test, data are teing obtained concerning heater efficisncy,
thermocouple response, and thermal gradients. To da%te, the modified de-
sign has shown greatly improved cperating characteristics. I+t is the
intent of this capsule design to maintain a constant temperature in the
uranium specimens regardless of reactor excursions or shutdown. Post-
irradiation studies will then be made to determine whether or not swellirgz
occurs 1f the specimen temperature is held constan* during its in-reactor
history. Informaticn for the preparation of the production test of =ne
capsule has been compiled. Tt is plaaned o charge a minimum of “wc
capsules, each containing four uranium spheres as soon as the production
test is approved. In additlon to the capsule alresdy being bench tested,
work on the mssembly of two additional capsules is consinuing.

Mechanisms and Theory

Optical and electron microscopy are heing used as a direct mesns for dster-
mining the size and distribution of peres in irradiated uranium. Swelling
in two specimens, one with a Ddurnup cf G.41 2/0 and the other witha a Lurnip
of 0.29 a/o, irradiated at temperatures below 550 O is “aing sTudied =25 a
function of post-irradiation annealing treatment. A porticn c¢f the speoizer
with a buroup of 0.41 a/o has been annealed for 100 hours a* a <esgera<ire
of 880 C and replicated for electron microszopy. o=e density for <h:
specimen after annealing was 16.79, which is higher than <he values o%t*ained
after annealing at lower temperatures. This densi*y value ices not cor-
relate very well with previous data, but probably arises as 2 consequennce
of c¢racks in the specimen. A statistical analysis of the pore density and
void fractionms has been completed on a specimen that was replicated in the
same area after mechanically pollshing, aftzr cathodically vecuus etzhing
for 20 minutes, and again after efching for 90 minutes. AlmcsT ne porosity
was observed in the as-polished condition, but after etching numerous
spherical pores were observed. Interestingly enough, the distrizution of
pore sizes was found to be identical after the 20 and S0-minute etches even
though the pore density had increased from 9.9 tc 12.6 pores per cubiz
wicron and the void fraction fromw 0.046 to 0.079 with the longer etcaing
time. These results indicate that the surface cf the specizen was severely
disturbed during polishing and that these ill effects were not completely
removed by etching for 20 minutes. Iz crder %o izprove the statistics *he
same specimen was repolished and etched for 10, 20, uQ, and 80 minutes.
Replication after each step has been completed, and electron microscopy
will be initiated shortly. The prime objective of this imvestigation is to
determine: {1) effect of etching on pore sizes; (2) effect of heat treat-
ment on segregation at boundaries; (3) reproducibility in pore size
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distributions in various regions on the specimen hetsrogeneity; (L4} exzen®
of possible pore distortions in the center and the peripheral regicns of
the specimen, and (5) reproducibility of replications.

Relationships have been derived and are used in interpreting micrograpns
of uranium with a burnup of 0.29 a/o in the as-irradiated state and after
a 100-hour anneal at 880 C. The fellowing conclusions can be derived:
(1) it would appear that very little swelling (increase in void frac*ion;
oceurs in this specimen during irradiation at temperatures below 500 C;
(2) there is no significant difference in either pore size cor distrizution
for irradiation temperatures of 500 € or 300 C; (3) post-irradiation
annealing at 880 C causes & slight decrease in the number of observable
pores per unit volume in those regions of the uranium which were irradiazed
at low temperatures, approximately 300 €, and causes an increase in =he
number of pores in regions in which irradiation temperatures were highest,
approximately 500 C. The validity of these conclusions will be checked by
statistical analysis of data on similar specimens annealed at lower tem-
peratures. )

A knowledge of the mobilities of rare gas fission products in uranium is
important in understanding the mechanisms of pore formailiorn. Xeron is
being introduced into a uranium surface under various conditions of elec-
trical glow discharge. The amount introduced, the mode of depcsition,

and the depth to which it diffuses into the uranium matrix is being svudied.
A note, HW-62153, entitled “Range of Inert Gas Particles with Energies from
10 ev to 30 Mev,” was issued this month. It was pointed out that at low
voltages in the 10-25 ev range (sputtering regicn, the energy is insuffizisn<
to cause inert gas particles %o be driven into a metal target. Cnerw gas
deposition by "sputtering" then must be interpreted in ligh* cof some zecn-
anism other than ion penetration. The voltages used with an ion gun {30-

50 Kev) will cause penetration of inert gas into uranium but no% dee:
enough te aveld surface effects.

A 3/16" ID x 2" long urenium cylinder, which was outgassed for cre day at
620 C, was subjected to sputtering of the imner surface a%t 1 ma/cg? in orne
mn Hg pressure of xenon for three days at 640 C, and an addi*ional <hree
days at 160 C. The cylinder was sputtered at the higher temperature In an
attempt to diffuse xenon into the uraniuwm volume, and at the lower teanpersa-
ture to insure that encugh gas would be retained on the uranium surface to
facilitate studies of the surface layers formed during sputtering. Spher-
ical porosity and some cracking was observed in the redeposited surface layer
but none could be found in the general matrix below this layer. Thicknesses
of 0.0017 to 0.0023 inch were removed by electropolishing from the Inner
surfaces of sections of the cylinder. Vacuum fusion analysis showed that

no xenon was contained in the uranium after the surfaces were removed.

This means that xenon penetrated into the volume metal less than 0.C007

inch bYeyond the redeposited surface layer volume metal interface, since

the surface layer was approximately 0.001 inch thick.
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X-ray studies of the surface of a uranium disk, sputtered a% 17 ma/ca®

in 2 mm Hg pressure of xenon for four days at 620 C, have shown, in
addition to uranium, the presence of alpha and beta phase UH3, and U0»
with an expanded lattice. The expanded UOp laittice may be explained eltrer
on the basis of oxygen depletion or on the basis ol tersile stresses.

The appearance of the hydride phases correlates well with the gas analysis
data and lends credence to the belief that hydrogen is bteing introduced
{nto the uranium glow discharge. An all metal bakeable vacuum system is
presently being fabricated for "sputtering” studies in an effort to elinm-
inate the sources of contaminztion. The new system will be capable of
attaining higher vacuums than the existing glass system.

It was previously pointed out that a considerable fraction of the xenon
and krypton produced in uranium during irradiation results from %he decay
of other fission products. In view of this fact, 1t was emphasized +hat
the diffusion of the parent atoms could result in fcormation of a second
phase which could act to precipitate xenon and krypton peres "iz situ” as
the second phase decays. Calculations necessary to the elaboration of
this concept are being carried out.

3. (AS COOLED PCWER REACTOR PROGRAM

Graphite Studies

Graphite COp Reaction. A series of solld cylinders of CSF graphive (+wo
inches long by O.42 inch diameter) were oxidized in £0p flcwing a®

1.5 #t3/hr. Ail had major axes parallel to the extrusicn axis of *%
original bar. They were oxidized at temperatures in the range coIf A3

825 ¢C.

O
+
h]

The equipment and experimental conditions were fhe saze ac previously
utilized for experiments with graphite hollew cylinders and spheres. JIhese
new data remove the discrepancy previcusly observed te<ween sxidation rates
of samples with various surface-to-volume ratics. The data indicate thav
oxidation proceesds homogeneously throughcut the sample in the above
temperature and sample size range. An activaticn energy cf 43 k csl/rmole
has been observed for the reaction.

There has been considerable disagreement in the literaturs on the acii-
vation energy of this reaction. Most likely the differences are due to
failure to differentiate between surface or homogeneous reactions or

the combination of both. An extensive literature search is being conducted
tc arrive at the actual cause of the apparent.discrepancies.

Air Oxidation Studies. Preliminary experiments indicaze that a relatively
small concentration of chiorine gas i- an air streap serves as an effective
oxidation inhibitor for graphite. The following experiments were run at
550 € apd 2.0 ¢fh air on virgin graphite.
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"S G'IZI

Microwave Studies. Three graphite samples were placed in 20 swtreams 1o
which microwave glow discharges were established. With 112.% waztis r I.
pover a blue-grey glow was observed at pressures {rom 150 *c BuO‘ﬁAJ”.

By controlling ambient temperature it was found that a hesavy dsposit of
amorphous carbon formed at temperatures below about 220 €. XNo depcsis

was formed above this temperature and depcsits fo:#e4 at lower ~dmperatiures
were removed at or above this ambient temperature. Iz adiificn =¢ “he
heavy sooct-like depesiti, a ring of brown material which appears <o o2
carbon-suboxide was found around the soct. A slate-grey material wniz:

was also found deposited on cooler portions of the sample has not ye=

been identified.

+

In conjunction with the work on Clp inhibitiorn, a preli-inary experinert
with a Clo discharge gave rise to heavy deposits oFf asocty =aterial o
both the sample and the reaction tube a%t low temperatures (helow 170 1.
and very low pressures (less than 5C mBg). Wall effects were sc gr2a”
that the glow could not then be maiptained for mere Tharn about thirTy
seconds. Analysis of the cnlorine is b2ing made *o detsrmine gresgsris
of air, COz, or Op.

Permeability Studies. A new permeabllity csll has Desn Duilt and will
be used in conjuncticon with the other %ypes of nells previcusly Tz2s7ed

Hawker-Siddeley graphite was run with two different types of surfacs
sealers, "Glyptal", and a plastic with the grade name "3co%:in lTast”
Both proved very effective in preventing side flow. Ah average ainit-
tance factor (F,) was found to be in the range cf 10-3 mZ/sec (32
Although this is not as impermeable as soms of the rew 'impermeabls’
graphite materials, it represents consliderable improvemen®t OVSr normal
reactor graphite.

Loop Materials

Selected nickel-base alleoys will »e evaluaited for use as struciural
materials for the in-reactor portion cf the gas-coolsd lcop. Amcng
the data of interest are the effects of elevated tempsrature irradia-
tions in anticipated loop envircrmments on mechanical propertiss. Ir-
radiations will be conducted in a gas-cooled graphite channel in C
Reactor. Irradiation capsules to contain specimens for the atmosphere-
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reactivity and tensile-property investigaticns were designed. Specimexn
materials were fabricated into machining blanks, and machininzg was
started. The specialized high-temperaturz tensils *esting apparatus
was assembled and caelibrated with low carben steel siandards.

D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiaticn damage recovery is being studied for a number of structirsal zmevals
Thege include copper, nickel, titanium, zZirconium, iron, molybdenim, ani
type 347 stainless steel. Tensile propertiss, electrizal resistance, DPX
hardness, and x-ray diffrac+<ion spectra are teing measured ©o d9versins re-
covery kinetics. ’

Irradiated and control specimens of molybderm were annealed for £C minutes
at 125 and 150 C, and similar specimens of zirconium were apnealed at 15C
and 175 € during the month. Measuremerts of DPH hardness and elecirizal re-
sistance were made after each anneal. Significant changes in glectrical
resistance due to either annesl was not otserved Tfor *he unirradiatsd and
1.5 x 1020 vt specimens of molybdenum or zirconim. However, signifi:zany
changes occurred for both materials irradiated to approximately L.S x 1043 nv=
These changes for molybdenum annesled at 125 and 150 € were 1.727 and 2,80 per-
cent, respectively, and for zirconium annealead at 150 an2 175 C, O.44 axd 7.6€
percent, respectively. The reproducidbility of <he data is vetver than = 0.1
percent. A sigpificant change in DFE hardness was observed conly Icr zirzenium
irradiated to 1.5 x 10%C nvt. The hardness change resulting from a 125 O
arneal was from 110 to 10k DPH. A reduction in hnariness preceding & rod.oti
in electrical resistance conflicts wi*h tie 2ulk of daza repcrrted in ~n2 Tield.

Lattice parameter measurements were made frog tne 210}, (220, and (1T
reflections for iron irradiated to 4.6 x 101% ov=, and_from e (220, (x11,
and (222) reflections for copper irradiated zo 9 x 10+Y avit, Thae lavtize

parameter values were consistent among the reZiections fcr bowh mater:ials
indicating that the changes in lattice dimensions due =z irradaaticn are iso-
tropic. These changes were negative for 2cpper and posiftive for ircn Ior
the neutron exposures represented. :

E. CUST(MER WOBRK

Radiometallurgical Examinations

Nickel Plated Elements from Pr-IP-207-A (BM-30€). Three more intermally ani
externally cooled Eanford production fuel elisments, whicn were irradiated “o
approximately 400 MWD/T as part of IP-207-4, were shipped ic the Radiometal-
lurgy Laboratory this menth. The slugs were selected for additiozal agrtral
pieces for detection of entrapped hydrogen gas under the plating of nickel
plated fuel elements from IP-207-A. Gas samples ccllected from Two conrol
and four plated elements were submitted to Analytical Operation for mass
spectrometer analyses. Results from the contrcl samples showed thas one set
of sample collection bulbs had lesked, and more control piece®s were regues*ed.
Results from a portion of the nickel plated slugs have been obiained, but
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sufficient data are not available at this *ime %o make an evaliaticsn af “the
tests.,

Direct Cast Fuel {ores {(RM-318). Sections from two elements have “een cathcd-
ically etched using a new technique which produces azn eich across the entire
specimen. Examinations of the etched sections show tha*t the badly distoried
pieces contaln a grester number of large grains and that they are unevernl;
distributed.

A small corrosion pit found in the can wall of element #7 was sactioned and
examined. The pit resembled & can wall inclusion with a halec arcund *he ncle.
It was found that the pit nad pernetrated 40% of the residual can wall, Tu% ©
clues were evident as to the cause of the corrcsion pit.

O

Self-Supported Fuel Flements (RM-40Q). Transverse and longitudinal can wall
profiles through the supports of two elements have been examined, bhut no
grooving or detericration of the can well has been found. Likewise, meial.: -
graphic examinations of the spot welds have shown nc evidence of corresicr.

PT-IP-19C-A Ruptured Doe Elements (RM-4C2). Twc elements have teen received,
and preliminary investigation has bDeen started. 3oth eslements have several
rupture areas, all at the base of a support. The large blisters were appar-
ently caused by the accumulztion of corrosion products under zhe cuter can
wall sufface.

High level Examination and Cut-Off Cell (Project CE-€82). Operatzon cf tn2
new High Level Examination and Cut-0ff Cell wasg initiated on CGzwmcher 8, wnen

the inner tube from an irradiated three-foot long KER tube-in-*ube Tuml elsm=lr
was introduced into the cell., This fuel element had received ar expocsure o7
approximately 400 MWD/T and had been discharged on October 1, 15% & raiia-
tion reading of 20 mr/hr was obtained through the fcot square, 18-.n:h toick
lead glass viewing window with the element 12 inczhes Trom *he inside winiow
surface,

=
-
-

AV

Metallography Leboratories

A study has been initiated to elucidate the effects of annealing *ims and
temperature on the AlS1 braze layer of normal production fuel elements. Ihe
study involves annealing of specimens over a temperature rangs frox 250 4 To
550 € for periods of less than one hour to 10C days. During annealing, to2
silicon crystals in the AlSi braze slowly agglcmerate and beccme sphsroidized
The braze layer of the fuel elements is subject to such annealing duiring 2x-
posure in the Hanford reactors. Since z record is kept of tne time of
exposure of the fuel elements in the reactor, it is expected *that %the resul-:
of this study may be employed by the Radicmetallurgy Labvoratory in exaza:ning
irradiated elements to estimate the temperature to which the braze layer was
subjected during the reactor exposure period.

Samples will be annealed over the f11 range of times and temperatures.

Evaluation of the results is expected to produce an energy of ac%tivaticn
formula which will enable the degree of sphercidizatiorn from any annealing

2338814 -Seang
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exposure within a wide rangs of time and temperature o be predicted with a
fair degree of accuracy. The program for the study has bean cutlined, and
the equipment is currently being assembled. Initial evaluation of the first
results is expected to require approximately two month.

Samples Process During the Month.

Total samples processed: 632

Photographs

Micrographs  3kk
Macrographs
Lc8

&WWM%QM

For Manager, Reactcr and Fuels
Regearch and Development

FW Alabughikb

DECI Areemag
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PRYSICS AND INSTRUMERT RESEARCH AND IEVELOPMENT OPERATION

MONTHLY REFPORT

OCTCBER 1959

FISSTONABLE MATERIALS - 2000 PROGRAM

REACTOR

STUDTES RELATED TO PRESENT PRODUCTION REACTORS

Heutron Temperature Study

Cadmium ratios of LupOz foils using various thicknesses.of cadmium were meas-
ured oz a foil rotatorin the center of the TTR core. These results are sum-
marized in Table 1 and are compared to the cadmium ratios of {ndium, gold, and
copper vhich were measured in the same position.

TABLE I

Cadmium“Ratios of Lutetiwum

Foil Foil Thickness Cd Thiclkness Ratio
(Mg/Cm<) _ {inches)

Lul76 0.170 0.025 68.3

Tt 76 0.170 0.036 £8.6

LulT6 0.178 0.040 €9.0

Lul76 0.184 0.050 70. 4

L 76 0.186 0.065

Lu§75 6.36 0.025 1.47
Lt 12 6.36 0.036 1.44
Lt 72 6.66 0,040 1.45
In 7.0k 0.040 2.59
Au 7.1 0.04C 3.52
cu 225 0.040 19.6

Foils were also irradiated in a beam of manoeﬁergetic neutrons with either an
energy of 4.79, 5.24, or 14.1 ev. The activity resulting from these irradia-
tions is that of Lul [EM. |

A "Letter to the Editor" has been submitted to the journal of Nuclear Science
and Engineering. The letter describes the results of experiments obtained with
lutetium through September, 1959.

Westcott g parsmeters have been calculated for Lul76 at six values of the
neutron temperature. The shape of the curve defined by the calculated parameters
agrees very well with that defined by experimental values.
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LugQy foils with a wide range of thiclmesses have been prepared and irradiated.
HeweYer, the resuits are rot avallable at this time.

Keunron Temperaturs Coefficlents

Programming of the ruclear data tape code is completed. Debugging of this
progean. Las bean starhed,

A sbroutine to calswtate exponential integrals has been written and tested.
The two Fformuias used, however, do not give sufficient accuracy for arguments
2f the ordexr of 10, A 2ontinved fraction form of the exponential integral is
being programmed 0 check its accuracy in this range.

Thermal Neufror Spectrum Near a Temperasture Discontinuity

Evaluations have begun of the analytic solutions to the temperature discontinuity
provler in a heavy gas moderator in slab and cylindrical geometry. The digital
computaer program SYZYGY is being used in these caleuwlations. A short program is
being written 4o facilitate comparison between these exact solutions and the
multimaxwellian zroup and effective temperature approximations.

Multimaxwellian GrouELAnalysis'

FI®-1, the cross-section fitting program which was described briefly last month,
has besn compiled. Three debug runs were made, with little success.

A test case of ZOOM, s multigroup program received from UCRL, was unsuccessful.
In this test case, the input, which was also received from UCRL, was rejected
by the program. The reason for this rejection has not been found.

Neutron Rethermalization Experimentsa

The technique of fabricating LupQz-Alo0z ceramic foils was established early
this month. Ten sample folls produced iniform counting rates (without weight
cormalizaticn) 4o approximately 0.6%, of which 0.3% was statistical. Approxi-
mately 80 foils have been prepared for use as neutron thermeometers. The foils
whis% have been irradiated exhibit a radicactive contaminant with approximately
a 2.50-hour half life which ylelds a 1% bvackground activity for normal irradia-
tiop times. This activiiy can be corrected for and does not affect the useful-
ness of these detectors.

The grapoite for neutron rethermalization experiments in cylindrical geometry
has been fabrlcated.

Ingtrumentation and Systems Studies

The repor% 2n the reactor speed-of-control analog computer analyses 1s near
completicn and will de issued soon in co-authorship with IPD persommel. A
secondary report recording the anslog computer program for this study also 1s
being prepared.
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STUDIES RELATED TO FUTURE PRODUCTICN REACTORS

Exponential Plle Measurements of Large Diameter Fuel Elements

Buckling measurements have been made this month for several fuel elements _
at severasl lattice spacings. The preliminary buckling values and other perti-
nent information are glven in Table I:

TABLE T
Fuel Lattice Buckling Volume Ratios
Element Spacing (10'6 cm™2) Al/U H,0/U C/U
2.5 x 1.6 IcE 14 9/16 wet -124 373 1.291 70. bk
2.5 x 2.0 8 3/8 wet -68 .193 1.102 21.12
with 1.66 x 1.1
2.5 x 2.0 7 3/16 wet -129 493 1.102 14.85

with 1.66 x 1.1

The buckling values quoted in Table I are based on an estimated side-extrapola-
tion lemgth of 1.66 inches. TFinal bucklings will be reported after analysis
of horisontal-traverse data.

To determine how the measured slde-extrapolation length might vary with front-
rear position two horizontal traverses were taken, one on the exporential pile
center line, the other one foot to the rear of center. The results of these
traverses are given in Table II1:

TABLE II
Fuel Lattice A (side-side)
Element Spacing (inches) Position
2.5 x 1.6 1L 9/16 wet 1.50 £ 0.2 Center line (front-
with 1.17 Tear)
2.5 x 1.6 14 9/16 wet 1.47 £ 0.2 One foot rear of
with 1.17 center

The results seem to verify the separability of the fluxes for 2 small assembly.

Horizontel traverses have been taken with and without a cadmium cover on the
counter. The results are given in Table III.
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TABLE IIT
% (side-~gide)
{irches) Position Cownter Data
1.5 £ 0.2 Pile center Bare
1.3+ 0.2 Pile center Cadmium covered
i.5 £ 0.2 Pile center Bare - cadmium covered

These measursments were made in an exponential pile loaded with 2.5 x 1.6

I a E fuel elements at a lattice spacing of 14 9/i6-inches. The counter was
placed at a poesition close to the radius of the equivalent cylindrical cell.
Within the wncertainties quoted in Table III the extrapolation lengths are

the same. The magnitude of the extrapolatlion lengths is not necessarily cor- -
rect since the shutter method was not used. The differences are valld since
the effect of the cadmium shutter method is to raise all A's by a few tenths
of an inch.

PCTR Measurements of Lattice Parameter of large Diameter Fuel Elements

Shopwork on the tubing for the 2.5 x 2.0, 1.66 x 1.12 tube-in-tube experiment
in the PCTR has been completed.

The preparation of the folls for the p measurement is being delayed by the
lack of sultable depleted uranium foil. Previous attempts to roll depleted
uranium have failed; however, the present attempt has reached 0.0l3-1inch and
is still progressing.

PCTR Measurements ogfga_and £ for Selected Cluster Elements

The experimentel work in the PCTR has been completed with clusters of naturzl-
uranitm rods of 0.925-inch diameter. Based on exponential measurements, the
ky 0of the water-cooled clusters at a T-inch lattice spacing was estimated

t¢ be about 0.95. Inasmuch as no previous measurements have been made in the
PCTR of lattices with multiplication constants considerably less than wnity,
two distinct approaches were made in this experiment.

The first approach, correasponding to usual methods, involved the measurement
of the quantity of poison to be eliminasted (or the equivalent absorptions)
from the latitice in order to increase its multiplication to unlity. The short-
coming of this approach i1s the wncertainty associated with spectral mismatches
that develop in an extrapolation of experimental data.

The second approach was to determine the quantity of eanriched uranjum-alumi-
num alloy required to increase the multiplication of the cell to wnity. Deri-
vation of the Ko Of the unenriched cell now involves interpreting changes in
n and € 8s well as thermal utilization. The results of the two techniques
will be compared with each other. Purther information will be gained by com-
parison with exponential measurements and the previously reported resulis of
the measurements with the uniformly enriched cluster.
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Several determinations of the adjcint mismatch were made as the spectral match
was being measured, These measurements showed that the adjoint mateh is not
necessarily as good as the gpectral match, depending on the configuration chosen
for the drivipg fuel. Alsc, with judicious choice of driving fuel location, it
is possible te mateh both the spectrum and the adjoint flux to 1 or 2%.

Absorbing Rod in s Maxwellian Flux

The digital computer program ARMIE, to calculate the effect of an absorbing rod
cn the neutron thermal flux, effective temperature, and neutron density in a
ncn-abscerbing moderator, has heen operated successfully. This program is based
cn the assumption that the reciprocal of the rod biackness varies linearly with
neutron energy. Analysis shows that variation of reciprocal bplackness with the
square reot of the energy is more accurabte; however, use of such an assumption
would significantly increase the mathematical complexity of the problem. As an
alternative to using this more accurate and complex square root assumption, a
search has been made for reascnable criteria to use in meking the linear approxi-
mation t0 the gquare root dependence. Three criteria for this linear approxima-
tion are being examined: a) Tangency to the 1/B versus energy curve &t the
energy of the peak of the asymptotic maxwellian distribution in the moderator,
b} a minimal least squares error with & maxwellian weighting function, and c) &
minimal least squares error with a mexwellian x{1/v) weighting function. Cases
to test these crifteria are now being run.

Improvements in p and ¢ Measurements

The measurement of e requires a calibration of the fission-product decay rates
for natural and depleted uranium. The dual filssion chamber constructed for
this purpose is being studied to analyxe the data taken when this chamber and
assoclated fission folls were irradisted. During the irradistion the count
rate in both sides of the chamber lncressed due to a slow loss in pressure.

The counting rate and spectrum are now being measured as a function of pressure
to establish a better basis for analysis and avoid the necessity for another
irradiation.

The 2" x 5" erystal has arrived and been tested. The resolution is about 8%

for cesium gammss which exceeds specifications. However, the response across

the face is not constant: = 1% over the central inch while specifications
‘called for + 1/2% over the central 2~inches. It appears that the vendor uses
collimated gammas when testing for flat response, while our applications refer
to an isotropic source. Modifications tc the resistor string to optimize collec-
tion from the photocathode will be attempted, followed by selection of suitable
absorbers if necessary to achleve more uniform response.

