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OPERATING EXPERIELNCE i;ﬂj LTIRE e
Production R I T
Record reactor production of Pu exceeded the November maximum
by 3.3%. Forecast was exceeded by 9.5%; 12.9% at the six old
reactors and L.77% at the K's.
Efficiency
Over-all time operated efficiency’ was 8L.9% (8275 forecast);
86,37 at the six old reactors and 80,6% at the K's.
Power Level
The combined reactor instantaneous power level was inercosed
2005 megavatts (18,580 to 18,785). The individual reactoy rooord
pover levels were increascd 90 megawatts at KV (3910 to hoon),
70 at B (1175 to 10L5), 25 at D (1785 to 1810), 20 at C (2070 o
2090), 10 at I (1890 to 1900), and 10 at F (1825 to 1933). Input
production records were achieved at D, DR, I, H and KW reactors
during December,
Power Level Limit
The 1limit to the power levels of six of the eight reactors
during this report has been rupture control considerations,
However, II and ! reactors were limited for a portion of this '
period by the administrative safety limit, &%ﬁ S'{FH

Fuel Ruptures

Thirteen ruptures, six IXE regular metal, five I%E enriched, one
solid regular, and one KER were removed from the reactors. Three
of the I&E regular ruptures were at KE and one each at B, T, and
H., Two of the enriched ruptures were at KW, two at C and one at
KE. The solid rupture was at DI, O
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DECLASSIFIED

Maintenance and Fquipment Experience

1. Ten process tubes were installed; eight at B and two at DR.

2. Tour tube leaks and one Van Stone leak were corrected. Two
tube leaks were at B and one each at DR and HI. The Van S3tcne
leak was at F. ‘ )

3. The No. 5 river pump at 101-D was removed from service bLecause
of excessive vibration. Inspection show?d a crack in the lower
column section of the pump, which was corrected by welding.

L. The transformer supplying the L.,16 KV bus "A" at 165-KJ failed
December 5, 1960, but reactor operation was not affected.

- |The failure of a rear-face Parker fitting on tube 3776 in D

' {Reactor was investigated. The fitting cracked in the thread-
;<)relief area. A peculiar type of pitting completely through the
" /fitting near the flare area was obsarved. The fitting is under-
. |going metallographic testing and examination in Hanford Labora-

i tories Operation. This is the second failure of this type, the

first fitting crack being observed at I reactor in early 1960,
! .
The KFR front face lateral and inlet connectors have been removed
from loops number one and three for destructive examination. The
rear-face lateral from loop number one was removed because of a
lezk in a flared fitting, Sections of the tubing will be tested
to determine the effects of service environment, In particular,
the rusting of carbon steel (from loop 1) and the potential for
stress corrosion cracking of stainless steel (from loop 3) will be
monitored to determine the cumulative effects of water leaks on
the front face.

Three horizontal . control rods at K& Reactor continue to be only
partially insertable due to the lodging of 3X balls in the rod
channels. Current operation is only slightly affected by the
partial loss of these rods.

The design for an inlet-nozzle reinforcing cleeve to convert
present inlet nozzles for use with bumper fuel ‘elements has been
completed. The sleeve replaces existing nozzle lug rings with
integral lugs, which transfers the charging machine and end cap
loads from the snap ring groove, which has been weakened from
enlarging the nozzle barrel, to the heavy section of the nozzle
barrel. Ten Sleeves have been fabricated for testings.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United Stales
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific coinmercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by th: United States Government or any agency thercof. The views
and opinions of authors exyressed herein do not necessarily state or ‘reflect those of the
United States Government or any agency thereof.
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Outages for the month of December are as follows:

B REACTOR
Date Date Outage
Down Up Hours
11/30 12/3 65.3
12/18 12/19 35.9
12/21 12/23 lh.1
¢ REACTOR

12/ 12/8  89.L
12/1Ly 12/15  33.7
12/25 12/27 Ll.8
12/29 12/29 0.4
12/30 12/30 0.3
D _REACTOR

12/12 12/15 ©55.2
DR_REACTOR

12/11 12/13 1.8
12/22 12/23 36.9

Remarks

Removal of an I&E regular metal rupture
from tube 3566 and miscellaneous
maintenance.

Removal of an I&E regular metal rupture
from tube 1559,

Leak testing and replacement of tubes
1276 and 2376.

Scheduled charge-discharge and main-
tenance. Two channels were successfully
overbored.

Removal oi' an I&E E metal rupture from
tube 0957.

Removal of an TI&E L metal rupture from
tube 2276,

Leaking front pigtail,

An unexplained Beclkman trip.

Scheduled charge-discharge.

Removal of a solid regular metal rupture
from tube LO90 and charge-discharge.

Leaking tube 3275 was replaced.
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Date Date Outage

qun Up  Hours Remarks

11/30 12/2 L7.4 | Removal of an I&% regular metal rupture
from tube 1/577 and charge-discharge.

12/3  12/3 1.5 Open gamma monitor sample line.

12/3 12/ 21.9 Water leak - a gasket leak on tube 085

was corrected and a new Van Stone was
~ formed on tube 096l.

12/17 12/19 5L.6 ~ Removal of an IZE regular metal rupture
from tube 2861 and charge-discharge
and maintenance.

H REACTOR

12/26 12/29 55.8 Removal of a stuck IZE regular metal
rupture in tube 1472 and charge-discharge.

12/29 12/29 0.3 Unexplained Panellit trip.

0% REACTOR

12/7  12/8 42.8 Removal of an I%H T metal ruptinre from
tube 5369, Installed tiro single pasc
tubes for 1706 system,

12/8 12/9 3.0 Replaced venturis in two tubes,

12/9  12/9 6.2 Tripped due to a rﬁpture in loop 3,
(PT-IP-3094),

12/10 12/12  36.4 Removal of an I&E regular metal rupture
from tube 376,

12/15 12/17  3L.7 Removal of an I&E regular metal rupture
from tube 1351, charge-discharge and
miscellanedus maintenance,

12/18 12/18 0.5 Tripped due to a ruptured spline cap

seal on tube }508,

y 4
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KE REACTOR cont,

Date Date Outage

Dovm = UP [lours

12/18 12/19 31.6
12/20 12/20 0.h
12/21 12/22 31.0
Y REACTOR

w20 12/5 W12

12/21 12/23  60.6

S -
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Remarks

Miscellaneous maintenance following a
high pressure Panellit trip.

Adjusted shielding in two vertical rod
channels,

Removal of an I&E regular metal rupture
from tube 5055,

Removal of an I&E E metal rupture
from tube 5359. Charge-discharge.

Removal of an I&E E metal rupture
from tube 5261.

DECLASSIFIED
A
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Self-Supported Muel Development

Thirty colums of CIM'S fuel were discharged from C Reactor at an
average exposure of 918 MWD/T during the outage of December li, 19¢0,
One tube (3672-C, 878 IWD/T) failed to move under full force of the
charge machine, and it was classified as the first stuck charre
experienced in a self-supported fuel geometry. The tube was finally
discharged with charging machine forces after undergoing a series

of oil flushes between pushes.

The modified prototype charging machine for self-supported fuel
elements was demonstrated successfully at C Reactor during the
December L outage. Some further slight modifications to the machine
will be required.

Bumper Fuel Development

Twelve tubes of bumper fuel elements (L-rail) were successfully machine
charged at D Reactor during the December 12 outage, bringing the total
number of bumper charges in D Reactor to 36.

Post-irradiation examinations of bumper elements to determine the
associated hot-spot frequency reduction have been completed. The
data are being prepared for machine analysis,

Hot~-spots were observed on some bumper fuel elements fitted with
collapsible bridge rail bumpers, The data have not been fully
analyzed as yet, and the full significance of the observations is
not yet apparent.

Three bumper fuel elements that exhibited high weight losses will be
sent to Radiometallurgy for residual can-wall determination., One
control piece that exhibited a post-irradiation ellipticity measurement
of 69 mills will also be sent to Radiometallurgy.