Exponential Pile Measurements for N-Reactor

As a result of pressure venting problems, the graphite stack for N-Reactor

has been completely redesigned. Since fabrication of graphite for an exponential
assenbly was in progress, a re-evaluation of the exponential program was neces-
sary.. All the graphite had already been extruded in 5" bars, but not machined,
and the vendor was requested to wait for our evaluation before proceeding. It
appears that the 5" bars will be usesble in the new configuration with some addi-
tional maechining and juggling of the physical arrangement. As soon as prints can
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be prepared, the vendor will be asked to quote an additicnal machining cost for
two alternates, and the final decision will be made whep the costs are received.

Instrumentaiicn and Systems Studies

Development-design work and some fabrication is progressing on fhree proposed
prototype monitoring instruments for the NFR 105-N Building (IFD Design Test
1071), Development work is essentially complete on the three-decade, scintilla-
tion, logarithmic system beta-gamma area monitor and fabrication was started.
Design work is almest completed on the linear, four-decade, scintillation beta-
gamma ares monitor comprising four detector heads and one central station. De-
sign was started, after discussions were completed and approach agreed to, on
the chart-recording, air-pulling, logarithmic beta-gamma scintillation air moni-
tor. The air monitor will be wheel-mounted for ease of location change and will
incorperate facility for an incorperated air-pulling device or for use with the
building air system.

A request was received from IPD to undertake full-scale prototype development

of <he dual fast-scan - slow-scan rupture detection system. (Reference: Letter,
"NPR Rupture Detection,” A. B. Greninger to H. M. Parker, dated QOctober 26, 1953.)
The accompanying authorization to incur costs up to $40,000 for this work will
permit acceleration of the limited development that had been initiated with
previously programmed funding. The objective of the accelerated program is to
develop a demonstration prototype system within approximately seven months.

First scoping of the mechanical design wag completed by CEQX0 and detailed
designing is underway. Progress has been made on development of the detector-
electronic system. The laboratory device o simulate the mechanically inter-
rupted gamma-ray signal for the monitor is being assembled. A transistorized
difference amplifier i1s being developed for use with the simulator.

A meeting was held this month with members of IPD, Reactor Design and Reactor
Physics, to discuss NPR analog computer work required for the next three or
four months. Three general programs were outlined.

1. PFurther work on reactor frequency response.
2. Detailed simulation of the dynamics of the heat exchanger.

3. Closed loop analysis of the NFR Primery Loop. This will include
all work done for the reactor and heat exchanger to date.

The analag computer study of the NPR heat exchangers has heen completed. About
one~-third of the runs were made on the Digital Differential Analyzer (DDA}. The
remainder of the runs were completed on the Goodyear computer (GEDA). The re-
sults were very satisfactory. One of the purposes of this study was to develop
a satisfactory circult for use in the complete clesed-loop NPR simulation which
would eliminate the difficulties encountered in prior work on this program. In
the earlier work, the equations for the heat exchanger contained some non-time-
dependent variables. To obtain setisfactory reswults, it was necessary to modify
the equaticns tc include time dependence of all variables.
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The NPR pump coastdown characteristics have been reevaluated on the analog com-
puter. The results were satisfactorv.

Aralysis of reactor kinetic equations continued. It has been found that the
approximate soclution given in the unclassified literature for the case where
reactivity is varied sinusoidally is incorrect. The correct solution, as
determined from the digital differential anaiyser, is unstable; it 1s oscilla-
tory with exponentislly increasing amplitude. This has been verified analyti-
cally. The form of the solution as an infinite series has been found and the
first few terms eveluated. From these it appears the instability occurs for
all values of reactivity amplitude and frequency.

Mechanism of Graphite Damage

A report was received on the lattice spacing change in the KU itype graphite
whoge irradiation and lengih change messurement wes reported last month. For
an irradistion with electrons which gave 0.13% microscopic length change the
lattice spacing chaoge was 0.18%. This gives a value of 1.4 for the ratio of
lattice spacing change to length change., This is markedly different from
the results obtained when neutrons are uged for the irradiation. For the
neutron case the ratio of lattice spacing change to microscopic length change
is about an order of magnitude larger than for electron irradiation. This
indicates that a different mechanism 1s operating for the two different types
of radiation.

STUDIES RELATED TO THE SEPARATIONS PLANTS

Plutonium Critical Mass Facility

The construction phase of the laborstory buildings is proceeding on schedule.
The control and office building is complete externally and interior finishlng
is about half done. The floor of the reactor room is complete; during the
latter part of the month the cement was poured for a portion of the reactor
room walls. Some service equipment arrived during the month but has not yet
been installed. )

The design drawings of the in-hood reactor components are being prepared,
together with specifications, for submission to bid by local shops or outside
fabricators.

Pertaining to nuclear safety in operation, a mock-up of the safety rod support
magnet and accelerating mechanisem has been fabricated to verify the suitability
of the proposed design. The mock-up will be tested to determine the magnet
holding and release characteristics and current requirements for the magnet.

Criticality of Plutonium Solutionsg and Preciplitates

Theoretical calculations are being undertaken with the 709 Computer to repro-
duce the P-~1l experiments on Pu systems; these calculations will then be
extended to include the presently proposed experiments for the Plutonium Criti-
cal Mass PFacility and in this sense will serve as a gulde in the selection and
planmning of the most useful experiments. '
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As a first step, the T09 Computer Cz Program has been complled. The Cz Pro-
gram perfcrms an 18 energy group in%inite mediwm spectrum calculation; then
provides as output, {1} & k_,p for bare cylinders; the cylinder dimensions are
given as input; and (2} thrée lethargy group parameters for use in the F3
code.

Nuclear Safety Specifications

Plutorium Metallurgy Operation - Pouring Crueible Design

The dimensions of two c¢ylindrdical pouring crucibles for use in plutondium
casting operailons were evaluated for nuclear safety. The larger of these
crucibles is 2" I.D. x 8 1/2" high and is to be used to pour charges of up to
6.6 Xg of plutonium; the other is 3" I.D. and is for amaller charges. The
evaluation showed that the 2" I.D. crucible is geometrically safe at full water
reflection, even if charged to capacity (8.5 Kg of plutonium). The specified
charge is 6.6 Kg (maximm). The stipulation is made, however, that the loaded
crucible must be at least 24" away from all other plutonium.

The 3" I.D. crucible is not safe by geometry and could be critical at a height
of 2.5" (about 6 Kg of plutonium). Consequently, & mass limit of 2.5 Kg is
impoged on this crucible, which provides a degree of safety for inadvertent
double batching.

The effect of small changes in crucible diamefer on the critical height arnd
eritlcal mass can be seen in the following table:

Critical Critical
Diameter Height Mass
2.0" o [ -]
2.1" 10" 11 Kg
2.25" 5.7 . 7.5 Ke
2.5" 3.7" ~ 6 Kg
3.0" ' 2.5" ~ 6 Kg

This analysis is based on a minimum critical mass of 5.8 Xg and an extrapola-
tion length of 2.5 cm (water reflected sphere); which appears reasonably accur-
ate but slightly conservative when compared to UCRL data.

Plutonium Metallurgy Operation - Metal Storage

An evalustion was made to determine the effect of polyethylene moderation

on the nuclear safety of a plutonium metal storage array. The array in ques-
tion is twc dimensional and contains unit masses of up to 3.0 Kg of plutonium
cn 24" centers; each mass is wrapped in several thicknesses of 15 mil polyethy-
‘iene. It was concluded from this study that this particular array is safe,
regardless of the amount of polyethylene around the plutonium components, pro-
vided there is only one umit mass at each storage location.
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Radiometallurgy Operation - Storage Basin Specification

The nuclear safety of the Radiometallurgy Operation in 327 Bullding was re-
viewed and tentative critical mass control specifications established for the
two fuel element storage basins. One of these basins contains wabter and the
other is dry. The specification permits the storage of 120 Xg (mwax.) of wanium
at an enrichment of 1.6% U-235 (max.) in each basin. The uranium rods may be

cf any diameter and in any array (i.e., no restrictions on rod diameter or
spacing between rods). It is also permissible to store Pu-Al alloy in each
bagin. In this case, the amount of plutonium in the basin is not to exceed

250 g, and the Pu~Al fuel elements must be in a designated location at least

two feel from the wranium array.

The amount of fisgile material permitted in the operating cells at any one
time is well below the mindimm scritical mass.

Chemical Research QOperation - Enriched Uranium Dissolver Design

The scope design of a dissolver vessel for processing snriched uranium metal
and uranium oxide fuel assemblies was reviewed to determine geometrically safe
dimensions. The design calls for a square vessel about 8" on a side and

about 8 feet long. The dimensional requirements of thls design are based
Primarily on processing the Yankee fuel assembly, which has the following speci-
fications:

Puel: U0s
Enrichment: ) 3.4% U-235 initially

2.6% U-235 + 0.4% Pu-239 finally
Dimensions: 7.62" x 7.62" x 94" long
Components: 306 rods of 0.34" dia.
Tuel Weight: 319 Kg UOp per assembly
Cladding: 5#8 88

The nuclear safety analysis shows the following:

1. At the U-235 enrichments under consideration (5% max.)}, the uranium
rod system is more reactive than the homogeneous solution system (the
maximum safe cylinder diameter is smaller for the heterogenecus case)
apd uranium metal 1s more reactive than uranium oxide, therefore,
nuclear safety must be based on 2 system of uraniue metal rods.

2. Critically safe dimensions have been established for systems of uranium
metal rods based on theoretical correlations to data from experiments
with enrichments of 3% and lower. These dimensions are as follows:

I
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Dg s .
% {Safe Cylinder {Safe Square of
U-235 Diameter ) side "a")
2.0 10,2" 9-1“
2.5 9,2" 8-.1."
. 5-0 8-6“ 7.6"
5.1‘_ 8.5" 7.3!!
%.0 -(.91! 6-\9"
5.0 7. 7" 6.8"

3, Pur a square dissolver vessel, 8" on a side, it is estimated that the
limitations on enrichment would be as follows:

2.6% (max.) for uranium metal rods

4.3% (max.) for UDp rods
This preliminary informetion will help in resolving the basic design of
the dissolver vessel. More accuratedata will be available as socon as the
correlation of experimental data at 3% enrichment and the caleulations
at 5% enrichment are completed.

Criticality Studies in Support of Processing Power Reactor Fuels

Experiments with Heterogéneous Systems

Critical mass studies were continued in support of processing power reactor
fuels with experimental work proceeding oo both heterogeneous and homogeneous
systems. -

The first critical approach and exponential experiments were conducted with
the small, 0.175-inch diameter rods of 3.063 percent earichment. A hexagonal
pattern was used for the lattlces which were totzally water reflected. The
uranium reds were 23.5-iaches 1n length; these rods were encased in 0.025-
inch wall Lucite tubes for insertion in the lattice frameworks.

The results of these critical approach and exponential experiments are
sumnerized in the followlng tables.

Critical Mass and Buckling
For 3.063 Percent U-255, 0.17>-1Inch Diameter Rods

Critical Approach Measurements

Lattice Hp0/U Critical No. of Critical Mass (Calculated  Critical, or
Spacing  (Volume 23.5-inch Rods  (¢ylindrical Critical Mass* Material,

(inches} Ratio) {cylindrical geometry) (spherical = Buckling#
geometry) geometry) £10-6.cm-22
0.45 6.29 628.3 242.5 1bs. U 184.3 1lbs. U 1h,330
0.50 8.00 569.4 219.9 1be. U 171.1 1bs: U 13,382
0.55 9.89 5542 213.9 1bs. U 171.9 1ibs. U 12,106
0.60 11.96 572.5 221.0 1bs. U 184.5 1bs. U 10,661
12339072
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Expcenential Measurements

Calculated
Lattice Ha0/Ur Critical Mass Calculated
Spacing (Volume Buclglins* for 23.5-inch Rods* ~ Critical Mass*
{inches) Ratio) (107° cm-2) {cylindrical geometry) (spherical geometry)
0.145 6.29 b, 347 242.0 1bs, U 183.8 1bs. U
0.50 8.00¢ 13,345 : 220.8 1vs. U 171.9 1bs. U
0.55 9.89 12,0%0 216.1 1bs. U 174.0 1bs. U
0.60 11.96 10,600 223.1 1bs. U 186.5 1bs. U

* The extrapolation length was taken t0 be 6.5 cm for these calculations.

In the critical approach experiments the lattices were loaded to within about 96
percent of the critical mass as estimated from the multiplication curves. The
critical number of rods are given for a clean lattice (criticel approach extra-
polation corrected for the effect of the safety rod gulde tubes and the source
stringer).

The critical mass in spherical geometry wes calculated from the buckling using
the zsame value of extrapolation length as was used to calculaie the buckling
from the measured criticel mass in cylindrical geometry, or from the exponential

measurements,

The predicted critical mass from the exponential experiment is seen to be in

good agreement with the measured critical mass from the critical approach messure-
ment. The buckling values are kmown with less precision because of the uncer-
tainty in the extrapolation length ()\); a single value of 6.5 cm was used in
these preliminery calculations. '

The expression which glves the buckling from the exponential measurement may
be equated to that which gives the buckling from the critical approach measure-
ment so as to yield values for both the extrapolation length (A}, and the buck-
ling (B2). The following values were cbtained from this procedure.

Extrapolation Length and Buckling

Tattice Spacing Buc ng
~ (Inches) A (10~° cm-2)
0.45 6.5% cm 14,280
0.50 6.40 cm 13,500
0.55 6£.28 em 12,328
0.60 £.28 em 10,8k0

The values of extrapolation length and buckling reported here are preliminary
values.

This series of four measurements does not encompass the maximm buckling.

The minimum critical mass for the 0.175~inch rods in spherical geometry is

~170 1bs. of U, which occurs for an Ha0/U volume ratio of about 9. Measure-

menta will be made with smaller lattice spacings in order to determdne the
1mum buekling for this fuel rod Qigeg
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9:u_ts of thesse measursrents are especially interesting since they show
itical mess continuss to decrease with rod size; the minimal critical mass

fhr the 3 perﬂent enriched uranium will cccur for rod diameters less than

2,17 incb I this trend were to continue the smallest critical mess would

he stibeined for a homogenecus system at an H/U atom ratio of roughly 2C. This

i3 in varisace with simple theory which predicts the smallest cxitical mass

for the heterogeracus system.

Experiments with Homogeneous Systems

Expcnentiel experiments are being conducted on 3 percent enriched U03—polyethy-
lere systems in order e determine the tuckling as a funection of the B/U atomic
ratic Por these systems. One purpose of these experiments is to determine the

mirimm critical mass for 3% enriched U-Eo0 homogeneous systems; the data will

al30 be used Tor cerrelating theory with experiment.

Exponeriial messursments are planned for H/U atom ratics of 6, 12, 18, and ‘
22, Meazwrements will also be made to determine the extrapolation length of
+he system.

An exponential measurement wes made for & homogeneous mixture of 3 percent
enriched U0z and polyethylene contained in a Lucite tank twelve inches in
diameter ang 32 inches in height. The H/U atom ratio &f the mixture was 18;
+he density of this meterial was 1.28 gm/em’. Horizontal traverse measure-
ments were made at the H/U retio of 18 in order to determine the extrapolation
length. The preliminery value was found to be v =9.5 = 1.0 em. Using this
valus for A the buckling for the H/U ratio of 18 is found to be, B2 = 3900 %
1390 1B. The error in the buckling does rot contsin the error in A since this
is only a prelimirary valae.

In order %o “btain the proper buckling for a homogenecus U-HpO mixture, the
measured buckling values must be corrected to account for the difference in
density beftween a2 U0z-CHy mixture and a homogeneous U-HpO mixture. Because

ky is independent of density, the correction entails only changes in the migra-
Hion area. Since X, can be evaluated for this material from the PCTR nmeesure-
ments, & value of the migretion area can alsn be obtalned providing the buck-
ling can be dstermined with sufficient azcuracy.

Mass Spectrometry

The mass spectrometer for +this program provided an isctepic analysis as a
service thids month.

The icon counting instrumentation for this mass spectirometer was debugged and
rut into cperacion. Studies of the charascteristics of the counting system
ard factors contributing to its reliability as an ion detection and measure-
ment system are in progress.

Accldent and Moaltoring Studies

The main progiem to integrate the resctor kinetics equations using an inte-
grated Taylor series formulation has bheen written and compiled. The subroutines
used for auxiliasry calculations have been compiled, and are being debugged
individually to check their operation before use in the main program.
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NEUTRON CROSS SECTION FROGRAM

Slow Neutron Scattering Cross Sections

Growth of Single Metal Crystals

The progzram to provide large single metal crystals for use as neutron diffrac-
tion morochromators has been continued. Pive single crystals of aluminum were
grown from the melt during October. All of the crystals are about two inch dia-
meter cylinders approximately elght inches long. The general features of these
crystals are:r The lineage structure is improved over that of the crystal grown
last month. The orientation of the crystals does not indicate a preferred
orientation with respect to the axis of the cylinder. The melis indicate a
pronounced segregation of impurities. There is a disturbed layer on the sur-
face of the crystals with large areas adhering to the walls of the graphite
cerucible.

None of the new crystals have been subjected t0 investigation by neutron dif-
fraction techniques as yet. '

Studies of Monochromating Crystals

The investigation of crystal reflectivity continued. The work of previous
months has been analyzed for consistency and significance. The main features
of selected results are tabulated below. Quantities appearing in the table
are:

peak value of reflectivity curve (fraction of incident
neutron beam reflected)

Rp

W = width at half-nax. of reflectivity curve
I.R. = integrated reflection

Bp and W are obtained from reflectivity measurements using a beam of high
angular (~ 0.0l deg) and energy (~0.0003 ev at 0.09 ev) resclution produced
by two calelte crystals in antiparallel. The product x W 1s a crude meas-
ure of the so-called "integrated reflection,” provided W= W¥, the angular
width of the callimation system. Otherwise, Ry x W* is used. The integrated
reflection 1s a meassure of the relative merit of the crystal as a monochroma-
tor for the neutron scattering cross section measurements. Relative values
of the integrated reflection casn also be measured directly by counting the
neutrons reflected from the main beam by a crystal located at the first axis
position. :

The reasonably good agreement between the two types of experiments for
Po#24 and AL#A indicates that the reflectivity measurements are valid.
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]
Crystal g;:ﬁ;;n(ev) Rp W (deg) Ry x W (deg) Reéfgfve
Be 1 0.09 0.19 0.78 0.15 -
o o1 0.09 0.12 0.09 0.01
NaCl 24 0.09 0.11 0.09 0.01
P 24 0.09 0.071 (0.71 0.050
(0.50% 0.035% 1.0%
Al 1A Q.09 0.31 0.12 0.037 1.5
Al 1A 0.035 0.34 0.16 0.054 --
A1 1A .30 0.12 0.10 0.01 --

# Indicates a caze in which the effective angular widtk for the integrated
reflection experiment 1s determined by the collimation width instead of
the crystal width W.

* Indicates the crystals previously used as monochromators in the experimental
study of slow neutron scattering from water.

Slow Neutron Fission Cross Sections

The slow neutron cross section information on Pu259, Puaho, Puzhl, and Puaha

was reviewed. The results were presented as an invited paper on "The Status of
the Low Energy Cross Sections of Plutonium" to the Conference on the Physics of
Breeding at Argonne National Laboratory, October 19-21.

Sutthreshold Fission

The investigation of resonance fission of PuY0 has been continued using the

gas scintillation fission counter. The measured fission in the 1.06 ev resonance
has given inconsistent results in separate runs presumably because of poor per-
formance of the scintillator detector. Measurements are now in progress to
attempt to place an upper limit on the amount of fission in the 20.4 ev resonance.

Fission foils are being ed in Cgemical Research and Development from
semples of P3231, U23k, 55 s and U259, Fission measurements will be started
when the foils are received. )

Fast Neutron Spectrs

A brief run was mede of the Be(d,n) reaction. The alignment of the Van de Graaff
beam was worse than that of the previous run. The data obtained are being analyzed
for the blas energy versus phototube voltage relation. Accelerator time has been
scheduled for a thorough realignment.

Work has continued on the photomultiplier cooling system. The reliability of the
system has been improved such that the temperature will stay constant within 2%¢
for a working day on one load of dry ice. .
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Irradiation Cross Sections

Three moncenergetic neutron irradiations of lutetium were made during the month
usiny the 105-DR crystal spectrometer. Irradiations have now been made at the
C.142 ev, 2.6L ev, 479 ev, 5.2k ev, and 1h.1 ev resonances. Isotopic assign-
ments of the resonances have been made from the observed gamma spect follow-
ing irrediation. These assignments agree with the assignment of Lut7? to the
lowest resonance snd Lul75 to the four other resonances as reported from total
cross sectlon measurements with separated isotopes at ORNL. The data are being
studled in order to determine the pogsibility of assigning spin states to the
Lul75 resonances.

REACTCR IEVELOPMENT - LOOQ PROGRAM

PLUTONTUM RECYCLE PROGRAM

Lattice Parameters for Low Exposure Plutonium

PCTR expefiments on the 19-rod clusters of 1.8 w/o low-exposure Pu-Al fuel in
a square 10 1/2-inch graphite lattice began on October 27. Very preliminary
measurements indicate k ~v1.65.

Lattice Parameters for High Exposure Plutonium

Specifications and a work order have been forwarded to Plutonium Metallurgy
Operation for preparation of the 21.7% Pu-240 material into 0.5-inch dia.
rods for PCTR measurements.

FRTR Startup Experiments

The Physics Startup Committee met during the month and reviewed the startup
tests. Responsibilities for the planning of the experiments were assigned.

The specific responsibility of outlining the subcritical tests has been
apportioned to Nucleasr Physics Research.

The Critical Facility of the PRP

The scope description of the facility has been completed and issued as Docu-
ment HW-61808.

Meetings with the designers were continued throughout the month. Typical
topics which have been dlscussed comprise the moderatar systems, core designs,
regulating rods and reactor instrumentation.

A Program for Analyzing POCTR Data

The foil data processing program appears to be operating correctly. Debug runs,
testing three of the several options in the program, were successfully completed.
The input format, laid out before programming began, has not proved entirely
satisfactory and will be revised before input forms are printed. Relativaely
minor interior changes will also be made to facilitate the later addition of
routines to handle lutetium and fissionable foils.

1233907
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Ingtrumentation and Systems Studies

Tests are proceeding concerning the evaluation of 150 miltiplier phototubes
and 87 Nal scintillation crystals for the PRTR fuel element rupture detection
system. Seventeen of the last group of twenty-five Nal crystals received were
wracceptable because of cerystal fractures, separations, and internal moisture
effects. These crystals were received on a low bid from a previously untried
vendor. The seventeen crystals will be returned to the manufacturer. The 200-
channel analyzer is being utilized to check phototube-crystal resolutions.
Other tests include temperature effects, noilse, galn, and stability factors.

Work continued on development of the gamma insensitive neutron detector based
on the difference in pulse shapes between neutron induced and gamms induced
gcintillations. This new technique will be tried first in the neutron time-
of'-flight system in support of the Cross-Section Program. A circuit has been
built end ig being adjusted to provide a fast saturated pulse for timing pur-
poses that may be genersted by elther a gamma ray or a neutron. The circuit -
also provides s slow pulse when the scintillation event is caused by a neutron.

Fabricaticn of the Wide Angle Viewer continues. Some of the parts have been
recaeived from offsite vendors.

A1l offsite bids for fabrication of parts of the profilometer have been
received. The lowest possible fabrication cost exceeds our original estimates
by 50 percent. A supplement toc the work order has been requested. Discussions
were held fo seek ways of reducing fabrication costs. This appeared to be
possible in only one component, the cell plug. '

The safeguards analysis problem was again programmed on the analog computer
to study the casges when the reactor loasding is such that the maximum enrich-

ment of plutonium is present.

GAS COQLED REACTOR PROGRAM

Variation of the Doppler Coefficient with S/M Ratio

Assembly of the 1.92-inch dia. mockup fuel element, containing twelve cali-
brated iron-constantan thermocouples, has been completed. The element has
been sealed within its guartz copntaining tube and the system successfully
evacuated to «= 1 micron Hg. The supporting graphite pieces are belng fabri-
cated. Initial tests on this mockup assembly will begin in about two weeks.
Coils of & speciel design for heating the 20-inch fuel element with the
induction heater have been successfully formed and tested.

A small computationsl error has been found in the analysis of the 1.92-inch
k, data. The value of k, for the dry case increased 0.7 mk, from 1.Cll to
1.0117.

Rod Replacement Analysis |

A subroutine which evaluates determinants of order ten or less by Crout's
methed of reduction has been written and has been debugged for the case of a
three by three array. The precision for higher order determinants is now
27
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being examined. A4 modification of the subroutine for evaluating lattice sums
has been made in order to provide more rapid convergence.

Input data representative of the GCR lattice are being prepared for the F3
program in order to compare a calculaticn of Af upon insertion of control rods

te the value predicted from the small source theory formulation.

NONDESTRUCTIVE TESTING RESEARCH

Responsibility for this program was transferred from FPD %o HLO on October 1,
1959. The studies om broadband eddy current testing techniques were moved to
new laboratory facilities in the 2707-C Building. Funding was provided Testing
Methods Operation of FPD for continuation of the ultrasonic Lamb Wave research
through the balance of FY-£0. The Lamb Wave work will be separately reported
by FPD and will also be included in the total Hondestructive Testing Research
portion of the LOOU Program monthly report issued by HLO Programming Operation.