=N Calculations

The E-N K< calculations previously done were repeated using the
corrected P; and "Idiot" program results. The relative length
ratio was l&.hS E to 1 N when the Ke''s were matched for the hot,
clean, wet case. This [-N ratio may be too high, since the same
axial flux distribution was assumed for both hot and cold cases.
The above results were based on the assumption that the measured
Ii-11 ratio of 1;,95 to 1 matched the natural uranium reactivity
for the cold, dry case,
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Rear Face Comectors

Pending the availability of improved rear face connectors being
developed by the Materials Development Operation, an acute need

for replacement units has arisen, particularly at H Reactor. To
minimize a possible emergency due to lack of replacement components,

the design, specifications, drawings and purchase requisitions were
provided for an interim connector of the helical (du Pont) configuration,
with Inconel as the tubing material. Satisfactory bids for 31,000

of tubing have been received, and order for this quantity has been
issued to International Nickel Company, Ten to eleven thousand
connectors can be made from this amount of tubing.

Remote Rear Face Equipment

Thirty-five additional flapper cap seals were installed on KT Reactor,
making a total of 88 flapper caps and six ball caps under test. Upon
startup, 33 of these cap seals leaked and were removed pending re-
placement with a newly designed seal. On December 22, most of the
flapper cap seals were rearranged in three horizontal rows, 51, ne,

and 53, for operating convenience, and additional caps were installed.
At present there are 73 flapper seals and six ball seals on the reactor,

Vertical Safety Rods

Preliminary designs are being prepared for replacement of vertical
safety rods at 105-C Reactor, Graphite distortion has rendered
two vertical safety rods inoperable and caused binding in three
additional. rods.

Graphite Distortion

An engineering study for restoration of the X Reactor graphite stack
has continued, and the following study items have heen completed:

(1) Shield bracing and motion monitoring
(2) Evaluation of materials for horizontal control rod slesves

(3) Determination of rod deflection and pushing forces with
saddle blocks, ahd

(L) Evaluation of ceramic sleeves for the horizontal control
rods,

The study indicates that graphite sleeves for the horizontal control
rod channels are feasible, and it recommends their installation.
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’ Mattress Plates BEBMSSF iEn

An improved mattress plate material for the reactor discharge basirs
has been formulated and tested for resistance to water, radiation, and

impact. The material, lfycar Buna N #1002, was specified for replacement
mattress plates at the DR Reactor. ‘

IISCELLANIOUS PROGRAMS

Reduction of Reactor Effluent Radiocactivity

- The test at 100-B measuring the effects on effluent activity of adding
18 ppm aluminum sulfate in the water treatment process (about four times
the normal concentration) was terminated December 8, because reduction
of radiosotopes concentrations had apparently leveled off. The
following reductions were reported: Py -60%, Cu 6L -33%, As 76 - 753,
Zn 65 - 33%, Or 51 - 257, and Np 239 - 67%.

The test at 100-H measuring the effect of adding 20 ppm aluminum
nitrate in the water treatment process is continuing in order to
study corrosion effects, The following reductions were reported:
Pas - 700, Cu 6l-333, As 76 - 753, Zn 65 - 254, Or 51 - 25%, and
Np 239 - 655,

Lxperimental Water FMiltration Facility

At the request of Coolant Testing Operation, and with assistance

from Construction Engineering and Utilities, work was started on an
engineering study of a model filtration plant to be used in conjunction
with the single pass 1706 I facilities in a research program on
reactor effluent activity. The merits of modifying one of the existing
1706 filters, as compared to building a new filter bed, is being
evaluated as part of the program of investigation,

Ilitrogen Test

The initial replacement of CO, as a pile gas by N, under PT-IP-358-AC
occurred without incident in FCE Reactor, A gas composition of

about 75% He and 25% N, was attained, The purpose of the test is

to evaluate this method of reducing graphite burnout via the C-C0o
reactions,
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. Columbia River Ilow

On December 21, all Priest Rapids turbines relayed out, shutting
off all river flow at the dam except turbine flow (about 10,000

to 12,000 cfs) for about twelve minutes. It was reported that the
barges below the dam holding dredges settled to the river bed.
Dmergency power to operate the gates came from the contractor's
temporary line.

The dofferdams below the gates were washed out when the gates were

opened and river flow was restored. The river gage station one mile
below the dam showed that the flow there held above 36,000 ofs.