Qualitative agreement is being obtained between broadband eddy current probe
output signals and the predicted pulse shape based upon analysis of the case

of a tegt coil encircling a cylinder. The resul®s of the analysis will be

used to compute & famlly of probe output signals for metals of various conduc-
tivities for the cylindrical case. Such a family of curves will serve the same
purpose in the broadband test as do the presently used impedance analysis curves
in the single frequency case. As in the single frequency case, curves showing
the effects of thickness and presence of cracks will be cbtained experimentally.

Special attention was given to note the effect of variation in spacing between
a flat test coil and the test specimen. In the case of impulse or step function
¢oil current drive, such variation shows up meinly as & change in amplitude of
output signal, with some shape change due to the same factors which cause the
probe motion locus to be curved in the single frequency case. However, when the
test coil is loaded to cause currents to flow in it waich persist for some time,
a portion of the output signal, representing a very short time interval and
consisting of high frequency signal components, varies with probe spacing bdbut
does not vary much as a test specimen conductivity is changed. This represents
the broadband result of the effect ovserved on single frequencies curves at

the high fregquency end. It is from this section of the test coil pulse output
that informstion will be obtained concerning the spacing between coil and test
specimen. This effect is still under observation and study. Theory indicates
that this same effect should be obtained without the coil loading but during
the time of rise of the step function drive from O to its final value.

The broadband principles are to be applied to a nondestructive testing problem
of interest to the Plutonium Metaliurgy Operation. It is desired to measure
nondestructively and independently the thickness of a zirconium fuel element
Jacket, and the thickness of air gap existing between the jacket and the fuel
element core. Tentative instrument specificetions have been éstablished for
zirconium thickness and for the air gap thickness., It is planned to make initial
messurements using & system assembled from laboratory equipment. When sufficient
deslgn information is obtained, a laboratory prototype instrument will be assen-
bled which can be used for making spot measurements manually.
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A szawtooth pulse generator giving a peak current of ¢.3 ampere for ﬁiis applica-
tion hes been set up, and is now providing excitation for the small (1/8-inch
dismeter) test coils used. Coil output signels for the zirconium thickness-air
gap case are now being observed in order to determine the type of readout cir-
cuitry required.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month. There were five
unscheduled shutdowns; three were due to electromic failure and two were due
to faulty bypassing technique.

The 7-rod cluster k= 1 experiment was completed during the month, and the
low 240, 19-rod cluster, 10-1/2 inch lattice kg, and f determination experiment
was started.

The following reactor improvement items were completed:

(1) A safety platform and railing were installed on top of the reactor.

(2) Micrometers were installed on the four corners of the reactor to check
the reproducibiiity of the face closing. The micrometers proved that the
face does not reproduce after each closing. Better reproducibility of
reactivity measurements can be cbtained by correcting Tor the face posi-
tion by using the diflferences between the average micrometer reading.

(5)‘ Braces were put across the ends of the channel irons holding the control
rod drive mechanism. The channel irons were previously supported at one
end only and were not sufficiently rigid.

The operating time of the TIR was divided between the critical mass spproach
experiments and calibration work on neutron temperature measurements.

There were no unscheduled shutdowns during the month.

The design and experimental layout of the automatic foil counter scanner are
well under way.

BICLOGY AND MEDICINE - 65000 PROGRAM

ENVIRONMENTAL SCTIENCES

Atmospheric Physics

The reduction of all meteorological data pertinent to the past summer's dis-
Persion experiments was completed and copies for the Air Force components were
obtained. Machine processing of the portable mast data was approximetely 18%
complete. Retention of the IBM 702 computer at least until January 1, 1960,
assured the orderly processing of these data.

The taking of motion pictures of the various aspects of the dispersion pro-
gram wag also completed. These films are being edited for documentation on
Project Green Glow by the U. 8. Alr Force,
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A base map showing appropriate contour details and the location of equipment,
instruments, and sampling stations was prepared and printed locally. These
maps are to be used by the participants for streamline, trajectory, and iso--
dosage analyses. A conference ¢of the principal scientists involved in Project
Green GQlow has been scheduled for November 3-5 for the purpose of planning
analysis and reporting schedules.

The first results on the calibration of the automatic fluorescent pigment
¢ounters by neutron activation of the zinc and gamma ray spectrcscopy were
received from Analytical Chemlstry. An extremely precise assay of the ZnS on
the most heavily loaded filters was possible, and the uncertainty of the cali-
bration of the automatic counters was reduced significantly. The presence

of spurious short-iived isotopes in the irradiated samples necessitated a
longer decay time allowance prior o the assay of lesser ﬁoadings cn the mem-
brane filters. Results to date are for loadings from 1077 to 10-3 gm of ZnS
and assays for loadings from 102 tg 10-7 gm are expected by November 13, The
minimum significant loadings of 10-© te 10-9 gm may require chemical separstion
priocr to counting.

Sempling equipment at 200, 800, 1600, and 3200 meters from the source, includ-
ing ground and tower stations, was readied for further dispersion and deposi-
tlon experiments.

DOSIMETRY

An snalysis was completed of the data from the first 169 subjects given routine
examinations in the Shielded Personnel Monitoring Station. The mean values
obtained for the quantities measured were:

Quantity Mean Value % Standard Deviation
gm K 128 19
gm K/1b body weight 0. 76 17
mue 2055 : ‘ 2.9 T3
muc 05157 7.7 31
upe Cs37/gm X 60 26

The results for potassium and cesium are simjlar to those obtained with other
whole-body counters, although there is evidence to indieate that some of our
results are 10-20% low (see below). Results such as those found for Za®> have
not been reported by other facilities. Since Zn > is present in Hanferd ef-
fluents and had been found in people in early measurements, analysis for

zn65 was made part of the routine of the SPMS. Small quantities were found
in about 95% of the subjects examined. It was expected that residents of
Pasco and Kennewick might have larger body burdens of Zn 5 because of the
nature of their water supply, but there is no noticeable difference between
the subjects from these communities and from Richland. The students who spent .
the summer here on AEC Radiologlcal Fellowships showed about the same distri-
bution as Richland residents; the students were from widely scattered points
in the United States but hed spent the preceding scheool year in Seattle.
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These facts suggést the pesaibility that a good share of the observed 7065 a1a
not come froxw Hanford but is the result of gereral fall-out. There have not
been ggough visitors from distant points to establish the general occurrence
of Zn®?; a man from Colorado showed avout the value fcurd on the average
locally; a man from England showed ro Zn65. The fall-out peossibility is sup-
portad by an observed weask correlation that indicates the amounts of Zn P

are decreasing with time a% about the rate expected from radicactive decay.
This would be expected for fall-out bui not for a source such 8s Hanford that
would be continuously supplying znew Zn®°3,

Severgl studies were made to confirm our ability to detect the small amounts
of Zn®> that are of interest. To avold long counting times these had to be
made on systems that gave higher coumting rates but that were statistically
similar to the counting of people. It can be said with fair confidence that,
for example, subjects contairing O.4 mue Zz®5 will not be detected about 16%
of the time. On *he other hand subjects with no 2n65 will be reported to
have 0.4 mue or more about 16% of the time and 0.8 mue or more about 4.5%

of the time.

The diet of & perticular local family has been under examination by Aralyti-
cal Chemistry Operation for some time. The only significant source of Znb5
for this family has beer their milk. It has contained an average of 2 uue/gm
of Zn®%, and the femily uses orme gallca per day. The husband, wife, and four
children (ages 14 months to 8 yearsg were examined in the SPMS. Bach con~
tained between 30 and 37 mue of Zn®? except for an eight-year-old boy who
containad 45 myc; he was considered the heavy milk drinker of the family.

If these data are relevant in the case of the Zebd in the general population,
the 2.7 myc average body burdern would be produced by an intake of about 0.1
muc of Znf5 per day. If milk were the mcst common source of Znb5, it would
have tc contain avout 0.02 uuc/gm.

There is growlng evidence that our zalibraticn for potassium is giving us
low resuclts. Three people have been counted here and at Los Alameos. Our
results were 7.5, 1L, aznd 17% lower than the Los Alamos values. Ome of

these mern had alsc been counted at Argonne, Harwell, and the University of
Leeds. The resvits from these laboratories were in good agreement with that
from Los Alamom» In additior, Apderson and Langham from Los Alamos recently
reported |Science 130 713 (1959} & correlation between the amount of
potassium'per unit of body weight and the age of the subject. Our data indi-
cate a very similar correlation but with about 15% lower potassium values.

A subject was examined who had zcquired a large body burden of plutonium

in an accident over three years ago. The 60 Kev gamma rays from Am2Ml, a
daughter of Pu24l, were detected with the large Nel crystal placed over the
lungs and over the liver (these were the only positions used). The counting
rate was the same as that that would have been obtained from 1 mpc Ame4l in
the lung cavlty. If the biologlcal elimiration rate of Am is the same as
that of Pu, 1 muc would be equivalent in this case to approximately 40 muc

of Pud33. X-rays were detected with a thin Nal crystal placed over the chest,
but calibvrations for this counter have not heen completed.

Trouble developed with the lirearity adjustment of the large Nal counter
system. The nature of the difficulty was not fournd but an altermate method
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of adjustment was found.

Two new standard positicns for the large Nal counter were prepared to give
less sensitivity if it is ever needed in the examination of a grossly con-
taminated subject. These positions give sensitivities about 1/4 and 1/8
those of the regular position.

Tests continuved on the reproducibvility of varicus parts of the precision
long counter. Resuits have been very good. The position of the effective

center and the effect of scattered neutrons were measured for several dif-
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a demonstration model.

Investigations of the various plant area radiation background conditions are
essentlally complete for the standard originally proposed points. Speciel
investigations will be undertaken later as required. Only qualitative informa-
tion is belng obtained and all information is chart recorded. The information
obtained at each location will be distributed after it is compiled and recorded.

Some experimental circulfs have been completed for a scintillation detector
and chopper-transistor circuit for a portable, battery-operated, beta-gamme
dose~rate meter. Two experimental prototype units will now be fabricated.

They will be the size and general shape of a standard HAPQ C-F instrument.
Stability of the circuits has proved to be excellent thus far. The same cir-
cultry can be easily incorporated into fixed 110 VAC-cperated equipment by
merely substituting transistorized power supplies for the batteries. Fuil
scale meter, first range, stable sensitivity can be one mr/hr using & 50 micro-
ampare meter. The same unit ¢an esgily drive a 10 to 50 miliivelt recorder.

A good, stable, two-transistor emitter follower circult was developed that
will easily drive 1,000 feet of coaxial signal cable. The unit has an input
impedance of 200 K ohms. Power requirements are only 75 microamperes from
a four-volt battery. A miniature mercury cell battery life is thus greater
than 2,000 hours.

Experimental work is progressing smoothly on a logarithmic transistorized
count-rate meter of compact size. The present circult exceeds four decades
in coverage with errors of lesg than +5 percent. Eventual coverage will be
five decades from 10 c/m to 109 ¢/m with input requirements. of a negative
100 millivolt pulse, The mit will drive a standard 10 to 50 millivolt chart
recorder.

Experimental work is progressing on & transistorized compact decede scaling
instrument. This will encompass three to four decade scaling units and a
register-driving circuit and register. Input pulse requirements will be as
stated for the log count-rate meter.

Light pipe and specialized scintillation detector investigations continued
during the month. The combination light pipe and detector probe, to be used
for measuring approximate beta dose rates in solutions of various single radio-
isotopes and in various animal organs at Blology, is now fabricated. This
completed probe 1s being evaluated with & four-inch long light pipe with an
effective dlameter of ©.125 inches. This probe was used to determine the
relationship between dose rate and count rate in solutions of Cs137, 1131,

and Sr9°. Tt was also used to determine the relationship between concentra-
tions and count rate in solutions of Pu@39.

Experimental work was started on a two-inch by seven-inch active face area
scintillation probée for alpha detecting. Several two-inch by four~inch active-
Tace area alpha scintillation probes are now being fabricated. These probes
have no increase in background counts, from the usual one to two e/m, in a

Ra gamma field of five r/hr and are insensitive to beta with proper amplifier
circuit adjustment., The two-inch by four-inch probe has a uniform geometry
for Pu@39 alpha particle detection of better than 10 percent. The probe hous-
ings are to be fabricated of very thin stainless steel for ease of decontamina-
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tion. UNene of the probes are affected by temperature or humidity variations
and they are rncn-microphonic.

An dinstrument using 2 thermistor wms develceped for Biology te determine res-
piratcry meazurements of arimals. The instrument measures the rate of dis-
plaverent T air and the volume of air displaced by the animal. It was s -
cegsfully demcnstrated to Biclogy persomnel. The information obtained is
chart-recorded. Veolume changes as smell as (.03 cubic centimeters were de-
tected using rets. The curve sicpe indicates the rate of displacement at
ary time. A final model unilt 1s now being fabricated.

Fabrication was completed on the experimental prototype completely transis-
torized count-rate meter plus loudspeaker-indicating combined alphea-beta-
gamma detecting izstrument. The unit 1s now being tested and debugged. The
unit operaztes from 110 VAC mairs and only ope scintillation probe is used
for alpha-beta-garmma detection. One speaker produces loud "pops" for alpha-
caused pulses and trhe second speaker produces easily discernible 1.0 KU notes
for beta-gamma-caused pulses. The count~rate meter indication is selectable
for alpha-only readings ¢r alpha-beta-gamms readings combined.

The instruction manusl for the Redic Telemetering Network data stations
is about one-half completed.

The chassis, steering, and drive mechanism for a smell robot was built and
the fabrication of an arcurate odometer is in progress.

WASHTNGTON DESIGNATED PROGRAM

The mass spectrometer for this program has been providing analyses of the
samples fauynished this month.

Study of the ion optics of the ion scurce reglon continued through the use
of two dimensional equipotential plots. The plots, thus far, show a weak
Tield in the vicinity of the ionizing filament. The importance of local
flelds and geometry of the triple filaments on the over-all transmission
and focusing properties of this desigr, is under investigation.

The sample sensltivity of this instrument is limited among other things

by (1) the transmission of the ion source, and (2) the intensity of impurity
ion peaks in the mass region of analysis. It is probable from the varia-
ticn in sample sensltivity observed for different lcadings of the same quantity
of sampl=s material apd from preliminary analyses of the source ion optics
that sample filament geometry is an important factor affecting the source
transmissicn. Tungsten ribbon which has been used as the sample filament
material is Aifficult to form into the required geometrical shape snd tends
to warp badly when heated., Sample sensitivity limiti impurity akﬁ which
have been observed at masses 234 apd 236 are due to (K27} + and (K *
ions originating from a potassium impurity inherent in tungsten. A notable
improvemen®t in the gecmetric stability of the sample filaments and in the
elimination of potassium as 8 trovblescome impurity has been achieved by the
substitution of rhenium for tungsten as the sample filament material.
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CUSTOMER WORK Aﬁﬁ!ﬁ?
Weather Forecasting and Meteorology Service
Type of Forecast Number Made % Reliability
8-Hour Precduction 93 8L.3
2h-Hour General 62 8.1
Special 115 89.6

Both average temperature and total precipitation were near normal. There
were no important extremes.

Instrumentation

Fabrication was completed in the 328 Building Electronics Shop on eight,
latest design, plug-in transistor amplifiers. Fabrication also was completed
on 15 additional amplifiers and 15 transistor count-rate circuits for use in
plant portable instruments. All 38 units worked satisfactorily. This ampli-
fier and count-rate circult has been standsrdized and will be used in many
varied applications. ' :

Fabrication work continued on 12 scintillafion gamma criticality alerming
units. These operate from 110 VAC mains and will be installed in various
300 Area bulldings.

Fabrication continued on three G-M tube detector, trensistorized circuit
alarm monitors for Redox. - Alarm levels of 0.1 to 5.0 mr/hr will be available.

Febrication continued on a prototype, transistorized count-rate meter plus
loudspeaker, alpha-cnly, 110 VAC-operated monitor which can be used with
either a scintillation probe or an air-proportional alpha probe as desired
by the operator. The unlt will fit directly, as a replacement, in the plant
"Cart-Poppy" vehicle,

Two new scintillation neutron detecting probes were assembled and tested

for use with the portable combined scintillation and BF: transistorlized slow-
fast neutron meters. These have proved to be excellent in field tests. The
rew scintillation probes are about one~half inch smaller in dlameter than were
the original probes.

Advice wus rendered concerning the conversion, as previously demonstrated,
of exlsting mica-window G-M-tube lesd-pig counters to a scintillation detector
at 100-D Area.

Advice was rendered and circult diagrams given to the Radiation Protection
Operation concerning the use of the scintillation logarithmic area monitors
for use at various plant sites in the 614 Building. It is proposed to fabri-
cate some 10 to 15 self-contained and recording units. These will be similar
to the ones proposed for the 105-N Building except the three decades will
extend from one mr/hr to one r/hr.
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Funds ware received from the Plant Laundry Cperaticsn to design and fabricate

2 protobype cioveyor system for the proposed laundry monitor. This system
can eventually be used %o automatically monitor alpha, veta, and gamma con-
camination on all plant scveralis and lab coats in use.

A requesiad estimate of time and material costs for the development of a
digital wind recco riiAg instrument wag compiled to be forwarded to the Army
Corps of Engiresrs, Walls VWallsa.

Ac pta:ae t2sts wers completed on seven new C-P instruments. Approximately
£5 new urits will be purchased later.

Field tesis and demonsirations continued on the seintillation, Hransistorized
neutron instruments, on the combined porsavle alpha-beta-garme instruments,
and on *hne loudspeaker-meter G-M instruments.

Analog Compuxer

The stirred chemical dissolver study was completed. The results compared
Tavorably tc expected values. A report is in progress and will be issued next
month.

The Goodyear (GEDA) analog compuser was moved from the 326 Building %o the
new permanient lacation in Room & of the 3707-C Building. The analog compubter
facility also has a Litton Digital Differential Analyzer (DDA) and a ten-
gupiifier Donner cowpuber, both of which are available for use in the 3707-C
Building by anyone who se desire:. A Berkelaey EASE electronic analog computer
is scheduled to be shipped from the factory late in November for installation
in the analng compuber facility. The additicn of the EASE will approximately
dcubls the capacity of the facility. The new computer is expected to be in
rouvtinge opsratica in January.

Planning was started this month or replacing the troublesome lead connections
i the JEDA pezzibay. It is planned to have a complete replacement of the
Presact contacts with cnes of sturdier design and reliability. This modifica-
tien shoulld improve the computer utilization consideradbly. .

Ar electronic transport lag simuisto>r is being designed based on information
obtained from Boeing Airplane Compeny, and utilizing the principle of time
domain syrnthesis.

Qptics
Internal Diameter Cptical Micromever - Detalled design drawings have been pre-

pared for an optical device which will be used at 105-C Fuel Examination Faeili-
ties for measuring the interral diameters of irradiated fuel elements.

Seratch Depth Tlluminator - Design drawings are being prepared for components
whick will adapt the 105-C underwater microscope into a scratch depth measur-
ing microscope. Witk this wunit it wili te possible to measure and observe
the depth contours of pits and scratches in the surface of irradiated fuel
elements.

DECLASSIFIED  '2>°% | —
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Infrared Radiation Ratio Pyrometer - Fabrication of the mechanical components
of the radiation pyrometer is 90 percent complete. Electronic and optical
components have all been ordered and many have been received. It is expected

that the unit can be installed on the metallograph in 326 Building early in
December.

Cave Periscope for Purex - At the request of D. A. Snyder a periscope has
been designed which provides a true color view of the intericr of a high
level cave in the Purex sample gallery. The periscope gives & field of view
of over 20 degrees at about 1X megnification.
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Chemical Research and Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

TRRADIATIONS PROCESSES

Decontﬁmination of Reactor Components

The corrcsion of carbon steel when coupled to 30L-L steinless steel, to Inconel,
or to zirconium and lmmersed in various decontaminating soluticns was studied.
Coupled specimens vwere rotated in the cleaning solutions to simulate flow of these
solutions through & loop. Ino citrate and bisulfate solutions, corrosion of carbon
steel was faster by factors of two to three when coupled to these maetals than when
uncoupled. Coupling to Inconel produced the greatest, 304-L an intermediate, and
zirconium the least increase in corrosion rate. Coupling produced no increase in
corrosion rates for samples exposed to oxalic acid solutions. The ratic of the ares
of catheodic material to that of the anodic material in couples has a large effect
on corrosion rates determined in some decontaminating agents and must, therefore,
be considered in &ll corrcosion tests.

Neither heating for two hours at 125 C nor adding C.0l M KMnQy reduced the effective-
nesg of corrosicn inhibitors present in proprietary Wyandotte bisulfate cleaners.
Carbon steel corrosion rates in locally prepared bisulfate cleaners haviang thiourea
or Rodine 81 as inhibitors were satisfactory at 60 C, but prohivitively high a*

90 C¢. Irom(II) and iron(III),especially the latter, increase carbon steel corro-
sion rates markedly when present in Wysadotte bisulfate cleaners.

Decreasing the temperature from 60 to 25 C in the second step of & caustic
permanganste-Wyandotte 75 cleaning cycle reduced deconitaminaticn factors con siain-
less steel about seven but did not affect carben stieel decontaminsticrn. These
results are similar to those obtained previcusly with the APACE process when the
temperature was reduced from 90 to 60 C.

Uranium Oxidation sand Fission Product Volatilization

Fission product release from uranium irradiated to low level and heated in an

inert atmosphere was further investigated. Results are incomplete but are expected
to yield information on the mechanism of fission product releass as well as yielding
more data on the total amounts relesased.

Equipment is being readied for a meltdown test on a "cold” full scale aluminum clad
Hanford fuel element held in a Zircaloy tube. The purpose of test will be to ob-
serve the mode of meltdown and to determine the intermetallilc reasction prcducts.

HW~60689, "Release of Fission Products from Uranium Heated In Air,” by R. XK. Hilliard,

was issued. The rough draft on the release of fission products in steam atmospheres
wag prepared.

~ DECEASSIFIED _ —
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The fecility for high exposure uranium experiments neared completion. Damage to
purchased compenents In transit caused some delay. Equipment %0 dissolve the
nighly irradiated specilmens and to sample the resulting solutilon was designed.

Effluent Decontamination

Research was initiated to obtain data that will assist with design of waste dispcsal
processes for the NPR reactor. Initial laboratory studies will be directed toward
the evaluation of decontamination with soils, such as would be utilized with crib
disposal. Soil reactions between strontium, ruthenium, iron, and cobalt isotopes

in typical decontaminating solutions will be studied first.

Aralytical Services
24

. Blood and urine Na“  was measured from its 2.76 Mev photc-peak by gamma spectro-

photometry.

Carrier-free Te-I+32 yms prepared for mulbichannel aspalyze» calibratioa by modifying
a USNRL DL-TR-312 method. After Dowex-1l adsorption of Te, it was eluted with diiute
hydrochloric acid, adsorbed from 2 N HC1l by Dowex-50, and finally eluted with dilute
nitric acid. Having Te in the nitric acid system aveoided volatilizing {(losing) Te
during calibration.

Serzitivity of impurity determinations on helium gas has been reduced tc the pom
range. JImpurities were concentrated by trapping at liquid nitrogen fempsratire at
the 100-DR Gas Maritime Loop. The charcoal trap was held at -195 C durirg delivery
to the 325 Building for gas caromatcgraphic analysis. Impurities included aitrogen,
oxygen, carbon monoxide, and carben dioxide. A Seckman Two-Column Valwve permitmned
usirg a single sample. After using e molecular sieve cclum for mos+t lmpurities,
C0p, was subsequently determined by switching to a silica gel column.

Beginning at month end, regular apalysis of P32 concen*raticns in farm preduce was
hegun. Ashed samples are being dissoived in nitric acid and phosphorous is being
separated as magnesium ammonium phosphate for beta counting. Yield has been $6-98
per cznt.

Sulfur and chlorine were found by X-ray spectrometry in s 10 mg quactity of material
found in a cross-header at 100-D reactcr. Zinc and magnesium each represented about
0.5 per cent of the material. Emissicn spectrography alse showed traces of calceium,
copper, and iron.

A significant number of physical properties - viscosity, density, thermel conductiv-
ity, vapor pressure, freezing point, boiling point, and heat capaclty - have bzen
determined for numerous decontaminating solutions of New Production Reactor interest.

Ionivm apd Protactinium. Special method development and applicaticn were continued.
Ezsentially pure Pec<ili activity was obtained. Protactirium-233 fracer experiments
indicated -, 90 per cent recovery can be expected in uncomplicated chemical systems.
A solvent extraction method and an ion exchange method wers employed to separate
chemical thorium from samples. Therium (chemical) spike recovery varied widely

o

. E.
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with sample type. Sulfate was found seriously to affect tne normal resin absorption
behavior of thorium. Along with thorium smalysis alpha disintegration rate of
purified thorium fractions is being used to estimate the Th230/The32 isotopic ratio.
Refined measurements await mass spectrometer calibration.

SEPARATIONS PROCESSES

Dissolution of Nickel Coating

As noted previously, nickel coatings deposited on aluminum by the Kanigen Prccess
convert rapidly {five minutes or less) to an equilibrium form when heated to 300 C
or above. Dissolution of coating in the equilibrated form occurs much more rapidly
in dilute nitric acid than does the "as depcsited" form. A survey of equilibrated
coating dissolution rate vs. nitric acid concentration in the range 0-1 M was made.
Calculations based on these rate data, similar rate data for the dissclution of
ingot uranium, and on the surface area of uranium normally present in a dissolver
heel indicate that a 0.5 mil coating could be removed in one hour in beiling,
dllute (< 0.2 M) nitric acid with a loss of uranium to the solution of less than
J.1 per cent of the heel.

Processing in Bot Semiworks

Miniature mixer-settler tests of a potential flowsheet for recovery and purificaticn
of plutonium-238 and neptunium-237 by TBP solvent extracticn in Hot Semiworks
equipment indicated excellent recovery of both materials and adequate fission pro-
duct decontamination. The flowsheet version tested in these runs assumes dissolu-
tion of the irradiated NpOo-Al targets and adjustment to a feed compositicn of '
1 M HNO3, Q.75 M Al(NO3)3. This feed (at a relative flow of 100) is contacted
with 30 per cent TBP con%aining Q.01 M nitrous acid at a relative flow of 30 and

at a temperature of 40 C. Under these conditions of low acidity and high nitrous
acid the neptunium is converted largely to inextractable neptunium{V) and remains
in the squeous waste. Plutonium is efficiently extracted, however. Further parti-
tion of plutonium and neptunium is accomplished in the scrub sectlon where tn2
organic stream (at a relative flow of 50) is contacted with & low acid (0.5 M HNO3)
scrub at-a relative flow of 25. The plutonium is stripped from %the crganic in a ’
second column in which the organic extract is contacted with 0.3 M HNO3, 0.0l5 M
ferrous sulfamate, 0.02 M sulfamic acid at a relative flow of 25.

In a miniature mixer-settler run using neptunium-237, plutonium-239, aund ca. one
per cent level fission moducts, the plutonium loss to the agueous wasite in The
first column was only 0.02 per cent while the loss to the organlc waste in the
second column was oaly O.00k per cent. Decontamination facters were >7.4 x 103
for Zr-Nb, 55 for Pu, 370 for Np, and 120 for Pa-233, {the daughter of Np-237).
These decontamination factors are considered quite adequate. The low ruthenium
deccntamination is to be expected for these conditicons of low acidity and the
necessary additional ruthenium decontamination should be readily obtained in the
final (spin) plutonium cycle where the extraction column will be operated at
conditions of high acidity. :

DEGEASSIFIED
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In this flowsheet, the neptunium-bearing aqueous waste from tke first column is
acidified and the neptunium recovered and partially decontaminated by a conven-
tionsl neptunium(IV) TBP extraction flowsheet very similar to that used for the
past several months to recover neptunium from the Purex plant. A miniature
mixer-settler test of this flowsheet with the waste from the above described run
{adjusted to 4 M HNOs3, O M Al(NOB)B) gave very low neptunium waste losses of
0.1 per cent to the extraction colufin aqueous waste and 0.06 per cent %o the
strip colum organic waste. Decontamination factors were 1.2 X 103 for Zr-Nb,
2300 for ruthenium, and >5000 for plutonium. Since the neptunium product from
this operaticn will be processed through an anion exchange cycle for final
purification, these decontaminations should be more than adequate.

It iz believed that this flowsheet, which is compatible with existing or slightly
modified Bot Semiworks equipment, minimizes the possibility of difficultiss arising
from processing the highly alpha-active plutonium-238. The magnitude of effects
produced by the high alpha activity of plutonium-238 in this and other potential
solvent extraction flowsheets will be evaluated in experimental studies planned
for the near future and employing three grams of plutonium-238 recently obtained
from the Savannah River Laboratory.

Anslytical Services

Stack gas measurements of I131 and Rul03-106 were made by gamma spectrcmetry and
compared favorably with the rcutine beta counting results. Use of gamma techniques
eliminates four distillations. A one hour reduction in analysis time has, thus,
resulted from replacing daily beta counting with gamms energy analysis plus &,
weekly total beta analysis.

WASTE TREATMENT

Semiworks Waste Calciner Protofiype

The fluid-bed calciner operations were initlated using zimulated ICPP waste
(2.0 M AL(NOg)3, 1.0 M HNO3, 0.15 M Nali03) as feed end ICFP waste semiworks
produced calcine as starting bed materiaf. Four runs, each 4.3 o 6.3 hours’
duration, have been completed. Bed temperature in all runs was 500 £; feed
ra*tes wera 10 4o 20 liters/hour. Operation of the calciner has been relativsly
smooth and trouble-free.

Superficial fluidizing alr velceities of 0.5 to 1.5 ft/sec have been tried. Minimum
fluidizing air veloeity is about 0.3 ft/sec and veleccities of 0.5 to 1.0 ft/sec have
provided geod fluidization. This compares to about 1.5 ft/sec requirements for
adequate fluidization in 6-inch-diameter calciners at other sites. Velocitles

akbove about 1.0 ft/sec result in excessive slugging at the bed height tested

{about 28 inches. expanded). As a result of these lower-than-expected fluidiza-
tion air rate requirements, modifications in the fluidizing gas desgign are 1In
progress and modifications in the scalping cyclone design are cootemplated.

In the runs thus far fines from the scalping cyclone {about 10 per cent by weight
of tMMrsede-overflow "product”) have not been returned to the bed. This condition

123342b
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requires that seed material be formed within the bed by either attrition or
atomization or both. Despite the lack of fines returned to the “ed, particle
size in the hed can be reduwced to undegirable sizes by atomizing air to feed
volume ratios of about 360. Particle size build-up {including excessive
agglomeraﬁion) cccurs at atomizing air to feed ratios of about 250.

Untapped "product bulk densities have ranged from 0.67 to 0.80 g/cc, with the
density gepnerally increasing with decreasing atomizing air rates. The untapped
density of the fines removed by the ascalping cyclone has ranged from 0.2 to 0.45

g/cc.
ANL Fluid-Bed Calcination Studles

Exploratory studies at ANL on fluid-bed calcination of simulated Purex 'formaldehyde-
%illed’ and threefold concentrated acid waste have been concluded. A summary report
is being written by ANL perscnnel.

Studies reported this month consisted of two S-hour runs using a 100 : 1 diiuticno
of ICCP waste as radicactive tracer in the feed. Both runs wsre at a bed tempera-
ture of 500 C and a feed rate of 4.8 1/hr. One run was made with 120 g/l sugar in
the feed while the other contaired no additive.

During the run without sugar the Venturi scrubber and adscrber were by-passed.
Radiation from half-hour samples of filter deposi%s from the total flew cof gas was
measured at 150 mr/hr by portable counting instruments. The run with suger was
made with only the adsorber by-passed and negligible count was detected on the
sample filters. The samples in both cases were collacted just upstream from the
AEC" filter. Both runs were smooth ard uneveniful with apparent satisfactory
particle size control and negligible particle agglcmerate formation.

It may be generally concluded frcm the ANL studies that fluid-bed calcination of
Purex waste is entirely feasible. The major problems encountered (agglomerate
formation and solids build-up on the nozzles) have been partially overccms and
appear solvable.

Waste Solidification

Further experiments have been completed on the calcination of Redox waste and on

the conversion of this waste to a glassy solid. The additica of sodium {Ne:Al = 2:1)
and phosphate (to form orthophosphates of the cations) was fourd to give a glass
vwhich melted at about 900 € and had a asclubility of only 0.2 weigh® per csnt [the
lowest of any of the glasses formed from Redox waste}.

Special Geological Studies

Preliminary appraisal of the Washington State University seismic gecphysical fests
made QOctober 13-16 disclosed that most of the geologic features of concern and
bearing on Henford waste disposal can be located by seismic methods. Three sites
were tested, (1) adjacent to well 699-1-18, about two miles south of the Hanferd
Wye5§3neiion of Routes 28 and 48, (2) adjacent to well 699-24-33, about three

o0+ DECLASSIFIED N
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miles southeast of the scutheast corner of 200 East Area, and {3) south of well
£99-2L-33, about three miles east of 200 East Area. The latter twe sites thus

lie above that part of the 200 Bast Area ground water mound where traces of ground
water ccntaminants have recently appeared.

The surface of the Ringold formation was readily located by refracticn methods in
two of the three sites where the topmost Ringold beds are cempact, locally cemented
gravels. At the third site, near well 659-24~33, the topmost beds are unconsoli-
dated silts, sands and gravels of the lower portion of the Ringeld formation; the
Ringold surface was here less resdily distinguishable.

The river channels incised into the top of the Ringeld formation are apparently
readily traceable. Geneyally those channels lie within the compact Ringold gravels.
The ground water table was evidently also detected though with considerable uncertainty.

Reflection shooting at the first two sites was necessary to detect the bagal®t
surface. Results were excellent. A shot in the bettom of well 699-1-18 also pro-
vided reflections from two horizonsz within the upper part of the basalt series,
and one reflection evidently from greater than 10,000 feet in depth.

Detailed evaluaticn of the results is underwsay by the WSU geophysicists.

Observation Wells

Tre test well sampling and analytical program was reviewed and proposad revisions
circulated to interested parties for comments. Revision of the present program

has been undertaken with the objective of continuing -the ground water monitoring
program at its present high standard while at the same time realizing an appreciable
econcmic savings.

Attempts to determine the source of contaminetion appearing in three wells, two o
five miles southeast of 200 BEast Area were unsuccessful. The wwe likely sources
are: waste from the 216-BY cribsite which, in 1956, had been detected in this
-area, and Purex.waste from the 216-A5 and/or 216-A8 cribs which may be moving in
this directicn due to decreased disposal of cocling water to ths B swamp over

the past year

Disposal to Ground

Latoratory tests ave underway to confirm previcus estimates of the expected life
of the 216-8-T7 crib. A recently collected aliquot of Redox, caustic-neutralized
D-2 waste is the influent to three laboratory scil columns. The columns ceontaln
composited soil samples from a well &illed near the crib. At a flow rate of 0.35
gal/f+ /hr these columns have received about 130 column veolumes of solution.
Partial aspalytical data indicate no detectable radicstrontium hreakthrough after
75 column volumes nor detectable radiocesium breakthrough after 125 column volumes
of throughput. These dats tend %o confirm the long life estimated for this crib

previously.

F RS-
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TRANSURANIC ELEMENT AND FISSION PRCIUCT RECOVERY

Fission Product Isolation and Paclaging Prototype

The nydrolyzer modifications discussed Iin last morth's report were completed.
Initial testing of the modified urit has indicated that *the unit can be operated
to avoid producing the "mestic" compound encountered in previous runs. Dried
powder has been satisfactorily discharged from the unit. However, significant
amounts of product are carried ou®t with the reactor off-gases. Currently, studies
are in progress to develop operating conditions which will minimize entrainment
from the unit. Studies are also pilannsd to determive whether cesium can te vola-
tilized at the extremes of operating conditionms which may exist in the hydrolyzer.

The modified hydrolyzer was alsc %tested to determine whether it could be nsed as
a replacement for the cesium chloride crysial dryer 1c which caking difficulsies
have been encountered. Using sodium chloride brine as a stand-in for cssium
chloride, the unit successfully produced fine free flowlng salt at anticipated
production rates.

Multicurie Cell Investigations

A batch experiment was run to test operability of the Qak Ridge di-{2~ethylhexyl)
phosphoric acid (DZEEPA) strontium recovery process with actusl Purex IWW. The
principal object of the experiment was tc determine abilify t¢ sxiract stroa=iun
- from tke plant sclutiocn, ccalescence pehavior of the agqueous-orgacic dispereinn,
and the extent of extraction of the other fission product elsmen<s. Onz volume
of 1WW {actually supernate from a high-acid cerium sulfate strike) was mixed with
one volume each of 1 M tartaric acid and 5.8 M sodium hydroxide %o yi2id a rearly
neutral solution which was a clear reddisk-brewn color. This solution was oon=
tacted with an equal volume of 0.3 M DZEHPA, C.15 M TBP, Amscc sclvant. AfTsr
stirring for atout cne minute, the phases required about 15 minutes for compleie
gseparation. No sclids were de%ec*ed in either phase, ever after standing crrarnight.
Ninety-five per cent of the strontium was extracted into thy crganic phase along
with two-thirds, or morz, of *the cerium, ybtrium, and rare earths, and elevan
per cent of the cesium~barium. Extracticn of ruthenium and Zircorimm-piohium waz
negligible. From these results it appears *hat DEZEHPA recevery cf sirontium
from tartrate stabilized 1WW is probably a practizal process but that eitler
prior or subsequent separaticn from rare earths will be raquirsd.

Cerium~Promethium Reccvery

The laboratory development of the veroxide-acetate process f£or the ssparation of
cerium from the trivalent rare earths was ccumpleted. This was followed by 2
successful full-scale Purex plant test which fully corrctorated the resuits of
the laboratory experiments and demcrnatrated *that this process can be used {in
donjunction with the cerium double=-sulfats process) for the rzcovery of either a
cerium or a2 promethium concentrate in the Purex plant.

HASSIFIED ——
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The work is described in detail in an invention report, HW-62Sh7, and a formal
summary report, HW-62505, The Separation of Cerium from the Trivalent Rare Earths
Using Hydrogen Peroxide and Sodium Acetate, By E. J. Wheelwright and N. C. Howard.

Strontium Recovery

The path of strontium in the rare earth double-sulfate process has been under
intensive study in an effort to devise a strontium recovery scheme which will not
require precipitation and centrifugation of the iren which is present in such
large amounts in IWW. It was found that the fraction of the strcntium that co-
precipitates with the rare earths can be greatly increased by increasing the sul-
fate concentration to a value higher than is required for rare earth recovery
alone. Stron%ium recoveries of 75 to B0 per cent were obtaired by butting the
sulfate content of synthetic 1WW to 3 M with sodium sulfate, partially neutralizing
to pH 0, and digesting for two hours at 80 to 100 C. Without partial neutraliza-
tion, but with the same sulfate concentration, strontium recovery was only about
L5 per cent. The higher sulfate concentration is not necessary for, and 1s not
deleterious to, good cerium-rare earth reccovery. Substitutlon of -othsr soluble
sulfates for sodium sulfate was also tried. Lithium sulfate gave slightly
higker strontium recovery than sodium sulfate, but ammonium sulfate, alumipum
sulfate, and potassium swifate all gave much inferior recovery.

On the basis of the above preliminary results, it is believed that a workable
acid-gide strontium process can be develaoped.

Neptunium Chemistry

A series of summar— reports and journal articles are being prepared summarizing
the work that has ceen done on the species, spectrophctometry, and sclvent
extraction of neptunium and uranium species.

Analytical Services

Vields of neptunium, occurring with high salt content and a ZrNb preponderance,
suggested a need for sharper separaticn chemistry. Thirty v/o TLA extracted 99 per
cent of the Np from 3-5 M HNO3, but water stripping of the Np + removed only

50 per cent, (compared tc 95 per cent from 10 v/o TLA). A tetier stripping method

is being gought.

Greater uniformity in the elution rate and purity of Pm;MT, separated by chromato-
graphy, was accomplished by preliminary batch adsorption of the separated R.E. Y
fraction by a small fraction of Dowex-50, X-4, 200-400 mesh resin. It was water-
washed and added to the resin column for chromatographic separation bty 1M lactic
acid at pH of 3.35. Promethium fractions were more than 399 per cent pure. Dupli-
cate analyses of six samples showed differences ranging from 0.4 to 29 per cent
with an average of 13.4 per cent.
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ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Alpha Energy Analysis

A report entitled, "The Operation and Maintenance of an Alphsa Energy Analyzing
System,” (BW-60974), has been issued which describes the Hanford alpha energy
analyzer and the present status of alpha energy analysis technique. The key
components, of the Hanford instrument, the chamber, power supply, and preamplifier,
were designed and developed to provide high stability and reliability with a mini-
mun of maintenance. Although a resolution of about 30 kev is possible with a
gridded ion chamber, a value in the range of 40 to 60 kev, which is entirely
adequate for most applications, is normal for the Hanford instrument. The back-
ground counting rate of the chamber is less than 0.1 count per minute per 100 kav
energy interval and the energy drift rate of the entire system (including muiti-~
channel apnalyzer) is normally less than 20 kev per 24 hours.

Alpha energy analysis 1s used at Hanford principally for analysis of isotopic
mixtures of thorium, uranium, plutonium, americium, and curium.

Analysis of Contents of 55 Gallon Drum. Another oil drum painted and marked as
containing radicactive wastes was found by the AEC. Analysis of the contents by
this laboratory confirmed the suspicion thet it wag & hoax. Alpha, beta, and
gama activities were below detection limits.

Preparation of Standard Radioisotope Sources. The businesgs has increazed to &
24 hour per week effort. This month the following were prepered:

No, Isotope Activihy Mount Customer
L5 Pue39 up %o 0.003 me  sxs dishes Regional Monitorirg
3 RalEF 0.003 nc filterpaper Regicnal Monitoring
3 prs. Puc39 0.00L ne filterpaper Regional Mcni*cring
3 1131 up to 0.02 ne active charcoal. Radicloglcal Development
100 0313? 5 x 10-3 soluticn Instrument Research and
) Develcpment
25 113 - soluticen Instrument Research and
' Develcpment
L Pu?39 0.25 ne solution Instrument Research and
Development

1WW nickel was determined from the brown Ni dimethylglyoxime's transmittance at
455 m p. Sample size was restricted to 0-10 ug of alckel to reduce radiation

The thermal ionization mass spectrometer indicated the precision of UR30 measurement
in natural uranium to be + 0.0l5 to 0.055 per cent, &bsolute. Actual U237 content
was found to be 0.695 to 0.702 per cent, compared to the "accepted” value of 0.7115.

DECLASSIFIED -
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EQUIPMENT AND MATERIALS

Corrosion of Potentisl Valve Surface Materials in 100 Per Cent UNE

Corrosion rates for a serles of metallic materials in 100 per cent UNH at 120 C

were determined t¢ establish whether the materials could be used as valve faces

in this environment. Blgilloy, A-55 titanium, 17-4 Ph, 17-7 Ph, and 43C stainless
steels all corroded at less than 0.5 mils/mo. Corrosion rates for Hastelloy C,
6060-T6 aluminum, and cemented tungsten carbide were gbout 1, 70, and 80 mils/mo,
respectively. Although having a satisfactory corrosicn rate, A-55 titanium probably
could not be used for this service unless treated to reduce its galling tendencies.

Tank Materials for Interim Storage of Purex 1WW

Corrosion studies pertinent to interim storage of Purex 1WW were continued.
Candidate materials of constructiocn were exposed to bolling similated Purex 1WW
in which the sulfuric acid concentration was varied from 0.0 to 1.6 M. Zircon-
ium corroded at rates less than 0.0l mils/mo at all sulfuric acid concentrations.
All other materials tested, A-55 titanium, 304-L, 306-L, and 316-L stainless
steels, showed gome increamse in corrosion rate as sulfuric acld concentration
increased. Rates for the steels were in the range of 5-15 mils/mo; rates for
titanium were from 0.0l to 0.2 mils/mo.

When syanthetic Purex 1WW wae concentrated to ca. 30 per cent of its original volume,
large quantities of solids (50 volume per cenET were formed. Coupons of the above
metals were exposed to the slurry at boiling point (total reflux) for about 200
hours. The coupons were placed on the bottom of the test flasks and were completely
covered with solids during the run. Weight loss corresion rates were from one to
four mils/mo for the three steels, about 0.3 mils/mo for titsnium and 0.0l mil/mo
for zirconium. However, pitting attack was apparent for the steels and titanium.
Penetration rates from four to eight mils/mo were observed for the steels and two
mils/mo for the titanium. When exposed to dried solids from concentrated Purex

1WW at temperatures from 250 to 550 C, the stainless steels ccrroded at rates
increasing from 0.0l to 1.0 mil/mo. No piltting attack was observed. Titanium
corroded at less than 0.05 and zirconium at less than 0.01 mil/mo at temperatures
up to 450 C; at 550 C both metals showed severe atiack amounting t0 grester than

10 mil/mo penetration.

Several possibilities for storing partially "neutralized” Purex 1WW exist. Three

of these were examined from a corrosion standpoint. All involve formaldehyde de-
struction of nitric acid to zero molar free nitric acid. Purther treatment iavolves
(1) none, {2) add caustic to zero molar sulfuric acid, (3) add caustic to zero
molar sulfuric acid and concentrate 60 per cent. In voiling solutions simulating
these three cases, zirconium and titanium corroded at rates less than 0.0l mil/mo.
Stainless steels 304-L and 309-L corroded at rates of 0.2 to 0.5 mil/mo under

case (1) and (3) conditions and 0,05 mil/mo under case (2) conditions.

Corrosion rates in simulated Purex 1WW containing no sulfate were determined at
nitric acid concentrations rauging from 0.0 to 6 M. PFerric nitrate, instead of
ferric sulfate, was used in preparing the solutions. Both titenium and zirconium
- |
e
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corroded at rates less than 0.0l mil/mo in all solutions. Corrcsion rates for
304-L and 309-L increased from abcut 1.0 tc about 10 mil/mo a&s nitric scid
concentration increased from 0.0 to 6 M.

23k-5 Powder Trangfer Cyclone

Testing of a 2-1/2-inch-dismeter "reverse" cyclone powder transfer device continued
(previously reported in August). The latest cyclone was made of Teflon 1) and
employed a 7/64-inch-diameter tangential inlet and a 1/2-inch-diameter outlet tube.
Twenty~-four, one-kilogram batches of cerium flucride powder weres iransferred
successfully to a receiver using dry air as a fluidizing medium. Inspection of
the cyclone after the transfer shows that a thin (approximately 1/16-inch) bard
scale forms on the cyclone walls. This scale does not impair cperation, nor dces
it continue tc build up on continued use of the cyclone. Pluggage of the fluid-
izing air inlet dces not occur if the powder is fed at a ceantrolled rate. Using

a star valve feeder, a powder transfer rate of 300 g/min was nused in the tests,
Air requirements were 4 scfm.

234-5 Dust Cyclone

HW-62480, "Testing of Miniature Cyclones for Possible 224-5 Dust Separaticn,”
(Secret) was issued.

Magnétic Pulser Study

An exploratory model of a magnetic pulser was assembled and succeszfully operated.
The device consisted of an electromagnet on each end of & short stainlass steel
cylinder containing a free piston of stainless steel jacketed iron. The piston
is four inches in diameter and the clearance between the piston and cylindsr is
approximately 10 mils. The stroke is 0.209-inch, thus, the displacement ig 2.6
cubic inches per stroke. The actual displacement in a 3/8-inch-diameter tube
connected to the piston was Q.4 cubic inch per stroke.

Bearing Testing

At the request of the Coolants Systems Development Operation, Graphitar 1k was
evaluated as a material for reactor coolant canned motor pump bearings. The tests
indicated that the Graphitar is attacked by caustic-permanganate decontaminating
soluticons which may be used in the test loop. The evaluation report recommends
pile graphite as a suitsble bearing material for use with the deconftaminating
solutions tested.

Non-Metallic Materials Testing

A rubber diaphregm from a Hammel-Dahl valve was irradiated and installed in a valve
for testing. The test consisted of cyclic normal operation of the valve with pslg
air. AfWP 2.17 x 10° r total dose, the diaphragm ruptured on the tenth cperation
of the valve. :

(1) Registered Trade Mark of the duPont Company
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PROCESS CONTROL DEVELOPMEITT

C-Column Instrumentation and Programming Studies

The window spacing of the traveling photometer sample cell was increased from
0.0050 to 0.007h4 inch to increase the uranium sensitivity of the instrument. Al-
though this would appear to decresse the phase separation characteristics of the
instrument, the windows are still sufficiently close to prevent the organic phase
from passing through the light beam, except in the form of spherical bubbles.
Apparently, as long as the organic phase is in spheres and does not wet the
viewing windows, it does not affect the analysis of the continuous agueous phase.
The only effect of the organic bubbles is a slight decrease in both the read out
and the standardization values as the light beam is scattered, but the difference
between the two readings indicating the uranium concentration of the agqueous phase
repains constant.

Tro.bleshooting of the Data Scanning Programmer was completed this month. Several
scans were msde with the Programmer using a simple analog of the C-Column instru-
mentation to determine the time that will elapse during an average scan. About
8.5 minutes will be required per scan of 30 points.

Resin Level Detector

Laboratory tests of the Resin Level detector are 80 per cent complete. Tests were
made to determine the change in sonic velocity as a function of acid concentra-
tion and temperature of solution in the column. The data indicates a maximum
sonic velocity change of approximately five per cent from zero to sixty per cent
nitric acid over the temperature range 20 to 60 C. This small error eliminates
the necessity of having both the calibrating and measuring crystals in ths icn-
exchange column.

A remaining development problem is the design of a suitable crystal assembly for
the resin level service. Two experimental assemblies were fabricated, but both
were subject to "ringing" which mede measurements closer than five inches from
the crystal impossible. A ecritically damped crystal assembly will be purchased
from Branson Instruments which should minimize the ringing problem.

Contact Alpha Counter Prototype

The prototype contact alpha counter originally designed for use or a 2-inch Jjumper
has been modified for installation in a sample pot. Plans now are to install the
detector in the sample pot of the 1BP transfer jumper rather than on the Jumper
itself. This change 1s desired to minimize potential leakage that could result
from mechanical failure of the detector sealing device. All parts for this
prototype have been fabricated. '

12733934
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NON-PRODUCTION FUELS REPROCESSING

Mechanical Head-End Studies

Saw Studies. A power hacksaw employing a "two piece” blade has been selected Ior
inclusion in the mechanical cell of the non-production fuels reprocessing program.
The selection was based upon the following major factors: {1} adequate performance
demonstrated in cutting “"hardware" typical of that encountered in the fuels to ke
processed at Hanford; (2) low equipment and blade replacement costs; and {3) pro-
duction of easily handled fines with a relatively low pyrophoric hazard.

Future hacksaw tests will determine the optimum conditions to be used in cutting
the "hardware” from the fuels to be processed at Hanford. Blade life will be
gtudied as a function of a number of variables inecluding: (1) plade configuratinrn,
(2) "hardware” type, (3) feed rates, and (4) cutting speeds.