REACTOR IMODIFICATION PROGRAIM

:Oversize C Reactor Tubing

As reported last month, Zircaloy tubing for the 20-tube ovarboraed
facility has been ordered. The 12 tubes ordered from Allegheny
Ludlum Steel Company have been extruded and tube reduced. After
final sizing and inspection they will be shipped.during the weelk
of January 0, Other Ur and Al tubes on order are expected to be
delivered about February 1, 1961,

Zr-Tube Fabrication

The ilah Chang Company scrap recovery process appearsg to yield reactor-
grade sponge. It may be desirable to perform further out-of-reactor
md in-reactor tests on the material at Hanford,

Reactor lHardirare

During an unscheduled C-Reactor outage December 26-27, overbored

channel 116l was counterbored for the large-size punbarrels. Inctallation
of oversized hardware was completed and the tube was pressure tested,
charged, and is operative. A standard sized process tube was used in

the absence of oversized tubes, and a sleeve was installed to fill the
annular space in the oversized punbarrel which would ordinarily be

filled by the oversized tube,

-
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Dovmconer Capacity DE §! Jgﬂ
’ Preliminary rosults of a study to deter the adequacy of the C

leactor downcomers for proposed flow increases to 115,000 gpm
indicated that the downcomer trays should be perforated and the
individual tray vents eliminated. The remainder of the system,
downcomer approach section, and ei‘fluent lines appear to be
adequate.

Control Strength Studies

A study is being made to determine the strength of the ball 3X system
in the ovnrbored flooded C-pile, The present methods used are not
adequate to describe the real physical systems and it has been
necessary to investigate more detailed methods. This involves a
mlti-region and possibly  a two-proup calculation,

NEW PRODUCTION REACTOR

Fuel Testing

I0R-1: Ten IIN-1 elements were charged on December 0, 1960, under
PT-IP-378-A, to evaluate the effect of different heat treat-
ments on fuel distortion during high temperature irradiation,

IER-2 and KER-Li: The charges of K3I-3 elements with brazed end closures
have reached an exposure of about 5,0 MWD/T.

IGR-3: A failure occurred on December 9, 1960, in the F3N-1 elements
being irradiated under PT-IP-309-A and PT-IP-309-A, Supplement
A, at an exposure of about 1730 I4/D/T. The fuel element
Jacket was circumferentially split just below the weld bead,
The mechanism of the failure has not been established, This
was the first test of unbonded, flush-seated cap, welded end
closures, Loop 3 was recharged on December 15, 1960 with
four KGE-3 elements, PT-IP-363-A, to evaluate the behavior
of larpge diameter tubulaxr element‘s with brazed end closures,

Graphite Procurement

Top and bottom Reflector: Shipment of final bars from Great Lakes

Cax(;gon Corporation plant in Morgantovm, N, C., was made Decenber 15,
19

® e
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Active Core: All of the required 6" x 6" solid bars have been
recéived from the National Carbon Company plant in Clarksburg,
VW, Va., This represents about one-third of the number of bars
end one-half of the total tonnage of bars ordered for thu active

corc. All material in general appears to be of satisfactory
quality.
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Oﬁ?ce Memomndum e UNITED STATES GOVERNMENT

TO ¢ PE&l Files :AALSS_E,ED DATE: December 9, 1900
f

FROM : R, L, Plum Chie IN1-7L591 —P& L
[icactor Branch Rpt. No. 11

SUBJECT: [OIT'ILY RETORT ~ LOVTI B, 1060
Oli :GTO : GRG This document consists of___lz.__,paqes

Seri

Ol SRATING LYPERIZNCE

Production

Reactor production established a neu record, excecding the
previous maximum (llay, 1060) by 0.3 percent. Forecast
production was exceeded by 2.1 percent, 5.7 percent at the
six old reactors and 13.7 percent at the K's,

ifficioncy

-

cent forecast); OL.7 percent al the six ol reactors and
07.0 at the K's. =Ifficiency was high due to tho effectlive
utilization of unschcduled outage time to minimize scheduled
outage tima,

Over-all time operatnd efficiency was 05.3 percent (82 per-

Pover Lovel

The record for combined reactor instantancous pmwnr Jﬂrhl

wag inercased 325 megawatts (18,255 to 10,770) on oyt e 07
The individual reactor porrer ]nvp1 rnoordﬂ J1nve 1nvroa w70
wngauntts at 1l (3Ch0 to 3010), 5% at % (3000 to 397 ), by
at B (1730 to 177%) and 20 at D (1745 to 1707

loyer Lovel Limit

he primary limit to reactor levels durine this report nerind
has been rupture control considerations. N, DR, and !t Neactors
were rostricted for a portion of the month Ly bull outlet
wvater temperature limits.