Difficulties have been encountered when sawing the unsupperied rcd section (2amy
from tube sheets) of multirod bundles. Blade breakage has resulted when the cut
tubes are free to vibrate and bind the saw blade. A "potting" technique has been
investigated as a method of firming up an unclampable bundle so that cutting is
possible in the rod section of a fuel element. Studies iandicate that after the
section to be cut is cast in Plaster-of-Paris (calcium sulphate), it can be
easily cut by the hacksaw without noticeable blade damage.

Shear Basin Filtretion. Underwater shearing of NFF elewents is being investigated
to determine the nature and extent of contamipation of the bagin water with Ulp
particulates produced in the shearing operation. Tests made while shearing swaged
U0z rods show thaet 2 per cent of the U0, is less than 200 mesh and ig readily dis-
persed and suspended in the basin water. Approximately 0.0k per cent of the UCp
is finer +than three microns and has a very low settling rate.

Clean up tests were made on +he basin water using & porous bronzs filter znd a
commercial 3-inch-diameter hydroclone. The filier (une square foot in area,

45 micron pore size) removed essentially all of the UQp, but plugged quickly due
to the high concentraticn of sclids in the basin {approximately four pounds of

U collected). The hydroclone was affective in removing only tee larger soiids
(greater than five microns) in the feed and a cloudy overflow discharge regultad.
A 1-1/2-inch hydroclone is being constructed for further testing and initial
studies will use lead oxide as a stand-in for UO5-

Shear Studies. Shear studies with & male Vee blade equipped shear have been
temporarily discontinued because of design inadequacies of the test shear. Repeatsd
jamming of the shear occurred during two months operation with Vee blades since

the shear design permitted minor deflection of the point of the Vee blade as it
passed through the rod bundle. Shear redesign, currently in progress, will pre-
vide more rigid blade support and better guidance of the moving shear platen.

DEGLASSIFIED
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Pending fabrication of the redesigred shear, shear studies will include: (1) energy
measurements for the high-speed shear using a straight moving blade, (2) comparison
of blade life for high-speed and slow-speed shearing.

Feed Preparaticn

Zirflex Process. Studie# on the stability (toward solids formation) of sclvent
extraction feeds prepared, following a Zirflex decladding, show the desirability
of minimizing the amount of decladding solution carried forward intc the core
dissplver solution. This is particularly true if 1t is desired to cperate the
solvent extraction system with feed scluticns having pH greater than zero. The
maximum pH attainable without solids formation in typical feed solutions contain-
ing only C.05 M total zirconium was between C-0.3. Higher concentrations of
zirconium restrict the maximum attainable pH to even lower values.

Trace concentrations of sodium ion do net affect the disscolution rate of Zircaloy-2
in 4 M NE,F - O.5 M NH,NO3, but concentrations in excess of 0.1 M reduce the
dissalution rate markedly. TFor concentrations up to 0.1 M, dissolution rates were
in excess of 25 mils/hr; for concentrations from 0.15 to 0.50, dissolution rates
decreased from 2.9 to 0.25 mil/hr.

Total Dissolution of Zirceloy-2 Clad Fuels. PFurther studies on total dissolution

of Zircaloy-2 clad fuels have sought t¢ define solvent extraction feed compositions
stable toward solids formation. The procedure involves Zirflex dissolution of
Zircaloy-2 claddéing followed by UQz core dissolution through addition of nitric

acid and aluminum nitrate. 3table feed solutions can be prepared from a Dresden
fuel {or any other having comparable Zircaloy-2 t¢ uranium mole ratio) with uranium
concentration ca. 0.5 M, free acid coneentration ca. 1 M and an aluminum to fluoride
mole ratio about one. Higher AL/F mole ratics or lower nitric acid ccncentrations
rezult in precipitate formation.

Dissolution of U-Mo Allcys. The Piqua Reactor fuel will consis®t of U-2.75 w/o
Mo-0.1 to 0.2 w/o Al alloy cores clad in aluminum. Silicon may be substituted
for aluminum in the sores. Studies with U-3 w/o Mo-0.2 w/o Al and U-3 w/o

Mo-0.2 w/o 8i alloys (prepared at HAPO) show that the nitric acid-iron{III)
nitrate ccre dissolving end feed preparation procedures alresdy established for
U-3 w/o Mo alloy apply equally well 4o cores containing these amounts of alumioum
or silicon.

Recirculating Tube Dissolver. Two runs were made to determine the effect of
recirculation rate oa the dissoluticn of Zirecaloy-2 in Zirflex solutions. Charges
of Zircaloy-2 tubing were dissolved in 4 M NHyF - 0.35 M NHNC3 at recirculation
rates of 20 and 65 gal/min, respectively. Approximately 60 per cent of the
Zircaloy dissolved in the first hour in each run indicating no apparent difference
in dissolution rete. A maximum dissolution rate of 38 mils/hr was attained
corresponding to a predicted maximum rate for a bateh dissclution of 4O mils/hr.

Recirculatiou of cold Zirflex solutions at 20 and 65 gal/min was provided by air
sparg® %8s or 14 ard 34 scfm,respectively, at 1ift to' submergenze ratio of 0.5.
Air rates of only 6 and 1hk scfm were required to provide the same recirculation
rates for the heated solutions during reaction.

1233930
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Billets of sintered U0o wers diszolved from a 15-inch high, 60 per cent void veolume,
packed bed using an excess of ¢ M HNO,. An average reciroulation rate of 35 gal/min
was maintained through the bed. The dissclution rate during the run was esssntially
constant at 210 mils/hr. This was almost identical to the rats predicted from
batch date of 205 mils/hr.

The cold nitric acld charge solution (sg 1.3) was recirculated at 20 gal/min by an
air rate of 28 sefm at a lift to submergence rasioc of 0.4, Orly & scfm of air was
required to recirculate the hot nitric acid - UNH solution {sg 1.35) at 40 gal/min
and & 1ift to submergence ratic of 0.5.

Glass Column Hydrauliecs Studies. Modification of the glags column to simulate a
two-barrel dissolver with a common reservoir was completed. Initial charging of
the system was made with non-uniform beds of U0, having calculated voids of 25
per cent. Flow could not be readily establizhed with the air sperzer gecmeiry
employed at the base of the beds. The sparge heads geomstry has been modified
and the location made adjustabie.

Although flow in the tubes could be established with the alr sparge heads just
above the bed, considerable difficulty was experienced with foaming. The axcsssive
Teoaming is attributed to 03l entrainment in the sparge air and use of rlain water
as the aqueous phase. Air filters have been installsd toc permit further study of
this problem. '

Hydrasulic rung are under way using uniferm beds of U0p pellets. Evaluatlion of the
data is oot complete, but the two tubes appear tc have an signifisant effect cz one
another.

Flooded Tray Dissolver - U-Mo Dissolution. ILaboratory studies ‘o dstermire razssons
for the formation of sclids in the first ccld semiwerks U-Me dissclution poirtel
4¢ inadequate iron(III) ion for +the terminal uranium and nitric acid concap<ration:
attained. Subsegquent analyiical data have confirmed this. Stadies on ~he re-
dissolution of sclids formed through use of coff-swaniard procedurss in nitris
acid-iren{III) nitrate dissclution of U-Mo alloys were made. Under ths conditions
used, 1% wag pecessary %o increase the dissclver seolution acidity %o ca. LM KEEOQJ
+o obtain complete redissciution of solids in a short time (10-15 mimutss). It

is not kXnown whether this is & mirimum acidity for s0lids redissoluticz under

other conditions.

‘In the pilet plant the gsuspensicn, prcduced by the dissoluticn oT7 U=-2 wio Mo alloy
t¢ & terminal supernatant compositicn of 1 M HNC3, 1 M UNH, C.07 M Mo and 0.9 M
Fe(N03)3, was treated in three steps to simlate’a typical feed adjustment prezedurs,

First, the suspension was acidified with nitric acid to dissclve the uracium-
molybdenum bearing precipitate. The precipitate disappeared at 2.9 M HNC3, O. 9M
UNH, 0.07 M Mo and 0.66 M Fe(NO3)3 although acid addition con‘lnued to 4.1 M.

The acid concentration was then reduced by concentration frem 4.1 to 3.2 M while
adding water to malntain constant volume. The condensate volume was two-thirds
the initial volume. The solution was then ccncentrated. to boil off acid. Preci-
pitate appeared at concentrations of 2.3 M H¥O3, 2.3 M UNH, C.18 M Mo and 1.7
Fe(NQQAEQk This precipitate wes essentially free of uranium.

DEGLASSIFIED
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Nine runs were made to determine the behavior of the equipment at near-terminal
dissolution cycle conditions. Analytical results and data analysis are inccmplete
at this writing.

Sulfex Process. Two additicnal Sulfex pilot runs were completed under noncirculating
dissolver conditions. Evaluation of run data is awmziting sample analyses; however,
the dissclution of type 347 stainless steel in 4 M HpSOy was accomplished at rates
comparable to those with type 304-L stainless steel.

In other runs, there was no evidence of the reaction starting with a charge of
30k-L stainless steel in about 2 M HpSOy. Examination of the charge revealed a
rild surface etching of the stainless steel with & corresponding weight loss of
about 5 per cent after an exposure of one hour to the dissclver soluticn. In
about 2.5 M HpSOy the reaction started readlly and proceeded uniformly at & rate
of 6~8 mils -=- slightly less than the rates attained in previcusly reported runs
at acid concentration of about 3.5 to 4.0 M H2S0L.

A bench-scale Sulfex run was made using & charge of 304k-L stainless steel. The
reaction was started in 4.0 M HpSQy with the stainless steel in contact with carbon
steel, after which the soluticn was diluted to 2 M HpSOy. The dissclution pro-
ceeded uniformly at a rate of 4 to 6 mils/hr. PFurther study of this technique is
planned during future runs in the pilot dissoliver.

In previous laboratory-scale studies all samples of UOo received have begen found

to contain small and variable amounts of material (presumably higher cxides) much
more readily dissolved by dilute swifuric acid than is UOp. This bas been altri-
buted to surface oxidation of the UQo by air and prompted some ccocern as to whether
it would complicate chemical processing of UQp fuels. Indications from & recently
completed experimental study are that it probably will not. With UQp irradiated

to ca. 1500 MWD/T and now cooled ca. ten months, it was found that the rate of
conversion to readily soluble oxides on exposure to alr at ambient temperature

can be adequately expressed by the relation

per cent converted = 0.02 (days)O‘AS
Thus with this material surface oxidation results in only very acrmal losses over
prelonged periods of storage in air. However, 1t should be recognized that radi-
ation effects could play a major role in such a reaction and extrapolation of the
above data to high exposure, shorter cocoled material is dangercus.

Zirflex Process

The rate of attack of UOp {irradiated to 1500 MWD/T and cooled ce. ten months) by
{(boiling 6 M NH4F, O.5 M NH&N03) was measured and found to be about two per cent
per hour. The penetratiocn rate (mg/min,cma) is about the same as was fournd for
unirradiated specimens of sintered and machined UC2. It should be noted alsc that
the rate of attack of UQp is not related to the loss of fissile material to tke
decladding solution. The latter is determined by the solubility of NHLUFs in the
decladding solution and is therefore independent of the rate at which UOp is
converted 1o NHQUFS- Likewise, speculation as to the significance of a two

i
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per cent per hour rate in relation to a potentlal 10 %o 15 hour decladding cycle
is likewise dangerous since earlier studies have shown that the formatior of a
coating of inscoluble NH&UFB on the surfaces of UO, tends to protect it from
further attack.

The rate of cxidaticn of uranium(IV) to the more soluble uranium(VI) in Zirflex
solutions exposed to air has been the toplc of recent experimental investigations.
It 1s found that the rate of oxidation is apparently dependent on the icverse
first power of hydrogen ion concentration. In addition to the cobvious expediert
of excluding oxygen from the clad solution, these data indicate that ultimate
ursnium losses t0 the clad solution can be reduced by adding nitric acid in low
concentration to the clad solution immediately after completing the decladding .
step. These precauticons are probably not necessary during the actual decladding
operation since earlier results indicate uranium{VI} is reduced to uranium{IV} by
dlssolution of Zircaloy=2.

Preliminary results indicate ancther advantage for adding nitric acid to the clad
golution in that the solubility of zirconium in the clad scluticn is thereby ir-
creaged. Adjustment of a synthetic Zirflex clad solution to 0.5 M (NHy)o ZrFg,
0.6 M NE,F, and 0.2 M NH,OH resulted in precipitation of a large fraction of the
zirconium as a gelatincus precipitate, leaving e supernatant of pH 7.6. The same
solution where NHLNO3 was gubstituted for NHLOH had a pH of 6.8 and is stable
toward zirconium precipitation.

Materials of Construction

Vacuum-melted Hastelloy F and Ni-o-nel coupons welded with vacuum-melted Ni-c-nel
filler rod showed no preferential weld me*al attack when exposed to boiling:

(1) 1 M HNO; - 2 M FF, (2) 3.5 M HpS0y, (3) 3.5 M HSO) - 10 g/i stainlass steel,
and (&) 4 M'NHEYF - 0.5 M NHyNO3. The Hastelloy F specimen showed some prefaerential
attack at the base metal-weld fietal interface when exposed fo Sulfuric acld without dis-
solved stainless steel. Similarly, Hastelloy-F welded with Hastelloy-F filler rcd
showe preferential weld metal attack in HoS0y cnly in the absence of dissclved
gstainless steel., Coupons of vacuum~melted Ni-o-nel were heat-treated for one hour
at temperatures from 1650 to 2100 F {inert gas atmesphere} and water juenched.

T™wo intersecting bands of weld metal were produced, by arc fusgion, on the facs

of each coupon after heat-treating. On expcsure to boiling 1 M HNO3 - 2 M HF

all coupons corroded at about the same rate (ca. 55 mils/mo as detefmined by weight
loss measurements ). In all cases, except the coupon heat-treated at 1650 F, pre-
ferential attack of weld metal adjacent to the intersection occurred. Anrea.iing
temperatures of 1550 to 1750 are cousidered optimum (by the manufacturer) for
air-melted Ni-o-nel. Air-melted Ni-o-nel corrcdes at about 230 mils/mo in boiling
1 M HNO3 - 2 M HF. '

A Haynes 25 bayonet located in a 321 Bullding tank containing nitric acid-iron{III}
nitrate solution suffered severe attack at the vapcr-liguid interface. Extensive
laboratory testing of 304-L and Hastelloy-F in solutions containing nitric acid
(2-5 M) and ircon(III) nitrate (0.2 to 1.0 M) nas disclosed no excessive Interface
attack.
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Precision of Level Messurements

Terminal reports on precision level measurements experiments and statistical analysis
of the data were issued. Report HW-62049, "Accuracy of Volume Measurements in a
Large Process Vessel," by C. L. Pleasance, describes the experimental measurements.
Report HW-62177, "Statistical Analysis - Accuracy of Volume Measurements in a Large
Process Vessel," by C. G. Hough, Operations Research and Synthesis, preseats a
statistical analysis of the experimental dsta.

Criticality Studies - Materials Preparation

The core materials for two shipments of 3 per cent U-235 enriched uranium trioxide
and polyethylene (H/U atomic ratic of 18 and 22, respectively) were prepared and
delivered. Bach shipment consisted of approximately 125 pounds of homogensous
mixture of uranium trioxide and polyethylene pellets.

REACTOR DEVELOPMENT - L0OOO PROGRAM

PRTR PROCESSING 1IN REDOX

Zirflex Process

Exposure of as-recelved 1.0 w/o plutonium-aluminum alloy to boiling 1 M NELF resulted
in dissoluticn of plutonium to & concentration of 3.8 mg Pu/l. No change in plu-
tonium concentration was observed on allowing the soluticn to stand at rcom tempera-
ture for one day. This observation agrees well with the terminal pluicnium concen-
tration of 3.3 mg Pu/l observed in a simulated integral Zirflex decladding operation
with plutonium-aluminum alloy.

Addition of urenium(VI) to a concemtration of 0.72 g U/l in the above 1 M NHF solu-
tion and exposure of this boiling solution to Zircaloy-2 resulted in precipitation
of uranium(IV), presumably as NH,UF:z, reducing the concentratior of plutonium in
the boiling solution to 1.4 mg Pu/i. On cooling the solution to room temperature,
further precipitation occurred, reducing the plutonium and uranium conceatrations
in the supernateat to 0.07 mg Pu/l and 0.06 g U/l. Thus, there is a possibility

of reducing plutonium losses in Zirflex decladding of plutonium~aluminum alloys by
either a uranium{IV) scavenging operation or perhaps by addition of uranium{VI)

to the dissolver toward the end of the decladding operaticn.

“Salt Cycle Process

The electrolytic reduction of UO,Clp in molten sodium chloride-potassium chloride
eutectic at 725 C was studied as a function of current demsity. Over a range of .
5 to 30 amp/dm?, no apparent effect on the product quality was observed, althoush
some variation in the crystal hablt was noted.

Preliminary analytical results indicate tbat the socdium potassium content of
electrolytically produced UQ, may be as much as tenfold greater than the chlorine
content.

b
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A stainless steel cathods was used in one run with wery littls Zorrosizn occurring
below the surface of the mels.

A topical report, "The Preparation of Uranium Pioxide from a Moltsn Sclution of
Uranyl Chlcride,” HW-62431, wes completed. This report summarizes chsmical ex-
periments *c date on the cyzling of UQp through molten NaCl-KCl acd peintz ous
possitble .rocess applications.

-

Aluminum Chloride~Alkali Chloride System

Continued work cn the distributicn of uranium tetween aluminum ani aluminum chlorids-
alkali chloridz systems has shown similar behavior of uranium in the sedium system
as in the potassium system except that the reduction maximum is less than half as
great. With an equimolar mixture of scdium and potassium chlerides, the distribu-
tion maximum {at A1/K+Na ratio of 1) lies intermediate between the values for the
godium and poi*assium systems.

The volatility of AlClz-NaCl sclutions was chserved to be much grea*er than that
of correspending potasaium salts. This is indicative of a higher aluminum chleoride
activity whichk would result in the observed decrease in the extent of reduction.

The high temperature spectrophotometsr will be used for studyirg the sclubilities
of uranium salts in molten salt systems and for developing information as to ths
species in solution. As = prelude to this work, the variation with temperaturs of
the spectrum of UCL, in molten KALCl), was studied. The spectrum is similar To that
of aqueous hydrochloric acid sclutiors of uranium{IV) in the absorption peaks a<
550 and 650 mu; however, at shorter wave lengths the absorpition peaks appear w0
bave shifted toward the tlue in the molten salt system. A strong abscrption at
602 mu 1s apparently unique %o the molien salt system acd may te indicative cf a
chioride complex unknown in the aguecus system. Although analysis of the tempsra~
ture dspendence has been only fragmentary, it is quite clear that zome peake ars
affected quite diffsrently by temperature changes than others, suggesming rernaps
the presence of more than cne species.

Continuous Ion-BExchangs Contsctor Develcpmert

Jiggler Contactcr. Toe abilibty of the jiggler ccatactor to recycle T M ENGs; and
resin at 3 net feed rate of 160 gal/hr-sq ft has been demonstrated using a pulze
frequency and ampiitude of 6-1/2 cyclez per minute and l-5f8-inches, raspectively.
Under these conditions a resin flow of 20 gal/hr-sg £t and a slip water/resin
flow ratio of 6.3 was mainialned.

Demonstration ¢f the performance of sn absorption~-slution cyzle is to be accomplisheld
by using two similar jiggler columms. The second cclumn has been designed, fabri-
cated, ard installed. It is & compound cclumn, four inches in diameter, using a
3=foct adscrption sscticn and 1-foo% scrub section.

Weiss Contactor. A new mechanical pulse gererator has been installed on the
3-inch-diameter Weiss-type ¢ontactor, permitting operaticn ai amplitudes up to
0.8-inch and frequenciss up to 200 cycles per minute. Resulis indicate stable
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operation and uniform resin transfer at fluid flow rates up to 100 gal/hr-sq £t
and resin flow rates up to 7O gal/hr-sq ft (wet settled basis). (A fluid £low
rate of 100 gal/br-sq ft is not sufficient for most plutonium adsorption column
applications, but is ample for the elution column. )

Cperation at amplitudes of 0.125-0.25~inch and frequencies greater than 150 cycles
per minute result in a semifluidized bed of resin on each support plate. Fluid
chenneling under these conditions should not be excessive.

Amplitudes greater than O.5-inch and frequencies less than 10 cycles per minute,
resulting in a mixer-settler-type operstion, may produce minimal channeling, but
the resin flow is more erratic. At lntermediate pulsing conditions excessive
channeling was observed.

 WASTE FIXATION

Radiant Heat Spray Calciner

Runs have been made with sugar addition to simulated high-sulfate Purex wasie %o
better define the effect of sugar addition on sulfate destructiorn. Phosphate was
net present in these runs. The results may be summarized as follows:

1. The addition of sugar results in the removal of approximately €C per cent
of the sulfate from high-sulfate waste.

2. As reported previously, the addition of oxygen decrs=ases the ability of
sugar to reduce sulfate. However, this effect was rnot as prcnounced as
in the earlier series with phosphate.

‘3. Addition of oxygen nesr the midpoint of the column resulted in increased
remﬂ?ﬁ!'of sulfate over that observed when the oxygen was added at the
top of the c¢olumn.

A pew Tilter section was designed during the month as was equipment for the study
of eddy diffusivity and back mixing in the column. These latter gquantities,
which are important to a theoretical understanding of the spray columm, will be
determined by addition of helium tracer followed by sampling snd analysis of the
gas at selected points in the operating column.

Mineral Reactions

Samples were obtained of Purex boiling tank condensate and submitted for analysis.
These were the first samples taken since the installation of surface condensers

cn this facility. These solutions were found to have 73 ppm total solids, in-
cluding scme insoluble materisl. Since this is much higher than would be expected
from the 10-5 entrainment calculated for these boiling tanks (about 4 ppm solids)
the reason for the discrepancy was studied. Later samples also contained undis-
solved solids. Iunvestigation disclosed a leaking valve on the A-8 proportional
sampler which permitted raw process water to mix with the condensate. The study
also disclosed some uncertainty regarding the representativeness of samples taken

123340412



oy c-21 ’ HW-E2587 o

by the existing sampler from the greatly reduced volume of waste now generated
since the condensate and cooling water streems are segregated. Part of the high
total solids and insoluble material found could be material flushed from the
surfaces of the c¢ondenser, but later samples should show a considerable reduction
in this event. This condengate waste will be used for laboratory studies of
waste decontamination with beds of clinoptilelite

The breakthrough of radiocesium from a small five-gram ted of clincptilolite was
compared with that from the 50-gram bed used for most of the laboratory regrarch
with this mineral. The beds tested were the same length but the flve-gram columns
had a smaller diameter. The breakthrough to date from the two 21zes of beds wers
the same within experimental accuracy. There was no evidence of wall effecis 1o
the smaller column as might be anticipated. These smaller beds will reduce the
volume of waste solution needed for experiments ard will resduce radiaticn lLevels
around the columns.

Work 1s planned to study some of the basic problems associated with fixation of wasie
components in solids. Some of the basic problems include: the effect of high femper-
ature and/or irradiation on crystal structures, the effect of radicactive transforma-

ion of lattice components on crystal initegrity, and the nature and stability »f
complex ions that form in some types of waste soluticns.

The CR In-Farm Scavenging Facility was cccupied and necessary alteraticns initiated.
Experimental equipment to study the decontamination of condenssie sirgams is being
readied and installation will begin in November.

BIOLOGY AND MEDICINE - £00C PROGRAM

Geology and Hydrology

The Washington State University seismic geophysical tests, by locating the surface
of the Ringzold formation, reaffirmed the differences in the in-place properiiss

of Hanford sediments, although drill-procured samplas ars cften nearly indistin-
guishable. This again emphasizes the .zportance of use of a varlsty of methods

in solving geclogic and hydrologis problems.

The velocity distribution through sediments containing highly permeable lensas of
sand or gravel was studied both with an electric analog field plotter and with a
laboratory flow meodel. A small metal bar was used to simulate a low resistance
lens on & sheet of resistance paper in the case of the electric asnalog. I was
found that even an isolated lene such as this distorted the flow rattern marksdily
and increased the calculated water movement rate. This same result was cbiained
with a flow model in the lsboratory. A column of Tine 501l wasg prepared contaic-
ing an isolated lens of permeable washed sand. Using a dye tracer it was fourd
that water movement through the sand lens was 25 times as rapid as through the
fine seil. This information greatly affects the method to be ugsed in caleuwlating
average velocities along non-homogeneous paths which may contain lenses of highly.
permeable material.

W 0&']45'3”-/[0
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Soil Chemistry and Geochemistry

Research was continued on the calcite-fluorite reaction to study some of the basic
relationships between system variables and radioisctope removal. A thin sectiocn
of calcite (CaCO3) partielly replaced with fluorite (CaFp) was photographed.

These photomicrographs clearly show the physical characteristics of replacement,
including preserved physical outlines of the calcite rhomb and diffusion of Co3~
and P~ along fissures in the calcite crystal.

Studies were made of the influence of pH, temperature, flow rate, fluoride concen-
tration, and calcite surface area on the removal of fluoride ion from solution by
celeite. The relative magnitude of these influences are in the order: temperature>
influent pH rcalcite surface area >flow rate >fluoride concentration. The removal
of radioisotopes from solution by this reacticon may not be influenced in this same
way since cother mechanisms may be controlling.