A

K
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Decenber &, 1070
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Eleven ruptures, eight I&D regular, two solid regular and one I&D
enriched were removed from the reactors, Three of the IZE regular
ruptures vere at B, two at K% and one each at C, 1), and F, The two
solid ruptures vere at DR and the I&i enriched at K.

liaintenance

Aghleon procecss tubes vere installady 7 at L, I at Iy 2 ~L 3, !
C each at DR and I,

olx tube and si;z Ven Stone 1rator leal:s vore correctad, L ana v

had two tube leal'!s and DR and { had one each. Tour of Lhe Van olan-
leaks were at !l and one each at D and T,

A new 700 IL.P. motor (o, 10-C) installed in August wler Project
CGI-B8LS, "Increased Pumping Capacity - 181-C", failed and was
returned to the manufacturer (Lewis-Allen) at Portland, Oregon.

A fault in design of the lubrication system was corrected and

the motor returned to service. A sister motor (MNo. 1-C) was
similarly wmodified.

Vibration of thes crossheaders and thermally induced stress at the
crosslieader riscr joints are two major rear face pipine problems

at the old reactors. It has been proposed to eliminate thrse
problews by installing flexible joints at the ends of the cross-
headers and appropriate guides and supports along the length of

the crossheaders, Design for a prototype installation at il reactor
is complete. '

Neactor OQutages

Outages for the month of November are as follows:
B REACTOL

Date Date  Outape

otm  Up [lours Remarls

11/6 11/3 16,3 Charge-~discharge and runture removal,

11/7  11/8 3.2 Panellit trip due to plucpine of cone
screen in tube 3972,

11/1, 11/16 36,6 I&T regular metal ruptnre in Tube 1177,

11./30 Still down | gg(;&m repular metal rupture in inbe
560,
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C RIACTOR

. Date  Date  Outage
Do.m Up Hours

/60 11/10 13,3
11/11 11/11 O.h
D REACTOR

om10,/31-11/1 0 11/2 53.5
11/12 11/15 0.0
DR REACTOR

m 10/20-11/1 11/3 0 236.9
11/17 11/18 37,3
11/18 11/18 1.0
11/13 11/18 1.6
11,/20 11/21 36,2
11/21 11/22 1.9
11/22 11/22 1.1
I RTACTOR
11/13 11/16 70.1
11/16 11/16 1.0
11/10 11/21 3°,1
1T AL dorm

-3 - l December-,, 1960

llemarls

QL RO SIFIED

Charge-discharge and rupture removal,
Tvo channels were cuccessfully over-
hored 0,550" from the front flange to
the graphite.

Panellit trip due to a faulty gauge.

Charge-discharge and leak testing.

Charge-discharge and rupture removal,

Schedulsd ball 3X revisions and chute
liner and mattress plate replacement.

Leal: testing,.
Change venturi on tube 0757.
Panellit trip due to heat shift.

solid regular metal rupture in tube
1192,

Hanual trip due to insufficilent rods
for control,

Colid regular metal rupture in tube

2Ls5,

Rupture removal and charge-discharge.

AdJustment of shielding on air channel
2083,

Leak Testing.

Ie regular metal ranture in tnle 177,
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I IACTOR

-

-1 - . December &,..1960

e DECLASSIFIED

Dats  Date

Doim Up Hours
11/7 11/8 3.5
11/86  11/8 0.5

11/86  11/8 0.2

11/0  11/9 0.2

11/ 11/9 0.2

11/10 11/11 32.1

11/19 11/19 0.2

11/12 11/30° 32,3

11/27 11/27 0.2

11/28 11/20 33,1

3 RIACTOR

11/11 11/12  )6.6

/27 11/30  71.6

1Y REACTOR

11/11 11/1L  48.8

11/1h  11/1h 0.6

Remarks

Charge-discharge following a Panellit
trip.