Equilibrium sorption of cerium from 4.2 x 10-7 M solution by soils in the presence
of chloride, nitrate, sulfate, acetate, phosphate, oxalate, citrate, and carbonate
anions wag studied as a function of pH. Of the anions studied, chloride and nitrate
(sodium salts) appeared to affect %o the least degree the cerium sorption. The pH
range studied in the case of phosphate, oxalate, citrate, acetate and carbonate
gystems was somewhat limited by their high buffering capacity. These accompanying
ions were studied in 0.5 M and 4.0 M systems. In solutions of strong electrolytes
cerium is precipitated in slightly acid and neutral solutions. The precipitate is
peptized into & flnely divided colloid in the critieal pH range from 7.5 w 10.5
unless the salt content is sufficiently high to prevent it. BSulfate and acetate
systems showed some relative decrease in cerium removal compared with chloride and
pltrate systems. In citrate and carbonate systems the reactions in the pH range
7.5 %o 10.5 were markedly different from those obtained in systems of strong slec-

_ trolytes. A pronounced decrease in cerium removal was evident in this pE range
from citrate and carbonate solutions. Cerium was completely removed from phosphate
and oxalate systems above pH L.0, probably because of a precipitation reaction
with these icns.

Ground Waste Investigations

The inability of the Hiester-Vermeulen equation to predict the behavior of soil
adsorption columns was studied further. The shape of breakthrough curves from

soil columns does not appear to change with increasing test column length in the

same manner as do those from beds of synthetic lon exchange resins or as predicted
by these equations. The possibility that this effect could be explained by non-
linear longitudinal d&ispersion in soill columns was +tested by column experiments

with nitrate solutions. Carefully prepared nitrate ion breakthrough curves from

scll columns of different sizes indicated that longitudinal dispersion was accurately
proportional to column length, so some other explanation of the phencmenon must be

sought.
The small experimental crib near Gable Mountain continued to receive calcium

nitrate solution traced with Sr85. More than 2200 gallons wers discierged to the
facilitvewdwy month end. The water table beneath this experimental crib hag been
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gradually rising during the course of these experiments. The elevation of the
water table increased above the tops of the screen sections of the well pointk.
This created uncertainty regarding the representativeness of samples from these
wells until the well points wers pulled to a position in which the screens ex-
tended above the water's surface. Nitrate ion has broken through into five of
the wells but the uncertainty concerning samples from these wells casts doubt on
the exact time of breakthrough. Ten*ative interpretation of the data indicates
little apparent difference in the lateral spread of solution from this erib and
that of the larger crib previously studied.

Field Apparatus Development®

The neutron soil moisture prove was further studied, using kpown molsture soil
compositions. Large scil volumes in the low-water content region were determined
0 be necessary for accurate calibration. Rescolution was adequate o permit
accurately locating & dry-soil wet-soil interface through a series of readings on
either side of the interface. .

Well drilling was completed at the Gable Mountain test site, and the necessary
preparations were made to conduct the well pumping tests.

Micromeritics

An elutriator was assembled and used to prepare fairly narrow size range ZnS
particles for use in particle deposition studies. Apparatus designed 1o measure
particle deposition in tubes was used in initial tests with results indicating an
unusually high deposition velocity. It will be necessary to. substantiate that
particle size distributions will not be appreciably distorted in transit through
the apparatus before firm deposition velocities may be reportsd.

A paper entitled, "Disposal of Industrial Radicactive Waste Waters &% Hanford,” v
L. C. Schwendimen, R. E. Brown, J. P. Honstead, D. W. Pearce was presented at the
Third Pacific Area International Meeting of the ASTM, in San Francisce, October 1%.

Radioisctopic Measurements

Measurements have been completed on a route by which Zn65 relagssed in reactor wasias
to the Columbis River may enter humans. Zo 5 was traced from the river to forage
irrigated by the water, to cows and the milk they produ.ce6 and finally to thoss
drinking the milk. Irrigation water containing 0.1 x 107 ue/ml resulted in akout
2 x 107 uc/ml milk., This milk ingested daily for five months at a rate of about
630 cc per day gave bedy burdens of 0.030 to 0.045 (average 0.036) uc in six indi-
viduals. Bioassay samples are being analyzed to determine the excretion rates

under these conditlons. '

An experimental addition of AsT5 (as arsenste) to two reactor “ubes during reaztor
operation was completed. The AsTO in the effluent water from these tubes was de-
termined in many samples &s the concentration increased as a result of the addition,
and the decrease of As76 concertration with time was Pollowed after the additicn
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had been terminated. These data have not yet been interpreted in terms of the
mechanisms of AsT? adsorption and AsTE release, but there is evidence that at
least three mechanisms are operating which appear to be first order reactions with
half times of about 40 minutes, 40 hours, and two weeks.

Since the cessation of weapons testing, the radleisotope content of local

vegetation has decreased about two orders of magnitude. The main measurable
radﬁﬁisotopes are now K4O (naturally oceurring), 2r95-mb35, ¢sl37, RulC6, ang

Celt, These radioisotope councentrations may be determined from a single gamma
energy analysis in the large {9-3/8-inch-dismeter) well crystal.

A Varian Electron Paramagnetic Resonance (EPR) Spectrometer was assembléed and tested.

Although signals have been received from several test samples, further work will
continue following the visit next month of the Varian techmnical representative.

?42/). /3('3‘552‘, \

Manager,
Chemical Research & Development
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310LOCY CPzrATION
A. CRGANIZATION ANT PSRSCHEZL
Yo significant changes occurred during Jetoter.

8. TEGINICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 FHOGRAM

SICLOGICAL MONITCRING

Radioiodine Contamination

Concentrations of I17L in thyreld zlands of jack rabbits were aprroximately
five times those ovserved one year ago. Jalues follow:

nac/eg Wet Wt. Trenc
Location Average Maozximam Factor
L Kiles S.W. Redox 2 x 1073 5 x 1072 * 20
Prosser Barricade 1x 10"3 2 x lO:i + 5
Wahluke Slope 2x 107 4 x 10 -

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River organisms collectad at
fanford were approximately the same as that observed one year ago. Values follow:

ne/g Wet Wt. Trend
Sample Type Average “axirmm Factor
Minnows (entire) 2 x 1072 2 x 1072 + 2

With a dose of X-rays which produced 99 per cent death (10 Kr), the frequency
of C. columnaris strains resistant to Distrycin was increased 15-fold over the
frecuency in non-irradiated controls. Presuming that these are the consequence
of mutation, this rate of increase is comparable to that observed in other
microorganisms.

C. columnaris organisms isclated from infected fish showed no decrease in
viabilify over a 76-~hour pericd of being suspended in sterile ce-chlorinated
sanitary water. A% least partial virulence was retained during this time since
one trout out of four exposed was dead within two days.

Fallout Contamination

Fission proaucts occurred in rabbita from Hanford Reservation in the following
amountss

UNCLASSIFIED
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: ac/g Wet Materials Trend
Sample Type Averacze Factor
Bone 6 x 1072 + 3
Faces 3 x o7 -
Muscle . 7Tx 10"6 -
Liver 6 x 10°6 -

Salmon Survey

derial surveys of spawning saimon were initated. Only 55 nests were observed
which is much lower than nofmal. The low count is not considered significant,
nowever, since visibility was poor cdue to the river flow which was about 60
per cent greater than avsrage for the month.

Zffect of Reactor Zffluent on Acuatic Qrganisms

Eesults of the routine monitoring program with effliuent from the 100-K: reactor
were not substantially diiferent from those reported last month., Since this
test was started in June, about 39 per cent of the fish in 3 per cent reactor
effluent have died as compared with 26 rer cent of the controls. In each case,
most of the fish which died showed symptoms of Columnaris disease.

Small suckers were sampled from an artificial river which contained I per cent
strength effluent which had been passed through a bed of aluminum turnings,
Results of radlochemical analyses are not yet available to indicate whether the
aluminum turnings were effective in reducing the contamination level in the fish.

3ICLCGY AND MEDICINE - 6000 PROGRAM

HETABOLISM, TOXICITY, AND TRASSFER CF RADICACTIVE MATERIALS

Phosphorus

Groups Bf cichlids (tropical fish) were maip“ained in aguaria which contained
1 x 107% me/ml, 5 x 10=4 pme/ml, and 2 x 10~ pe/ml phosphorus throughout the
monthe 3Some mechanical difficulties have been encountered in maintaining the
concentration of isotope at the desired level in the water. No adverse effects
nave been observed with the possible exception that the food intake of the

Zish in the high level is_reduced. An ancillary test to determine the best
method of administering P32 to the cichlids indicated that the body burdens were
ruch more consistent when the isctope was included in the food than when the
isotope was added to the water,

The metabolism of P3% was studied in mice fellowing oral and intraperitoneal
administration. It appears that at least 50 per cent of the administered dose
is absorbed after oral administration. The whole-body mouse monitor seems to
work satisfactorily for detecting the bremsstrahlung of the deposited P32,

3trontium

dematological studies on trout which had teen injected twice weekly with
5r90-150 yere completed. No significant changes were observed with the posgible
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exception that the mean corpuscular hemoglebin appeared to be higher in tae
#ish waich had received the greatest amount of isotope (1.5 x 102 pe/g of
fish/injection.

The adalt groups of miniature swine on daily SrP0 feeding are now virtually
filled and a limited numver of animals from the Fl generation were started en
experiment. A total of 70 animals are now on this study. Examination of x-ray
plates revealed no pathology in any group fed up to 25 pc/day for over six
months,

Preliminary results from the study %n the effect of calcium gluconate in the
dlets of lactating ewes on 5r90-Calt relationship indicate the following:

(1} The amount of stable calcium absorbed from the gastrointesiinal tract

or excreted in tae urine of lactating ewes appeared to be relatively independent
of added calcium in the form of zluconate up to amounts of more than twice

the basal ration. This suggests that calcium abscerption is based uron demand
znd that the short time period probably did not allow the adjustment in
absorption rate which is known to be somewhat dependent on calcium content of
the diet. (2) The urine-blood ratioc of 5rf0 was approximately six times

the similar.ratio for Cal*l . {3) 4An on8051te effect was observed at the marmary
gland where the nilk-blood ratio of sr’V was 0.4 times tne ratio for Cadg

Short term rate of ion uptake studies were carried out on 1lZ-day old bean plants
grovn in nutrient selution. With equal concentrath%ns of caleium anc strontium
in the substrate,. little difference in rate of Ca*’ and 3r°” accumulation was
noted. There was a meore rapid accumulation of both lons in younger leaves

than in clder cnes.

Todine

Adult swine on_full feed and 70 per cent of full feed and fed sither 5 or
;uc/day of T131 for a prolonged period were given a single tracer dose of

radioiodine to determine if there was any evidence of a change in thyroid

metabolism due to radiation damage or plane of nutrition. The high-plane

animals - both controls and those fed 5 pc/day over a prolonged period,

showed higher thyroid uptake of the tracer dose and longer effective half-lifs

than the animals on low plane of mutrition.

There was no definite indication of damage due *to the feeding of 5}1c/day of
radiolodine for three years, although there was a suggestion of a reduced
thyroid avidity for I131 in some of the experimental animals. The accurulated
dese to the thyroid during this period was about 7,C00 rads.

Plutonium

Cf six rats injected with 4O uc Pu/kg, four have died within a periocd of L2
days' post Iinjection. Kats receiving the same amount of plutonium but treated
with.l.5 mi/kg DTPA show complete survivial for the same period, thus demon-
strating the survival value of DTPA treatment in cases of acute plutonium
toxicity.

UNCLASSIFIZD
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Comparative Toxicity of Ra226, Pu?39 ard 5r°°

The study to determine the comparative toxicity of Ra226, Pu239, and Sr-C in
b-week, 6-month ana one-year .0ld miniature swine was initiated, The doses
administered were calculated on the bases of estimated skeletal burden of these
animals, as Jollows: :

Ra226 2.5 me/Kg body weizght
Pu23? 1 ue/Kz body weight
5r?° 25 muc/Xg body weight

Radicactive Particles

Tlutonium assay of tissues from Lo dogs killed at intervals after inhalation

of Pu23%0, is nearing completion. From the data for nine dogs given in Table 1,
several téntative conclusions can be drawn. Tiere was little clearance of
rlutonium from the lung during the first two weeks after inhalation. Juring
this period about half of the deposited rlutonium was excreted in the feces.

The pharmacocynamics of inhaled plutonium in cogs differs from that observed in
rodents where smaller fractions of the deposited materials were ilstrivuted

in the lungs and early rapid lung clearance occurred.

TAZLE 1

Distribution of Inhaled Fu?3%0, in Dogs
Per Cent of Originally Depcsited Plutonium

Immed. fne day 1L <ays

Lungs 61, €4, 53 52, 15, 64 55, Sk, 31
Tracheal broncnial - - - 0.01, - C.2 0.07, C.1, 0.1
.1ymph nodes

411 other tissues 39, 36, U7 L7, 75, 36 0.3, 0.6, 2
inclucing intestine

Jrine - - - .02, C.CO3, - 0.ClL, 0.7, Oul
Feces - - - 0.1, 10, - Ly, 45, 16

Tissue Transplantation for Radiation Therapy

Three miniature swine were administered an 1Dygg dose of X ray (900 r) followed
oy an injection cof fetal spleen amd liver cells into two of the animals. All

three animals died by the 1llth day. These resulis, together with others,; point
out differences in resvonse (and the hazards of extrapolation) between large and
small animals, the latter having demonstrated a favcrable response to bone-marrow
and also to fetal-tissue transplantation. With supportive treatment, however, the
results in large animals may be more promising.

‘ . UNCLASSIFIED
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Jastrointestinal Radiation Injury

Intraperiteneal injection of cysteine (1.0 g/kg) prior to irradiation afforded
complete protection against the effects of 900 r Z-irradiation on the glucose
absorbing ability of the intestire.

Microbiological Studies

Increased movement of ions across irradiated yeast cell membranes was ooserved
to result from a general increased permeability rather than mere leakage out of
the cell. Irradisted cells removed phosphorus from the medium at a rate seven
times that observed in unirradiated cells and at the same time phosphorus leaked
out 12 times more rapidly. Glucose utilization was slightly greater in
irradizted cells.

é%gfin OPZHATIS}

HA Kornbergses
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J. Lectures

a. Papers presented at ..eetings

Y. J. 3eir, 10/22/5%, "Radioisotope Toxicity freon: Pulronary Absorriion,"
3ymposium on Rauloisotopes in whe slosphere, Unlversity of .innesotsz,
“inneapolis, ‘inngsota, Cct, 1% ~ 23,

1. ¥. 3ustad, 1C/22/59, "3ignificance of Kuclear Incustrial Effluents
on Animal Fopulsations," Symposium on Racloisctopes in the 3ilosphere,
University of illinnesota, inneapolis, [linresota, Cect. 15 - 27,

1. A. Zormberg, 1C/16/56, "Tue Fassage of rairs of Llements Through
¥oou Chains,® Syrmposium on nacioisotopes in the Jlosphere,
Universitr of Minnesota, ilinneapolis, iinnesota, Cct. 19 - 23,

E. C. Thompson, "Section VIII: GRaciolsctopes Avsorption and ..ethous of
Zliminatisn. Yutritional Considerations,” 10/21/5¢, 3yrpesium on
Radioisotopes in fthe 3iosphere, University of iinnesota, Minreapolis,
iiinnesota, Oct. 19 - 22,

b. Cff-3ite Seminars

L. A. George, Jr., 10/18/59, 3iology Workshop at the lortawest Junior
College 3cience Teachers liesting, Zverett Jr. College, averett, Wash.
{The HMarmalian Cell}.

c. Seminars (2iology)

L. K. Bustad, 10/14/59, "3ignificance of Huclear Incustry Zffluents in
Animal Populations”

H. A. Kornberg, 10/14/55, s ectives of Research Frogran!

d. Seminars {otner than 8islogy - locel)

R. F. Toster, 10/9, 16, 23, 'Acuatic 3iological Stucies," IFL Information
Teetings. -

2]

. Publications
a. YW Publications (external distriouticon)
lione
b. M7 Publications (internal distribution)
none |
c. Open Liter;ture
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT

October, 1959

ORGANIZATION AND PERSONNEL -

There were no changes in personnel during the month of Octcber.

OPERATTONS RESEARCE ACTIVITIES

Input-Output Simulation Model

Work on the GCL computer program 1s continuing. The central multivariate
analysis subroutine has been checked with five test models and found to be
satlisfactory. Three production runs have been made using this routine.

QOther

The declagsified version of the Qperation Pool report was completed and _
forwarded to the Atomic Energy Commission. In additlion, consultation on a
related program wes glven to personnel of the Division of Internationsl
Affairs.

A first report on the mathematical and logical formulation on the concept
of value ard internal pricing was completed.

OPERATIONS ANALYSIS STUDIES

Redox Dissolver Study

Using the multiveriate analysls subroutine now available, an analysls was
made of one completely causal model and a partiasl analysis of twe other
models was made by the less efficient "straightforward least squares”
technique. A report to interested CPD persoanel is being prepared.

Z Plant Information Study

Due to the fallure by IBM {0 meet commitments on the production recording
equipment which was to be used in the developmentisl test, this program has
been completely re-evaluated. Attention is now being directed toward
vorking out detalls for the future process so that requirements of the
system can be presented to cther firms capable of providing the necessary
equipment. An sgreement on the future scope of this program has been
reached with CPD Resesrch and Engineering perscnnel.

FPD Process Control and Experimentation

Further dimensional messurements on co-extruded tubes have confirmed in
general the previously observed relatiomships between dimensional distortion
during heat treating and reducticn ratio employed in the co-extrusion
process. OCne additional set of data is being collected, since the true

12339460
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relationship of Asdiameter to reduction ratio 1s still open to some guestion.
Also with respect to co-extruded tubes, the extent of interface roughness
was evaluated, where interface roughness is a measure of the variability

in clad thickness. Aleng with the results of this analysis, recommendations
with respect to future measurements of this characteristic were made and
adopted, resulting in a considerable savings of effort.

Nickel plating of present production fuel elements to reduce corrosion
effects is still being evaluated. In this connection, the effects of heat
treating efter plating on the bond strength of a fuel element were evaluated.

An experiment desigred to evaluate the effects of charge demage on fuel
element quality (porosity and dimensicnal changes) has been completed. The
importance of controls was dramatically emphasized in this experiment, since
had they not been used, entirely erroneocus results would heve been found.

Some further data to evaluate the effects of one-step and two-étep quenching
are being analyzed.

Two experiments to be zrun in the pilot plant wers designed. In the first,
four degreasing procedures in the cleening of cans are to be evaluated. The
second experiment concerns an evaluation of spire-insertion techniques, in
which three methods ‘are being considered.

Quality Certification Program

Pre-irradiation dimensionel and welght data taken from monitor tubes charged
upder this program during June, July, and August were analyzed. This was
done in order to provide a rational basis for setting product specifications.
Interesting cases of non randomness and out of -control situations were
detected.

Discussions were held in connecticon with writing the product specifications
for this program. It wags emphasized thet there are three distinect uses for
the data belng generated, and that much of the data are of interest only to
FPD personnel. Much of the control of outgoing quality is maintained by
100% inspection such that acceptance sampling plans as such are not required.
However, one can still describe the cutgoing gqudality by variables measure-
ments which should be useful in later studies to evaluete the effects of such
characteriatics on fuel element performance.

In connection with this program steps are being taken toc mechanize data
recording and analysis for C-Basin deta, and the question of the necessity
for taking five diameter measurements was raised. The effect of a reduction
to three meagurements was evaluated, and it was recommended that this not

be done. At the seme time, a recommendation was made that the desirability
of using quarter point measurements to obtain a better messure of fuel ele-
ment warp be evaluated. Data are being collected to gquantify the reduced
uncertainty that would result.

Production Tests

An analysis i made of data from production test IP-220-A, which was
o5 DERCASSEIED
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designed to compare fuel elements with cores heat treated in rod form in
carbonate salt with those blank heat trested in chloride salt. Paired
observations were utilized. The fuel element position effects on warp and
(3 dismeter are also being quantified in thls analysis. The {itting of
second and third degree polynomisls ig sufficlent to explaln these effects.

Fuel Element Failures

A comparison of fajlure performence was made between fuel elements clad in
X-8001 and C-64 alloys.

Optimization of Reactor QOperations

A new program is being defined to imeclude &ll work done on various sspects
of cptimizing operating conditions for the reactors. Some of this work
was previously reported under Fuel Element Failures.

Net return, as defined by Progess Technology personnel, 1s calculated as &
function of CR (a measure of fuel element quality as determined by rupture
performance), power, and exposure. The resultswere then expressed as
fourth degree polynomials in order to permit easy interpclation, and they
will be used to evaluate a number of decision rules concerned with changing
operating conditlons on the basis of obsgerved rupture performance. A study
is being made of the "fixed" costs existing in the current net return equa-
tion to determine 1if they can truly be called fixed or must also be varied
with changing reactor conditions. Of importance 1s the extent of simultan-~
eous shutdowns cf several reactors under different sets ¢f cperating con-
ditions, and their effect on the cost structure. Work is continuing in this
area.

Process Tube Lerks

An extensive report was issued giving the results of various attempts to
predict wmore effactively which tubes are likely to experience severe ex-
ternal corrosion and hence be candidates for tube lesks. No marked .
success in improving on present prediction methods haes been noted. Work
will continue after discussing this report with interested personnel.

Aluminum Corrcsion

Work was completed on the comparison of four models with respect to their
ability to predict in-remsctor corrosion. It is anticipated that & joint
report with BLO and IPD corrosion representatives will be issued summerizing
the resulis of this study.

Reactor Calculations

Discussions have been held with interested personnel relative to the rough
draft issued on reactor calculetions. There was general agreement on the
results of this study, and 1t is planned to issue & final report during
November. It is also tentatively planned to try to quantify the inaccuracies
existing in the Foxborc power calculating system by examining available

deta from routine draw-down tests on a given reactor,

g | 233007
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Flnal Product Specificaticns

As previously recommended, the number of analytical titrations per fabri-
cated part was decreased from six to three several weeks ago. An examina-
tion of data since that date has indicated rather surprisingly that the
total measurement error asscciated with each'part has not increased as a
result of this chenge. This 1s being investigated further,

A trip report was issued on the September meeting on final product
specifications held at Los Alamos. This also contalned a discussion of
part by part acceptance. A formal proposal to elter existing specifications
iz being prepared.

CFD Contrel

Several specific problems concerned with control of materials within CFD
were worked on during October. As an example, a study was made relating
the extent of skull formation in Task IV furnesces to the type of materisl
charged.

Radiatlion Protection Studies

Additional data from an experiment to investigate the effect of exposure
angle upon gamms f£1lm badge response were obtalned. Since the new data
deviated from earlier for edge angle exposures, & review of all calculations
has been undertaken. A report will be issued in the near future expleining
the integrated result of both experiments.

Work continued on the analysis of data from the experiment to test the
validity of the inverse square law as it applies to the radium gamma film
badge calibrations.

A statisticel study was Iinitiated for Bio-Assay Operation to estimate the
precision and accurascy of bio-essay plutonium deposition estimates from
spike samples.

Systems Relimbility

Using the previocusly developed computer program, the reliebilities of three
alternative changes in the K-plent water system were compared to that of the
existing system. In the sense that these computations indicaste distinct
differences between the alternstives considered, this work was quite
guccessful. On the basis of these experiments additionsel work is being
planned in this ares and & new problem of & simller nature concerning NPR
cperational reliability is being considered.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

b B |
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2000 Program - Metallurgy

A statistical analysis was performed on maximum penetration data from two
experimental lnvestigations of the diffusion of uranium into AlSi to
obtain the best estimate of the thermo diffusion coefficient, and to
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Tdete ne the significance ¢f the difference between the two coeff

2000 Progrem - Separations Development /,?/[.

Conferences were held to explore the feasibility of applying statistical
technigues to the design and analysis of englneering development experi-
ments. To date, application has been discussed in two areas, power fuel
eirculating dissolvers and fluidized bed calcination of process waste solu-
tions. Existing dissolver data mre being examined to gain familiarity with
power fuel dissclution problems. It is anticipated thaet this examipation will
lead to the design of planned experiments that should make possible & systema-
tic evaluaticon of both main effects and interactions for seversl process
variables. '

4000 Program - Swelling Studies

Work continued on the development of the functional representation of the
pore redii distributions for micrographs of uranium samples. Preliminary
investigation of the effects of varying etch times was completed; data for
a more comprehensive study will soon be aveilable.

LOOO Program - PRTR Pressure Test

Work cootinued on the statistical evaluation of data from the recent PRIR
Pressgure Test to determine the precision and sccuracy of legk rate
estimation. Current efforts are directed toward correct: -z the total num-
ber of molecules within the vesgel estimate for the fluet.ation in the
number of water molacules due to condensation and evaporaticn on the walls
of the vegsel arising from daily tempereture fluctuations.

4000 Program - Mathematical Analyses

Mathematical assistance to this program included

(1) Continued aid in the study of the elastic behavior of fuel elements,

(2) the complete sclution to & non-homogeneous second order differen-
tial equation, and

(3) assistance in studying the oscillatory and growth properties of
the solutions of & linear gsecond order differential equation with
periodic coefficients.

6000 Program - Biology and Medicine

Work continued on statisticel analysis of excretion data from an experiment
invelving plutonium inhalation by dogs. A three-compartment meathematical

model of retention and excretion has been constructed, and estimates of the
parameters of the model have been computed. This medel is in excellent agree-
ment with the experimental data during the latter stages of experimentation,

but provides only a fair explanmation of results during the early portion of

the experiment. Efforts are directed toward the refinement of the model so

as to provide better predictability during these initial stages of experimentation.

General

A statistical analysis to determine the relative precision end accuracy of
several radiochemical i{sotopic anmnlysis methode was coumpleted. Single channel
analyzers are soon t0 be replaced by 256 multiple channel ones, and in an
pCRs to anticipate customer questions the relative characteristics of the

LY
vtruments were evaluated.

Al

12339564
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A meeting wes held to consider the feasibility of complete automation of
radiochemical isotoplc analysis by multi-channel gamms spectrometers. A
feasibility study has been initiated of which the first step will be to
consider the problem of mathematically simulating monoenergetic spectra
in the range zero to 3 mev from the analysis of spectra from a selected
set of standard monoenergetic sources.

A second and more efficient method of determining approximete point-wise
values from space-averaged datas was developed.

STATISTICAL AND MATHEMATICAL ACTIVITIES FCR OTEER HAPO COMPONENTS

Irradiation Processing Department

Methematical consultation wes provided on several problems involving
numericel solutions of simultaneous partisl differentlal equations and
quadrature methods on empirical data.

Chemical Processing Department

Several problems of determining optimal selection and combinatorial
policies for the components of a required assembly are presently under
study. )

The final design and specifications of & set of cams necessary to gulde
the Gortom lathe during machining cperations were completed.

Contract and Accounting Operation

Several aspects of the problem of allotting time on data processing
equipment are being studied. These inelude a mathematical descripticn
of the srrival, waiting, and computational times inveclved, a reliahility
study to place confidence limits on the amount of time required for
routine non-technical work; and the development of optimum technigues
for the allocaticn of mechine time.

Relations Qperation

Analysis of psychologlcel test score data obteined from plant personnel
during the past three years was initiated.

d[ M&nﬂ ger, .
OPERATIONS RESEARCH_& SYNTHESIS
CA Bennett:kss /ﬁ@ *
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At

PROGRAMMING OPERATTON
OCTOBER 1950

FISSIONABLE MATERIALS - 2000 PROCRAM

Special Radiciscotopes

Although no uranium cre mill sample has yet been established as a source of

thorium containing as much as 10 per cent ionium, analysils of material from

three of a total of five mills from which samples have been received do show
thorium containing about 2 to 4 per cent ionium.

The study of a possible irradiation program for U-232 and Th-228 preduction
wag continued. A continuing program based on charging a reactor with one
kilogram of Th-230 per month in the ferm of thorium containing 10 per cemt of
the Th-230 isotopes should yield milligrams of Th-228 in about eighteen menths
and gram qusntities after about five years. Such a program would require all
of the Th-230 from & mill processing about twe tons of uranium per day. This
would be about 5 per cent of the U.S. ore processing capacity.

Work on the detsiled status report ccvering all phases of this study was con-
tinued. The first draft is estimated to te about 9C per cent complete.

REACTCR DEVELOPMENT - 4000 FROGRAM

PLUTONIUM RECYCLE PROGRAM

Cycle Anelysis

Computer Code Development. The RBU code received extended %esting early in the
menth, completing the period of intensive debugging of the main parts of tke
code, Although further test rurms may indlcate the presence of minor errors,

it appears at this time to be cperating satisfactorily. The grester part =f
the basiec library compiling has now been done, and further progress has been
made on the input and output routines. American Standard's fipal report has
been issued (ATL~A-101; asz an informal AEC research and development report,
contalning flow charts and descriptive information for the entire code.

Coding for the IEM-709 continued on the remaining 5 out of originsl 18

IBM-650 codes for the initiasl evaluation of self-sustaining plutonium recycle
in enriched thermal reactoras. One of the codes refines its own answer by
"iteration". When bandling the cards betwsen iteration with the IBM-650,
perscnal judgment was applied between iterations to hasten "convergence" or
achievement of the allowable variation in successive answers. Puhting such
Judgment into the IBM-709 routine requires care and current efforts have been
plagued with "looping” wherein the machine recomputes the same number endlessly.
All but one of these “bugs" have been cerrected.

1233Qb1 . UNCTASSIFIED
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Analytical Studies. The analysis of stainless steel and zirconium cladiing fuel
cycle eccnomlcs, using the Meleager and Hanford P-3 codes, was continusd through
the month. Results apparently agree with earlier results reported in May. Tke

physics calculaticng for this project are ncw nearly completed.

FRTR Plans and Scheduldes

Study of the costs and benefits associated witk tke procurement of the desired
amounts of plutonium containing about 20 per cent Pu-240 to advance the FPP
was nearly completed. It appears that such fuel could best be prepared

by plutonium irradiaticn at Savannah River or by the irradiation of depleted
uranium at Hanford. The Savannah River route is estimated tc be aboul one

and a quarter million dollsrs cheaper than the Zanford route, if credit is
taken for the reactor operating time saved by the 700 fewer days required to
reack the state of self-sustaining operation. HEven without taking credit for
such savings, the shortened time permits achievement of cther FRP cbjectives
at a correspondingly earlier date, including earlier experience with high
exposure plutonium fuel element Pabrication and eariier experience with reactor
cperation with high exposure fuel.

FRTR Hazards Evaluation

The calculations of the dosage rates arcund the FRTR contalnment vessel were
revised to provide values for the actual thickness of the gteel walls rather
than the nominal one inch thickness previcusly used.

PLUTONIUM VALUE STUDY

At the reguest of the Evaluation and Planning Branch of the AEC Division of
Reactor Development, a research and development proposal was prepsrad con-
cerning & "Plutonium Value Study". This study relates %o the examinaticn,
both technical and economicz, of plutonium fueling in specific reactors as
desigmated by the Commissicn., MNotice was received that tke proposed program
was approved, and tkat the first reactcr type to be studied is to be of the
advanced pressurized water type as recently designed »y the Combustion
Engigegiing Corporation and described in TID-8502, Parts 1, 2, and 3, and
TID-DS0H,

C. BIOLOZY AND MEDICINE - 6000 PROGRAM

Radiolegical Consultstion

Consultation was rendered concerning three papers on waste dispeosal to be
presented at a foreign meeting, environmental survey, the whole body counter,
hazards aspects of a FETR loop, and on & development program on instruments
for radiation protection.

The final report of the task force on Radiclogical Evaluation was prepared
and transmitted to the Manager, Hanford Laboratories on October 30, 1959.

UNCLASSIFIED
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D.

OTHER ACTIVITIES

The final report on the 1959 Summer Institute cn Nuclear Energy - Chemical
Processing was transmitted to the Atomic Energy Commission. Late in the
month, in a meeting of the Nuclear Committee of the American Soclety for
Engineering Fducation, plans fcr helding similar institutes during tre susmer
of 1960 were reviewed. The scclety recommended that Hanford’s SINE program
not be repeated in 1960 owing to relatively low current demand £or +training
in this field. Executlon of a SINE program at Hanford in 1961 is to be re-
examined gbout cne year hence.

Lists cof potential seminar speakers were exchanged with the University of
Washington for the purpose of setting up a regular exchange of speakers
between the two organizations. It was agreed to begin the series in November
with a talk by E. D. Clayton of Hanford Laborateries Operation to be given to
the Physics Seminar at University of Washington. The program will continue
witk Hanford speakers going to Seattle every other montk and University of
Washington speekers visiting Hanford on slternate months.

At the request of the Commission & proposal was prepared concerning the
prevaration at Henford of a comprehenslive hook on plutonium tecknology.

Assistance was rendered in arranging for six tours {invelving 300 people)
through HLO and BAPO facilities. '

Mé.ns.ger, Programming

LE McEwen:d1
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RADTATTCN PROTECTICN CPERATICN
MCNTHLY REPORT -- OCTCBEER 1958

A. CRGANIZATICN AND PERSONNEL

A, F. VanPatten transferred from CPD on October 12, 1959. F. L, Mesks transferred
to IFD on October 19, 1559, Mildred 0. Wendland was deactivated cn October 19,
1959, Qne teneficial transfer was made within RPC during the month., The force

of the Radiation Protection Operaticn totals 130.

B. ACTIVITIES

Two new plutonium deposition cases were confirmed. DBody deposition in both cases

was less than one per cent (1%) of the maximum permissible body burden [Q.Ch uel.

The total number of deposition cases that bave occurred st HAPD is 237 and 17Q ars
currently employed.

Bioassay samples fromw employees involved in the plutonium-oxide hood explosicn in
the 231 Buillding in September indicated negligible depositilon.

A potentially serious plutoniwm skin contamination case occurred at Purex on
October 26, About 2,000,000 4/m was found sbove the right eye of an employee.

Immed iate decontamination to 1Q,000 d/m was accomplished, but complste decontamins-
tion was not possible for several days because of skin irritation. Initisl o“i--
agsay samples were negative.

A total of 36 people was counted during the month in the Shislded Personnel Monit-r-
ing Station. Lead lining of the shielded eell is scheduled to tegin sbout the
middle of November and will require about two weeks to campletz.

A review of plutonium contaminated injuries at HAP? was cmpleted and documentad.
There were 74 known cases of plutonium contaminated injuries reviewed. HAP? axperi-
ence shows that about 45% of all potentially contaminated injuries rasulted in
detectable intermal depositicn. In cases where external contaminatlon was sctuslly
detected, about 70% resulted in detectable internal deposition.

Extensive contamination to 1.3 rads/br in the 327 Zuillding caonyon resulted from

a chemical explosion of an Na-K swelling capsule during processing. Five smplovess
were contaminated to a meximum of 40,000¢/m. Decontamination was ac:omplished
immediately. Bioassay samples were processed for the .involved personnel.

A stack emission of particulate matter estimated at 0.7 curle followed the initiz.
use of the newly constructed A cell in 327 Building. Cutting operatioms on an

NPR prototype fuel element caused the emission. Cround and building surveys in
the vicinity of the 327 Bulldling stack revealed no detectable groind contaminatiam.

The recommendaticn of the NCRP issued in NBS Handbook 69 on MPC's was used t:
examine the over-all sigrnificance of changes in MPC's as compared %o Handbook 32.

The per cent of MPC's in Columbia River water was calculated on both bases. The
approach to MPC's for GI tract, bone, whole body, and kildney was estimated. The
effect of the Handbook 69 MPC's, at the present levsl of approach; is not pronocunced.
No changes in practices are indicated.

12330912
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The sampling of seasonal produce approached completion for this year. Over 300
samples have been collected and analyzed for individual isctopes. The analytical
work and evaluation of these data are not yet co:gpleted H hcwever, general obser-
vation at this time indicates the presence of Zn®> and Cr?l in some crops irrigated
with Columbia River water cbtained downstream fram Hanford reactors. Filssion product
isotopes were found to be falrly uniform throughout an extensive sampling ares
indicating these to be largely of fallout origln.

Further study of the Savannah River small-volume bloassay sampling procedurs has
revealed that 1t 1s not suitable for HAPQ use in its present state of development.
HLO Chemical Research personnel have indicated that their efforts to obtain a
comparable procedure have now been intensified.

On the basis of studies conducted to date; it has been determined that lodine air
sampling based on absorption of iodine on activated charcoel equals and potentially
excels the caustic scrubber methods In sensitivity. A definite advantage is the
potential portability of the system and its use as & spot sampler. Air concentra-
tions of one MPC of lodlne may be detected by a five-minute sample collected at
the rate of 2 cfm.

The calibration frequency for GM meters was extended fram one week to two weeks.
Scme savings in instrument maintenance charges may be realized; as will savings in
time for radiation monitoring and calibraticn services., .

The Calibrations Operation fast neutron scurces were compared with a National Bureau
of Standards neutron scurce by the Radiological Physics Operation. A variatiocn of
enly two per cent {2%) was cbserved in the calibrated value.

A sirmilated radiological emergency exerclse was conducted in the 703 Plotiing Room
The exercise provided practical experience for those participating and revialed a
need for improved cammnications for the Plotting Room.

C. EMPLOYEE REIATIONS

Four suggestions were received and evaluated during the month. Although none were
recormended for adoption, one award of $25.00 was received by s Calibrations emp.oyee
whose suggestion regarding improved calibration technigues received the approval

of the Suggestion Board. There were no cutstanding suggestions at month end.

There were five medical treatment injuries £or a frequency of 2.35. No security
violations oceurred during the month.

One grievance was satilsfactorily answered at Step I during the month.

Payment of a total of $2,799.56 was made to 25 radiation menitoring smployees on
the basis of the arbitrator's award co the Maki Arbitration Case.

Several nonexempt employees attended the Information and Orientation Series -
Program VI.

Radiological training included: detailed orientation and training regarding
radiation protection practices to 12 employees in the Technlcal Shops Operation
associated with 306 Buildipg; two radiation monitoring jJourneymen completed the
five-week training course presented by the PRIR persomnel; basic orientation

12339713 UNCLASSIFIED
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courses were presented 0 40 engineers and draftsmen of the H. E. Bovay Comsulting
Engineers and four GE auditcors from Schenectady.

Three exempt employees are actively participating in the current sessions of
PBM-I. :

D. SIGNIFICANT REPORTS

EW-5L886 REV1L "Beta Fileld Dose Rate Determinations for Angular Response with
the Juno Dose Rate Meter' - Revisions by G. A, Little.

HW-61358 "Estimated Effects of Variations in Plutonium Isctopic Concentrations
on HAPO Perscnnel Exposures as Measured by Film Radges" by E. £. Watson,

HW-61893 "An X-ray Spectrametry Method for Bvaluating Doses to 2000 r on Filn"
by W. V. Baumgartner. .

HW-62274 "Hanford Experience with Plutonium Contaminated Injuries, 1945-1359"
by R. H. Wilison,

HW-62277 "Analysis of Radiological Data for the Mounth of September, 1959" by
R. L. Junkins,

HW-62386 "A Rotating Source for Calibration Purposes" by L. F. Kocher.

HW-62589 “Monthly Report - October 1959, Radiation Monitoring Operation” by
A, J. Stevens.

12339174 UNCLASSTFIED
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ENVIRONMENTAL MONITORING - RESULTS (September 28, 1959 - October 25, 1959)

_ Activity Monthly Trend**
Sample Type and Location Type Average Unita* Factor

Drinking Water
100-F Ares Isotopic 1.0 % MPCg -
Separations Areas Gross Beta 1.6 x 101 pe/ce +2
Pasco Isotople 0.3 % MPCgr -
Kennewick Isotopic 0.1 MPCqr --
Richland Gross Beta <« 3.0 x 10-8 pe/ce --
Columbia River Water
Above 100-B Ares Gross Beta 1.5 x 108 pe/ce +2
100-F Area Isotopic 3.2 % MPCaT .-
Banford Ferry Gross Beta 5.5 x 1077 pe/ce -
Pasco Isotopic 0.9 % MPCg -
McNary Dam Gross Beta 1.7 x 106 uc/ce +2
Vancouver, Washington Gross Beta 3.5 x 1077 ue/ce -
Ground Water
Outlying Test Wells Gross Beta 1.0 x 107*(Max) uc/ce +16
Atmoephere
Gross Dose Rate -

Froject Camma, 1.¢ mrad/day --

Environs Garme, 0.4 nrad/day -
I-131 Separations Areas I-131 2.3 x 10713 pe/ee --
I-131 Separations Stacks I-131 2.8 curies/week --
Active Particles .- Project - 1.5 ptle/100 m3 --
Active Particles - Environs  =-- 0.4 ptle/100 m3 --
Vb;etatﬁou
Separations I-131 1.9 x 1070 uc/em .
Residential 1-131 < 1.5 x 10-6 e/ g -
Eastern Washington and é

Oregon I-131 < 1.5 x 107 pe/gm --
Fission Products less :

I-131 - Wash. and Ore. Beta 1.2 x 1075 pue/am -

* The % MPCgy 18 the percent of the maximm permissible limit for continuous
occupational exposure to the.gastrointestinal tract calculated from drinking

water limits,

*## The trend factor shows the n-fold increase (+) or decrease (-) from last month,
where values of n less than 2 will not be noted.

12339876
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EXPOSURE EVALUATION AND RECCRDS

Exposure Incidents Above Permissible Limits

HW-62587

Whole Body Localized
Cctober 0 1
1959 to Date 7 9
Gamma Pencils
Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Qver 280 mr Readings
October 17,956 126 1
1959 to Date 251,699 1,026 b
Beta-Gamma Filw Badges
Badges Readings Readings Readings Lost Average Dose
Processed L00-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
. mrad{ow) mr{s)
October 9,918 827 62 30 30 9.80 13.80
1959 to _
Date 106,874 8,487 813 198 b1k 7.02 15.6€
Neutron Film Badges
Film Readings Readings Read ings Lost
Processed 50-100 mrem  100-300 mrem Over 3QC mrem  Readings
Slow Neutron |
October 1,134 1 0] 0 5
1959 to Date 12,441 20 2 0 67
Fast Neutron
October 345 16 3 0 5
1959 to Date . 1,510 37 17 0 65
Bicassay October 1959 to Date
Plutanium: Samples Assayed 8 667 7,485
Results above 2.2 x 10" uc/sample 39 371
Fission Products: Samples Assayed 691 7,433
Results above 3.1 x 102 uc FP/sample 1 33
Uranium: Samples Assayed 288 2,706
Confirmed Plutonium Deposition Cases 2 13%

*This brings the total number of plutonium deposition cases which have occurred

at Hanford to 237.

1233971
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UNCIASSIFIED

Uranium Analyses

Fcllowing Exposure

HW-£2587

Following Period af N2 Exposure
g

Units of 109 Units of 10~ U/cc

Number Number

Sample Description Maximum Averagze Samples Maximum Average Sampl=as
Fuels Preparation 134 1= 3.3 L8
Hanford laboratories 23 27 Te3 21
Chemical Processing 137 18 bob 63
Chemical Processing® 7.8 - - -
Special ITncidents . 23 - - -
Random 1.3 - .- =

*Samples taken prior to and after a speciflc job during work week.

Thyroid Checks
Checks Taken
Checks Above Detection Limit

Hand Checks
Checks Taken - Alpha
- Beta-gamma

Skin Contamination
Plutonium

Fission Products
Uranium

CALIBRATICNS

Portable Instruments
CP Meter
Juno
M
Other
Total

Personnel Meters
Badge Film
Pencils
Other

Total

Miscellanecus
Total Number of Calibrations

AR Keene:ke

1233978

Qctober 1959 to Date
0 0
o} 0
36,466 352,240
46,206 219,865
by 253
35 392
9 109

Humber of Units Calibratsd
Cetober 1959 5 Dats

59k 9,695
0L 3,036
1,454 1L 008
196 2,026
2,588 28,765
1,276 9,635
1,781 12,283
432 4,140
3,589 26,058
143 3,888

62620 :82711

nager
Radilation Protection
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UNCLASSIFIED _ H-1 BW-62587

LABORATORY AUXILIARIES CPERATION
MONTHLY REPORT - OCTCBER, 195%

GENERAL

Safety performance of the operation was considered satisfactory. There _
were no mgjor injuries; the minor injury frequency rate was 1.7l which is
conglderably below average experience.

There were no security viclations charged to the Operation.

TECHNICAL SHOPS CPERATION

Total productive time for the month was 18,531 hours. This includes 17,131
hours performed in the Technical Shops, 808 assigned to Minor Conmstruction,
218 to other project shops, and 374 bours to off-site vendors. The total
shop backlog is 26,456 hours of which 50% is required in the current month,
with the remainder distributed over a three-month period. Overtime worked
during the month was 3.5% (781 hours) of the total available hours.

Distribution of time was as follows:

Man-hours % of Total

Fuéls Preparation Department 296k 16.0
Irradiation Processing Department 821 L.h
Chemical Processing Department 548 2.9
Hanford Laboratories Cperation 13534 73.0
Construetion Engineering & Utilities 61k 3.3
Miscellaneous 50 o

A reduction in the number of requests for emergency service reduced the
amount of overtime worked by 30% over the previous report period. The over-
all backlog in the shops has been reduced 14%. The amount of work semt to
Minor Construction Shops and off-site vendors was reduced spproximately Lo,

Security performence was considered satisfactory with no viclatims. Safety
performance showed a marked improvement with six medical treatment 1njuries
compared to 13 the previous month.

RADIOGRAPHIC TESTING OPERATION

UNCLASSIFIED
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UNCLASSTF IED H-Z2 EW-6258T

4 total of 5,872 tests were made, of which 703 were radiographic {including
x-ray and gamma-ray) and 5,169 were supplementary tests. Out of a total

of 2,585 man-hours, 527 (20.4%) were in connection with radiographic tests,
and 2,058 (79.6%) were used on supplementary tests. The supplementary test
work included; autoclave, borescope, dimensional measurement (micrometric

& scrateh), eddy current, hardness, penetrant (fliorescent 0.D. and I.D.),
pickling, stress analysis (static and dymanic electric strain gages), surface
treatment (alkaline cleaning), and ultrasonic (flaw detection and thickness
measurements ).

The number of pieces handled this month totaled 5,479 items. The feet of
material represented by these items amounted to 55,124 feet. The ability
to be able to handle such an unusual amount of materisl is possible because
of the W.B. facility and the fact that the predominsnt material is tubing
in long lengths.

Work was done for 15 different organizational components representing most

of the operating departments and service organizations. A total of 31 reports
were issued detailing test findings with coneclusions and recommended action.
Radiographic Testing Operation was consulted on 30 different occasions for
advice and information on general testing theory and appllications for other
than the Jobs in Part II - Testing Statistics. '

Pollowing the successful pickling and autoclaving of the PRTR process tubes
demonstrated in September, full scale testing and treatment of the tubes has
been maintained. To date 89 tubes have been pickled and autolaved. Of this
number 38 tubes have proven acceptable as meeting all requirements. An
additional 14 have a vary slight amount of staining associated with the
plckling process, and final evaluation by Coatings and Corrosion personnel

has shown these to be acceptable also. Their were 20 tubes having a doubtful
appearance requiring reworking. Successg has not been as high in meintaining
the dimensional tolerances of the ftubes and 57 tubes will require straightening,

Realization of a higher acceptable output has been hindered by equipment main-
tenance problems. Also, scaling-up of the research and development pickling
and autoclave process was not totally effective. It wes necesgsary to make
many process equipment changes at the ssme time a very tight testing and
treatment schedule was being maintained. Process staining and tube distortion
are continuing to be experienced. However, improvements made in the process
throughout the month have systematically improved the guality of the autoclave
film. The process 1s now yilelding 90% good tubes. To cope with the tube
distortion problem twe courses are cpen; to forcibly siraighten the tubes
using a hydraulic press, and to reheat in the sutoeclave. Provisions have

been made to use a hydraulic press; however, in the time remalning as

many tubes as possible will be strajightensd by using the heat of the
autoclave.

UNCLASS IFIED
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UNCLASSIFIED H-3 HW-42587

A schedule has been established for NPR tube preliminury testing and per-

sonnel training starting in November. The equipment an~ buillding modifications
to be done by Kaiser engineers has been delineated. One of the first items

of equipment to be modified 1s the existing sutoeclave. As soon as the PRTR
work is completed the autcelave will be dismsntled, straightened and rewired

to fit the enlarged version. The design has almost been completed for enlarging
the existing autoclave. In addition, bilds are being solicited for an additional
autoclave to be purchased off-site.

Zlrconium sheath tubing is being tested at a rate in excess of 300 tubes
per week., This agount is required to satisfy the needs of Ceramic and
Plutonium Fuel Development for acceptable tubing. Concurrently, finished
fuel element examinations are being msde by both groups comprising about

a 150 elements per weeck each. In a continuing effort to improve and shorten
the testing, ultrascnic examination is now being evaluated.

Considerahle effort was expended this month in assisting IPD in production
test IP-278-A (verification of bulk temperature surges at the 105-DR reactor).
The coatribution of RTO consisted of the placement and data taking {manual
and recorded) of a number of strain gages. In addition to this comtribution
the unique capabilities of RT0 in providing 24 hour, 7 day week coverags,

was especlally demonstrated as being sble to cope with the vagaries of
reactor shutdown and start-up.

Testing Statistics

No.of Ft. of Weld No. of

Component Tests or Materis]l Pieces Description
CE&U0 160 70 160  PRIR Calandria
CPD 18 17 18 Concentrator tube bundle 304-L 5.8,
HLO 5,347 54,955 5,184 33" & 8' long, 9/16" 0.0 swaged,

zr-2 elad Wp fuel rods; external
ribbed zr-2 tubes; .505" & 680"
I.D. zr-2 tubes; .500" 0.D., S.8.
tubes; 1/16" 0.D. swaged thermo-
couples; Palm Fab & Development
Program; Radiography of Al-Pu
fuel elements (Zire Can) Thermo-
cyeling Project, Al-Core, Zirc
clad fuel elements; Radlogrupn
Thermocouples for position of
leads (S.S. Sheath).

rp 347 82 117 Radilograph pipe welds on KAPL loop:
Radiograph brass valve fittings; Per-
form Rockwell hardness test of flanged
zlre tubes; Flucrescent Penetrant in-
spection of pigtails; Strain gage
measurements on rear face,

Total 5,872 55,124 5,479

123398
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CONSTRUCTTON OPERATION

On QOctober 1, 1959, there were currently active - 3 Projects, 7 Fixed-Price
Work Orders and 41 CPFF Work Crders with the J. A. Jones Construction Company.
On October 25, 2 Fixed-Price and 27 CPFF Work Orders were completed and ’
closed cut. One CPFF Work Order which had been c¢losed prior to October 1
was reopened for further work and 2 supplements were also issued.

W. 0. Value

Active Orders (including projects) as

of 9/27/59 51 $ 229,049,000 *
Active Orders reopened 1
Active Orders supplements 3,236.00

Sub-Total 52 $ 232,285,00 *

Active Orders closed out 29 £5,697.00
Active Orders remaining 23 $ 166,588.00

* This figure does not inelude CG-T47 - Calandria money.