‘Unexplained Panellit trip.

Unexplained Panellit trip on row LS.
Unexplained Panellit trip on rou 20,

ft 1" it " ! "
Leak testing following a Fanellit trip.
Unexplained Panellit trip,

lilscellaneous maintenance follouwing a
Panellit trip.

Unexplained lanellit trip on Tauge 3774,

Leal testing.

Charge~-discharge and rupture removal.
fupture removal., A rewound motor tras

Installed on /2 low 1lift pump and threo
1706 single~pass tubes wers installad,

Charge-discharge following rupture romoval.

Open two Gamma monitor sample lines.,
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. ‘ RESTARCIT ALID DIVAIOPIMNT - TYISTDIG REACTORS

Projection Muel Testing

"o unusual irradiation experience was noted during the month in {h~ 70
tubag of self-supported fuel elements in € Reactor and the 11 +ubea in
I' Noactor, Thirty-two tubes of these elaments rere discharpad from
Reactor during the llovember 6 outape without difficulty, The averare

exmosure of the fuel elsments discharged was 782 M.M/T,

Thirty-three tubes of test elements irradiated under PT-IP-242-11 in

D Reactor arms being eramined for hot-spot frequency at the 1n7-0

letnl Tramination Facility., Cixteen of these tubes vere charped :rith
bumrared fuel elements, seventeen 'rith normal elements. The ovposurns
range:d from 1100 to 1200 MD/T. As reported lact month, the irradiation
performance indicated a 30-fold improvement in rupture resistance at

a 95,5 confidance level or a 1G-fold improvement at a 99% confidence
level for the bumpered fuel elements.

Dumper TFuel Charging llachine

The prototyre of the charging machine for bumper fuel elements failed
to perform satisfactorily during the November 12 outage at D Reactor,
an‘l further modifications are necessary.

U fanyergion Natio Tast

~tatal from three addltional colums of the B-' convercion »alin 4aet
ar chipped to Mador on Movember 7. This mateorinl has boon diiculy.
ar! gample taken for onalwsis, The results of the analrods 1] mivn
alitional conversion rotio data on the strined and frinre nart of
the b= load, The results from the single column of the earliar
dissolutions have heen received, and they indicate higher Iu-230
conversion ratio and U-235 burnout than previously assumed, Tinal
reporting of the T-Il conversion ratios will await the receipt of

the results now being developed by CI'D.

’

i'rocose Tobe Outlet IMittines

Tha follorine combinations of outlat sizes hnve haen Antarmined to
he compatible vith requiremsnts for process tubn flouw protaction -
tha ponellit paupn srstom,
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F].OD EMSMIEBT‘ULH “nlarrad

Outlet IMittings

Ref. Ihndér Parlker Digtail Tyﬁe Nomzla Parker Tyre  TFlou Tnererso
Mo, Fitting ID and Jize Fitting ID Jloznle Porcont
1 6o ~du Dont ©=/0n Lot DIT 0

" o T Gron Ny b3

3 RaTell J-2 n/an 610N DOr 2,0

l JA10n J 3/Ln . 650 BDI 10,7

5 Netell J .B70m K 1.0

6 o700 J 700 it 0.2

study drarrings of proposed inlet and outlat procers tube assamhling
for modifying C Rooctor for uze of self-supported fuel elomonto
hove been made., This conecapt provides that the resr asgemhl: ba
Tized rigidly to the rear tie strapz, rith process tuba erronaion
alloved at the inlet ond only. eals, hoth pn= and uater, aro
fabricatad from materials other than elastomere,

Remoto Near-Toce “nuinpment

Aitional nowrle caps vere instolled on the resr-faca of thn
73 Meactor, brinrine the present total to RN, of yhish 4 are
flonper cans and four are hall cang, The nerdy dasimad senls
of Hoth tha hall ond flaprer typos appear to be functionine
cotisfactorily.

A rrototyre nornle 1as Aaaipned and budlt for nra trith the
balonced hpvrauliec charping machine, Tt 1is gined for -

Dractor burmmer sluns ond it Incormoratas the flanpar cap

and tube nlet gammling valve thet the charping machine reauires,
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TTT2CTLLAITTNOUS PROGRANS

Toport ator Zrslem Jtudies

Desim studies to further fofine the modifications requirad for
improvement of the export water system were continued, The
follouing items were accomplished:

1. Preliminary desimm 1ns complotad providing delayed
automatic start of thn 102 Duildineg steam driven pumps.

. Docormonded sattinps were Jevoloped for the surpe
supprassors by v, G, R, Rich, Consulting 'nrinser.

The contract tias extended vith Mr, Rich to enpare lils
gervices during the design and testing of nroposed
export water systom modifications,

\v
L]

Noduction of Reactor Nffluent Activity

On £ hasis of data obtainad to datza from the lncreased alum
fead rate toul at B leactor, a 5O :ps;duction in output of 3¢
and a 70,5 roduction 11 21t of As7O can Le realized. These
gains are contingent upon increasing the aluminum sulfate faed
rate in vater treatment to 11 ppm and using .01l ppm filter
aid.

The test at Il Neactor involving the substitution of aluminum
nitrate in place of aluminum sulfate in the water treatment
process is proceeding satisfactorily. During examination of
fuel elements which had been charged under this tast, it wvas
observed thal the fuel elemenic which had been exnosed to the
nitraote treated water 414 not have the characteristic iron
oxide film, Thoso from the control gide of the reactor did
have the charactoristic iscoloration, It is not 'mowm ubather
thin abeenea of dron film resultel from the substitullion of

o dlrate Lo for tho sulfate ion in the water cr tn

' s U watar tuahiddty, Jince the abuence of this
TLnand? ersoa lindavcntoal effect on effluzntl voter aclividl
ot omat trensfer, the tost =rill he continued,

DECLASSIFIER
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"oiza Abatement - C and If BEBMSSIF'EB

"oira level in the C and ¥ main pomp house and ¥ pump control building
previously ecreneded 'I\0 eriteria for noire contrnl, 5NC-9.1., Moise
abatement wvork ig being done under a l'aintenance Job Authorization,
Invfallation of acoustical materisl has been comrlnted at the LAS-1
and 190-1T Nuildings, Cound-level meosurements shou that a satisfactory
reduction in noise level has been accomplished.

Peactor Confineuent

The asphalt covering applied to the 117 TMilter RMuilding shielding berm
for erosion control has bLeen found to be unsatisfactory. A desiegn chanre
has been issued requesting the Larm slopes be e:xtlandnd and covered with
rock rith tho evesption that a /N-foot section at 100-D and I areas will
be covered mith a tiro-inch concrnte surface.

Tt Yoo Lam Ceeddad to install solf priming pumps in tha aporaline
callery of 211 filtor ildinpgs, OCince the prosent (mmp reoudyvas o
ot bivn e bl hnady paplocement of the pump e laso ecogtls e
oot oot valves on 1n«7.ivi.1n.'~.1 suction linar,

L) g Jtullas

Chialdineg ovmorimonts ern continuing in conjunction with overborad a'onune e
1?,",’? 1A, anad 2h0% dn C Reactor. Variations have Loen made in rin: and
do-nut corpogsitiona, tolerance an? deflections, and bayonet conpositioms,
Lefore-anc-after Jdocimotry measurewents indicate that, in opile of inercasel
gaps, an imnrovement of neutren shielding of‘f‘octnvmc% hag resuliel
from the hylrogenous materiol adled to the rings and rdo-nuts,

A Masonite sevnla obtaine? from iha sscond fnnermoct eirecle of 1 top M0
Tl chield ~hous the expected airindtace and hrdttlaaes in that Joeation,
Mie eorple uns obtained from a horizontal core recently Jdrilled adjacont
to th2 DR test vell to provids a shield sample exrosure facilit:,

DTACTOR TODITICATION PROGRAI

C Reactor Overbore

During the C Neactor outage the mel of Movember 7, two front tharral
ehlnlds were overbored RCO mils with Aual bora equipment, At thr coro
time on one of the Lubes, the rear contering Flonie was cut and tha
rear do-nutr extracted, These, unlike the front '1o—nutu, wers found
to be corrodet in plece, but not seoverely, The tubes were 1nfi ne

air tubes, During the operating period J“nﬂorrimf the outage, oun of
thio fromt gvnl‘arrols uag moved forrard out of the thermal gmaw to

detormine the increase in radiation levels. This proved to be very
mocdarate.