From the start of this component on Cctober 1 through October 25, there have
been 62 new orders and 2 supplements issued to J. A. Jones. 19 of these have
been completed and closed out.

H.L. Orders issued 10/1/59 to 10/25/59 £2 $ 49,501.00
H.L. Orders supplements to 10/25/¢" 3,500.00
Sub-Total $ 53,001.00
H.L. Orders closed out as of 10/25/59 19 2h,356.00
Orders remaining 13 §  28,645.00
Total Open Orders &6 $ 195,233.00
Total Closed Out $ 90,053.00

UNCLASS TP IED
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UNCLASS IFTED H-5 HW-62587

FACILITIES ENGINEERING OPERATION

Prodects

The following summarizes the status of HLO project activity.

Number of authorized projects at month end: 23

Number of projects authorized during month: 3
CGH-857, Physical & Mechanical Properties
Testing Cell - 327 Building
CGH-858, High lLevel Utility Cell -~ 327 Building
CGH-860, Access for PRIR Fuel Elements - 327 Building.

Projects completed during month: 2
IR-246, Alterations to the Positive Jon Accelerator :
~ 3745-B Building
CA-681, Hanford Equipment in the ETR.

Project proposals submitted to the ARC during month: 3
CGH-874, Consolidation of Plutonium Metallurgy
Facilities
CGH-8T7, Pyrochemical Test Facility - 321-A Bldg.
CGH-878, Additional Facilities for Isotope Study
on Animels - 141-C Building Addition.

Projects awaiting AEC approval: 3
CGE-874, Consolidation of Plutonium Metallurgy
Facilities
CGH-8TT, Pyrochemical Test Facility - 321-A Bldg.
CGH-878, Additional Pacilities for Isotope Study
on Animels - 141-C Bldg. Addition.

Project proposals in preparation: b
Rattlesnake Springs Radioecology Research Area
Uranium Scrap Burning Facility
High Temperature, High Pressure Autoclave Facility
- 306 Building
Geological & Hydrological Wells - FY-1960.

Total authorized project funds: $ 7,797,600
Total estimated cost of authorized projects: $ 9,271,365
UNCLASS TR IED
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The attached project report details the status of imdividual projects.

Engineering Services

Title Status
Isclate Crane Conductors, 31k Bldg. Work is complete.

326 Building Retention Waste Sump Fieldwork in progress.
Modifications

Additional Lab Hoods & Alr Exhaust Field work contingent on A.R. approval.
Modifications - 146-FR Bullding

Glyecl Heat Exchangers - 325-A Bldg. Design complete. Exchangers and valves
on site. Pield work to start 1l-2-59.

Improve Process Ventilation, Labs Field work in progress.
204 & 206 - 3706 Building

Heating & Air Conditioning Work will not be accomplished in view
141-M Buillding of budget conditions.
329 Building Cooling Problem Detail design 1s progressing.

Compressed Air System, 231-Z Bldg. Existing compressor relocated. New unit
on order. Work to be complete 11-30-59.

Revised Electrical Service Fleld work in progress.

1705-F Bullding

Alr conditioning Room 4 - 141-H Design complete. Procurement in progress.

Building Installation to start in November.

Ventilation ~ 314 Building Engineering proposal complete. Xatimates
being compiled.

Fire Detection System - 146-FR Design work complete. Estimate is being

Building compiled.

Eleetrical Modifications - Engineering complete. Field work to start

Room 24-A - 326 Building in November.

Modifications, 3707-C Building Arrival and installation of the new trans-
: former is planned for the first week in
November. Customer 1s using space "as is"
on a temporary basis.

Lead Lining, Shielded Personnel An order bas been issued to J. A. Jones
Monitoring Cell - T47-A Building for performance of the work.

Winterize 306 Buildiﬁg Heating Work Orders have been issued for completion -
and Ventilating System of winterizing work.

’ 2 3 3 q 84 UNCLASSIFIED




UNCLASSIPIED B-7 EW-62587

Title Status
High Level Dissolution Facillty Dissolver design complete. Dissolver will
325 Bullding be mocked-up after fabricatic: for testing

before proceeding with rest i dessign.

Space Rearrangement - 3706 Building An estimate for proposed work has been
received. Work is awalting approval.

Animal Farm Disposal System Design nearly complete. Estimate on pum
141-M Building replacement is being received.

108-F Building Solvent Storage Design complete.

Blectric Hoist - Graphite Shop - Design complete. Estimate to Ye received
3730 Building on aliernate proposal.

Fuel Rod Feeder Tamper - 325 Bldg. Design complete.

Unfired Pressure Vessel Burvey Work continues on this program.
and Inspection

Drafting & Design Services

. Design and drafting work in progress includes the following:

1. PRIR prototype loop - "As-Built” - 314 Building.

2. Manipulator Model IT “"As-Builts". -

3. Calandria revisions during fabrication - PRIR.

Lk, Shielded mechanical properties testing facility - 326 Building.

5. Miscellaneous equipment for high level radiochemigtry cell - 325-A Bldg.
6. Hanford area map sampling grid for atmospheric diffusion studies.
7. PRTR Fuel Examination Ducts.

8. PRTR gas loop - in-reactor.

9. Post heat treat roller.
10. Shielding for tensile machine - 326 Building.
11. Autoclave installation, 325 Building.
12. Transfer Hocd with conveyor - to transfer Pu oxide - 308 Building.
13. Fuel rod wire machine - 308 Building.

In addition to the zbove work, miscellaneous small design drafting orders are
in progress.

Work is being performed on layout and details of projects CGH-83L - Modifications
and Additions to High Pressure Loop - 189-D Building; and CGH-838, Fission
Product Volatilization Studies Test Facility - 292-T Building.

UNCLASSIFIED
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Maintenance & Bullding BEngineering - Landlord Functions

Costs - September, $118,607 August, $100,607 First Quarter, $301,024

Analysis of Costs - $301,024 = 103% of forecasted $292,500, and 19% of
annual $1,572,700 budgeted. Recent budget cut of $115,000 changes these
percentages to 100% and 20.6% respectively. The new forecast based on
first querter actuasl costs reflects a reduction in the Unusual (or
Improvement) Maintenance budget and in the General budget. As of
October 1, we have $87,300 still in the improvement budget. OQut-
standing commitments such as in 327 and 328 Buildings will probably
reduce this by $38,000 to $50,000.

Unusual Maintenance

Item September FYTD
HV Correction 3 5Th $ 2,393
Relocation & Alteration L, hak bh,g1h
Move Furniture - 237
Paint 2,012 2,404
Electrical Improvements goz a2
Lighting 143 148
Refilter TOL 701
Miscellaneous - 181
$ 8,781 $ 11,900
Miscellaneous ‘

Approximately 170 drawings including sketches, work sheets, and form
drawings were completed during the month of Qctober by Drafting.

Approximately 13,450 square feet of prints were reproduced during the
month.

The total estimated value of the 25 requisitions issued during the month
was $16,000. Material procurement and control is being performed by HIO
projects and plant operaticn.

TECHNICAL INFORMATION OPERATION

There were three personnel changes during the month. Two (General Clerks left
on pregnancy leave. The position of Supervisor, Reference and Publication,

was filled by Peter R. Stromer, from the Light Military Electronics Department
in Schenectady. _

UNCLASSIFIED
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The inter-Departmental task force appointed tc study the control of access to
doecuments in the Classified Files has issued a preliminary report for Depariment
reviev and comment. The report recommends that (1) we recognize four sensitive
areas of information at Hanford (2) that sll documents in these four sensitive
categories be specially marked (3) that the present access system be abandoned
entirely (4) that there be no restriction on withdrawal of documents from Files
except those in sensitive categories (5) that the "Red Label" or"Circulation
Limited" markings be retained for those special situations where it is desirable
1o closely 1limit the circulation of a report.

A major revision of the Standard Distributlon Lists for Clessified Sclemtific
and Technical Reports (M-3679) will be made. The revision will eliminate 21
of the present 37 categories in M-3679 on the basis that there need no longer
be any classified reports issued in these categories. In addition, the scope
notes for C-42 (Reactors - Production} are going to be re-written snd expanded.
A new Category C-65 will be created into which will fall Savannsh River and
Hanford Research and Development reports which contain production information
or information from which production data can be inferred. Under the revised
system, all Research and Development reports emanating from Hanford will be
either unclassified or, if classified, assigned to Categories C-L2 or C-65.

Topics proposed by the Specialist, Classification-Declassification at a
Washington meeting of AEC end Contractor Classification personnel and briefly
discuseed were as follows.

(1) The conflict between the Commission's policy of releasing all in-
formation on the disposal of radiocactive material to the environs with
the policy of classifying information which may disclose production
information. HAPO has been in an "in-between" peosition in this area
for some time. Compliance with classification policy accounts for the
inability to release certain data. Fallure to release data for classi-
fication reasons can be misinterpreted as purposely withholding the
information from the public. The Director of the Division of Classi-
fication advised that he would distribute a memo to 2ll concerned
reaffirming classification policy as it relates to information on
disposal of radicactive materials to the environs.

(2) ARC Conference Papers

In the past, papers for preseatation at AEC Conferences, especlally
international meetings, have been handled cutside the normal pro-
cedure. In each case, problems have arisen because of failure to
follow established clearance procedures. The Director of the Division
of Classification said he would continue %o endeavor to obtain the
cooperation of the Division of International Affairs in processing
such papers through established classification-declassification pro-
cedures.

{3) Classification guidance on budget and cost data.

Work has not been completed on & proposed gulde.

1233987 LRSS IED
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Two other points of interest to Hanford were mentioned: (1) A-new weapons
classification policy has been approved by the Commission and is now in the
hands of the Military Liaison Committee and (2) a proposal made by the
Division of Classification to the Commission to deelsasify U-235 production
rates was not approved.

The Keypunch Operation has tsken on additionsl work from two components in
Physics and Instrument Research and Development Operation. A total of 22-1/2
hours was spent on these jobs with the time charged to the two units' codes.

A simplified preocedure for handling unclassified microcards has been set up.
The procedure eliminates the standard procedure of preparing a File Record
Card in Pavor of stamping the word "microcard” on the number card in the
reports catalog. The new procedure eliminates a great deal of typing and
will save space in the Files which pouse the File Record Cards. New micro-
cards are being intentionally side-tracked for about two weeks to allow time
for the recelpt and filing of the catalog cards from TISE, Qek Ridge.

The increasing distribution of reports in microcard form by the Commission i1s
posing a number of problems. At the present time new microcards are coming

in at the rate of sbout 200 a week and over a period of months a large hack-
log had sccumulated. It has been necessary to work ten man days of overtime

to reduce this backlog, even with the simplified issuance procedure mentioned
sbove. Another problem is that microcard readers are not available in the
outer areas. Future plans call for locating at least one in all msjor areas

80 that persomnel will not have to travel to the 300 Area each time a microcard
report is needed.

Work Volume 3tatlstics

September October

Document Digtribution and Files

Documents routed and discharged {copies) 16,205 17,780
Documents issued {(copies) 12,04k 12,522
Documents sent offsite {copies) 3,492 3,941
Document reserves filled (copiles) 916 798
Documents picked up and delivered 19,599 19,662

Document Accountsabllity

Heolders of classified documents whose files

were inventoried hal 667
Documents inventoried in Files (copies) 16,669 7,563
Documents destroyed or retired (copies) 1,167 3,912
Documents revised (copies) 1,188 827
Documents pulled and documents filed (copies) 11,017 13,280
Documents reclasgified 234 171
Accountable copiles of SECRET and DOCUMENTED

CONFIDENTIAL documents onsite 209,011 212,961

UNCLASSIFIED
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HW-62587

September October

Reference and Publication

Books cataloged (new titles) 219 103
Books added to the collection (volumes) 358 228
Ready reference questions answered by pro-
fesaional staff 137 98
Literature searches by professional staff 109 111
Reports abstracted (titles) 267 268
Formal reports prepared {titles) 10 8
Offsite requests for HAPO reports (copies) 328 2he
Reports released o CAP (titles) 15 23
Library Acquisitions and Circulation
Books ordered {volumes) 276 235
Pericdicals ordered 93 398
Books circulated (volumes) 1,737 2,120
Periodicals circulated {issues) 2,752 3,780
Inter-Library loans ' 78 65
Films borrowed or rented 25 17
Industrial film showings 43 60
Bound periodicals added to the collection 217 8h4
Library Collecticn:
Main Library W-10 Library 108-F Library Ind. Med. Total
No. of baoks 27,731 8,268 1,503 1,986 39,488
No. of bound
periodicals 12,660 1 1,431 96 14,188
40,391 8,269 2,934 7,082 53,676
Clagsiflication and Declassification
- September October
Documents, including drawings and photographs re-
viewed for downgrading or declassification 32 2
Documents and papers (intended for oral pre-
sentation or publication) reviewed for appro-
priate classificaticon : 37 by
Documents submitted to Declassification
Branch, O=zk Ridge 13 6
%agﬂ, :
1233989 Laboratory AuxilliSrdes
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UNCLASSIFIED I-1 ' EW-£2587

FROFESSIONAL PLACEMENT AND RETATONS PRACIICES OPERALION
MONTHELY REPCEZ

CENERAL

As of October 31st, %the staff of the Hanford LaToratories totallesd 1320 employes:z, in-
cluding 636 exempt and 664 nonexempt. There were 546 employees possgsaing taschnical
degreea, inecluding 334 E.S., 112 M.8. ard 100 Pr.D.

COMMUNTICATIONS

Preparations are underway for a half-kour televirsion show on radiation protaction
tentatively scheduled for December 17.

¥
T
L
ny
e
o+
iy

An open house at the Plutonium Fabrication Pilot Plant waz held onm Doto ith for emr.

ployees of the Plutonium Metallurgy Cperation and fhsir families.

EMPLOYEE COMPENSATTION

Copies of the “oocklet, "Exempt Bmployee Compercation and Promotion ard Trarnszfsr Coo-
gsideratiors,” wers made aveilarle to supervisors of exsmpt rersonnel.

HIO galned 21 new memters in the Good Neighbor Fund as g reauwli of the Iistsaszt z:zpaign.
This is & galn of 1.5% in participation.

HEALTE, SAFETY AND SECURITY

The medicsl treatment fraquency for October was 1.52 ss comparsd with 1,97 laszt monti.
There were 5 security vicletions during October, Ttringing tha ftohel for ths vezr o
date to 38.

tl’

During the month, an injury which occurred on Sephember 29tn wes rsclaw:ifisd 23 2
dizakling irjury and occurred when an empioyee smashed a finger which »zjulired ampus
tation on Jctober 12, This reprezerts BLO's zzcond dAisablizg injuwy =izas 1584,
PROFESSIONAL PLACEMENT

BS/MB rearulting for the 1939-60 rzcruiting yiar began oz QOctober 7. Duss e

month, 7 recruiters visited 10 uriversities, Barly indications zre tha *hﬂ deqpard
for engineers 1s Increasing over last vsar; however, studentsz' response %0 our Ints
view visite has been excellent. Seven offers were extoidsad to zyperiezcsd gradis i
and 6 acceptances were received during ths month, FRecrultirg schivity in thiz ar-3
has decreased materislly durlng recent wesks. Two PuD offers wars sxisnded snd 2
acceptances were received during toe montk. Two PhD's reportad on the roili for LD,
During October, HAPO participated ir Company FhD recruilting at Texas, Rizssz, Purduz,
and Illinois,

-

-~

Four Technical sradustes were =dded to ths Irafring Program rolls durirng Jcltoter
and 8 were piaced or permanent assignment. Th=2 total force in the Ir=lzing Frogran
on October 3lst was 78.

TRAINING
- Clagses 11 and 12, PBM-I, totalling 40 Iatorstories pﬁop¢ﬁ were stert=d. Iwelvs

Latorgtories pﬂopl° enrelled ir Understarding People. Fiftesn Brgiresrizg Azsistants
werei onrollednin the Applied Creativity course, Ihe Information and Orizrtation

1234603



UNCLASSIFIED I-2 HW-62387

geries continued.

EMPLOYMENT

Twenty-three nonexempt requisitions were filled during the month, With the re-
ceipt of 12 new requisitions and 2 cancellations, tkere were 15 openings at month's

end, for which & candidates are in process and 7 fransfers ars pending, leaving
2 yet to te procured.

Manager,
Professiocnal Placemsnt

arnd Relations Practicez

TG Marzhall:tr

123400k UNCLASS IFIED
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UNCLASCIFIED

TASLE IT NONEXEMPT EMPLOYMENT

NopExempt Employment Status Sezt.

Requisiticons
At end of month 31
Cancelled 2
Received 26
Filled | 22

1234001

23

HW-62587

Nonexempt Transfer Hequest Sept Oct,
Transfers
Active cases at end of mo, &3 20
Cancellad A &
New 4 7
Transfers affected 2 4
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UNCLASSIFIED I1-7 HW-62587

¢ - Technical Graduste and Technician Traiding Program
Month ending October 31, 1959

TG Prograum IT Program

Number Personnel on assignment 7L 7

(HAPO Tech Grad Program.......03

(Western District E.P. ......, 8
Distribution of assignments by Depts.

7O 23 3

CE&UO 1 0

FPD 1 0]

IFD 38 L

CPD 8 0

Distribution of assignments by function

R&D or Engineering L9 7
Other 22 o

1234009
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FINANCTAL CPERATTON MONTHLY REPCRT
OCTOBER 1859

Perscnnel

During Cctober, two employees (1 exempt and 1 salaried) were transferred from
CE&UO Finsncial to HLO Cost Accounting to perform the accounting for HLQ PAKC
and Equipment Projects.

Activities

GENERAL ACCCURTING OPERATION

AREC approval was requested and granted suthorizing payment of an cver-run of
approximately $3,500 on an Assistance o Hanford job assigned to the Steam Tur-
bine Gererator Department. The Commission in spproving the overpaymenit cautioned
against further over-runs in excess of the permissible 10% limit.

A questlonnaire was forwarded to Section Managers regarding the desirapility of
econtinuing the special report on "Announcemernt of HLO Trips and Visits".

A review of Continulty of Service accrual rates indicated that raies currentiy

in effect weuld be continued through December 31 at which time a further review
would be made. The review, however, resulted in a determination tha%t it would

not be necessary to make a second special accrual of $18,500 to fund incentive

shares incidental to the Security and Savings Program.

A-Manual op Travel and Iiving Expenses policies and procedures for Eanford Labora-
tories was distributed early im the month. Travel activity dropped sharply from
that experienced in September feollowlng the 4rend noticeable during the past two
fiscal years. Total asctivity for Octsber despite the drop was considerably higher
than that experienced in October 1558.

Quarterly ianvemtory reports for the quarter ending September 30, 1959 were received
from all HLO custodians of special materisls and reconciled with Financial invan-
tory records by Comiract and Accounting. WNeo discrepanciles wera reporiad between
physical inventory and +the reconciled book value. A compariscn of the September 30,
1959 balance ($182,626) with that of June 30, 1959 ($196,11%) shows a net decrease
of $13,488. The decrease was principally due to an off-site shipment of platinum
valued at $13,401 to the ABC New York Operation for recovery.

Classification activity included the review of 639 purchase requisitions and 802
work orders for capltal-expense determination. The work isad in comnection with
classification aetivity has been Iincreasing siteadily. October activiity repre-
sented a 17% increase over September business.

Preparations were completed and a procedure distributed for the physical iaventory
of movable cataloged equipment in the custody of Blology Operation. Due to a
change in the closing schedule of input data to IBEM the inventory was rescpeduled
from November 2 to November §, 1950 in ordar 4o have an IBM listing available for
recording the count.
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All fleld work in connecition wiih the physical inventory of movable cataloged
equipment in the custody of Laboratory Auxillaries is complete and the reconcil-
iation of 3 items of equipment inventpried which were not on reacord is in progress
by Contract and Accounting. Cme item valued at $180 was not physically located.
Upcn caepletion of the recconciliation by C%A a formal report of findings will be
igssued.

The laboratory equipment pool (Building No. 3718) is nearing completion and should
be ready for occupancy and operation by November 13, 1959. A revised procedure

to simplify the movement of property into the buillding is being prepared and will
be distributed scon. In additicn %o the new building ve are to recaive one of
the PRTR warehouses around January 15, 1960 which will be partially utilized for
the storage of contaminated equipment clesred for storage by the appropriate
Radiation Monitoring group.

A comparison of equipment expenditures for FY 1960 with FY 1959 at October 31,
1959 1s shown below:

Program FY 1959 FY 1960
2000 $270,470 $315,332
3000 30k 9,328
hooo h7,623 90,21
2000 6,027
6000 4,956 17,750

Totals | $323,253 $4 38,678

We are curreatly $115,000 ahead of FY 1959 on expenditures, commitments are approx-
imately one milliomn dollars greater and appropriation requests im both quantity and
doliars are about two months ahead of FY 1959.

Although expenditures for the first four months of FY 1960 are low in comparison
to our total allocation, paperwork has been initiated which indicates a brisk
third and fourth quarter expenditure activity.

COST ACCOUNTING OPERATION

Arrangements have been completed foar tramsfer of accounting responsibility for
thirteen presently sathorized projects from CE&UO to HLO, effective with November
business. Weekly reports covering these projects and newly authorized projects
will be published during November. The thirteen projects to be transferred ara:

CG-T785 In-Reecter Studies Equipment, 100-K
CGH-801 X-Ray Diffraction Cell, 327 Building
~ CGH-805 High Temperature Tenaile Testing Cell, 327 Building
CoE-819 Increased Laboratory Waste Facilities, 300 Area
CAH-841 Bigh Pressure Loop
CAR-842 Critical Reactivity Measuring Pacility
CGH-857 Physical and Mechanical Properties Testing Cell, 327 Building
CGH-858 High Level Utility Cell, 327 Building
CGH-860 Access for FRIR Fuel Elements, 327 Building
CAH-86}4 Shielded Animal Monitoring Station, 100-F
CGH-866 Shielded Analytical Laboratory
CAR-867 Puel Element Rupture Test Faclility
CAE-8T0 Facilities for Recovery of Radioactive Cerium, 325 Building
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New projects for which HLO will provide accounting are:

CGH-8Th Comsolidated Plutonium Metallurgy Facility

CGE-8TT Pyrochemical Test Facility, 321-A Building _

CGE-878 Additional Facilities for Isotope Study on Animals, 1B1-C
Building Addition

Weekly reports covering work assigned by HLO to J. A. Jones Comsiruction Company
are now being published by HLO Cost Accounting, first issue covered week ending
Qetober 25.

A proposed procedure covering the HLO - J. A. Jones Construction Company relation-
ship and method of authorizing work was drafted for Laboratory Auxiliaries

Cperation., It has been propesed that this procedure be distributed within HLD 4o
all components which may be requesting work from J. A. Jones Construction Company-

A special report of recruiting costs for FY 1959 was prepared with the cooperation
of Professional Placement and Relaticns Praciices Operation and submltied to Prime
Contract Administration for consolidation and submission to the AEC. This report

will be required each year In the future; due in the month of August.

An itemization of Banford Laboratories off-site contracts for FY 1560 was submitted
to Contract Acgounting as a part of the FY 1960 Midyear Budget Review. The balance
of the required data will be submitted in time to meet the November & due date.
Revised budgets have been prepared for each section and will be included on Qctober
cost statements.

In connection with the revised budget for Bulldings and Utilitles Operation (reduc-
tion from $1,572,700 to $1,457,700}, new rental rates were caleulated and put into
effect on Cctober 1, 195G.

Two meetings were held during Octcber with the Manager « Facilities Engineering.
and members of his Engineering Operation concerning conversion of this ccmponens
to the work order system, effective October 26, 1959. A set of instructions

and recommendations was prepared by this office and issued to interested perscnnel
on October 23, 1959 for use as a gulde on werk order applicatiom.

New forms have been designed, and several meetings held, regarding conversion of
Hanford Laboratories' work order servicing organizations to separate time disiri-
bution. Effective date will be November 30th, if Data Processing can provide
the necegsary programming in the interim.

Work Identification Code .81 was established for the accumulation of costs
agsociated with the Actinide Element Research Program, recently funded in the
amount of $100,000 by the Division of Research.

GENERAL

An audit of maintenance was gtarted during the month. Its main purpose is 1o
agsess the adequacy of ELO maintensnce levels. No specific steps to determine
the accuracy of charges to HLO are planned.

The Drafting Operation's work acceptance and liquidation procedures were reviewed
. briefly in order to avaluate the advisability of conversion to the HAPO Work Order
system. Reccmmendations are being drafied.

1234012 D




UNCLASSIFIED J-h BW-62587

Cne hundred snd eighty-nine employees not particlipating ia the Savings and
Security Plan received a 3.46% salary adjustment effective Octocber 1, 1959.

Recent Bureau of labor statistics figures indlcate a further rise irn the cost
of living index resulting in a .59% wage increase for all salarisd employees.
This increase was effsctive Ociober 26, 1959 to be reflected in salary checks
for week-ended 11-6-59.

Statlstics prepared for Consolidated Payroll Reports and Statistlces; Schenectady,

indicates a growth in college graduates in HIO - from 452 at 10/1/57 tc 589 at
10/1/59.

). Aot

Manager - Finance

W. Sale:bk
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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 ag listed below. Such
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.

INVENTOR - TITLE OF INVENTION OR DISCOVERY
E. J. Wheelwright Separation of Cerium from the Trivalent

Rare Earths by Oxidation and Precipita-
tion of Cerium Using Hydrogen Peroxide
and Sodium Acetate. (HW-62547)

L. A, Bray, et al Sulfate Process for Recovery of Strontium
from Purex Waste.

R. G. Clark Temperature Measurement with a Probe
J. Muraoka that does not Touch the Surface.
E. E. iz

At

o B Purdiar)
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