Mles . - !- Decambar 7, 1770

poaore Tubes

urehaoe ordors flavo beun plnaced for procsss tubes for ths M0-tule

ovorbore demongtration for C-Reactor. The particulars of the ordors
are choim belotrs

Venclor Typa of Tube Ilo, Ordored
Allegheny Tudlum Smooth Dore 12
Sirenlozr-?
“ridreport Crass ronth Nore an
nircaloy-2
Alcoa Pihbed Aluminum o0
Smoothbore Aluminum 15

115/ PRODUCTION REACTOR

I'roceoco Tubes

In addition to the (7 tubes receivad from larver Aluminum on their
I'-Noactor pilot procass tube order, 27 tubegs have been reaceivad from
Allegheny Lulum, Chose Dress and Copper is behind schedule; to date
21 tubes have been roceived, The first 30 out of the total of 00

II-Reactor tubes in the larvey productlon orcur have been shipped on
schadule.

The initiel Xote of tubas from the pilot orders (°L Chase, 27 Allecloni,
10 'arwoy) have all beon inspected on-site by Tidigage, -ray, ultraconic
anl oolo tents.  Tlarvey tubes ware all accoptahle, Chase an? Allerhinny
tubes 211l had Toedo indicotlons and siztaen have been rejoctad,  Thiptaon
of thoge tmre rejected on the basis of weld faults and two on Lho hagie
of thin walle,

Crophvite Procurement

Nerrocnssing of grophite from Oraat Tioles Carbon Corporation to drrrovo
ths purity tn meet the +0,25 dih eoscificetion has hoen matisfectory,
dornla bars from the loat gas-murifying furnace heats were found to
have acceptable dih puritr values in the range of +0,7 to +0,0,
chipment of the bars in Necarber rill complete the order of top and
bottom reflector praphite from Great lLales.

Tucl Testing

Fin-1 loop is temporarily emnty due to the unsuccassful attempt in
charging thermocouple and heater slements on lovember 11.

IUR=2 loop uas charged on llovember 11, with four single-tuhe alemants
rith brazed end closures under PT-IP-363-A. These elemants are desimed

D

ASSIRED
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to similate the behggg Mgglﬂﬁuer fuel tubes, The elements

are enriched to 1.6 W/o U-235 and have iron supports.

An additional defactéb’ %lement for the fuel failure-testing studins
being carrisd on at the NTR facility was charged in ITR-3 loop. The
total number of this type of element in the tube is now seven., Tlomonts
at two different exposures will thus be provided for the 7IV teosts,
CFOp T
Tight natural uranium tube-and-tube elements with hot-headed clooures
uerc discharpged from KIR-li Loop on Movember 1l. Their exposure tas
2030 II\ID/T. Detailed eraminations are being made. The KER-l; loop
was rocharged with identical cherpges ns KR-2.

Coromic Dalls

Tha origrinal snocification of somarium content in the caramis halls £y
tha U-Naactor 31 system; wuas 0,37 pm/cm3,  Racent 305 tasts of anmnl-na
from the Tlectric Autolite Companr and the fornilam Mlasa Jorls in'innta
thot the Om content mras ten to tuonty percent lower than that claimed

by tho tuvo companisg for the particular samples. To reducn the nossibilityr

of the ™m contant in tho final ball rroduct from falling belowr the
0.3l em/em3 vglue, the minimum quantity has been incrensed ten percent
to 0,380 gm/cm’. This additional Om 1rill increase the cost of the balls
by 47,000,
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Oﬁice Z»Lemomndum * UNITED. STATES GOVERNMENT

TO + Process Engiheering and BE MSS!HE“ DATE: November 9, 1960

Manufacturing Division

- /78
FROM : R, L. Plum, Chief 4 % This document conslsts of __./~7-_____ pages
resctor Branch el
SUBJECT: 1iONTHLY REPORT FOR OCTOBER, 1960 HAN-7):591 - DF
., Rpt. NO. lO
OR:GRG:GTO
Production

Reactor input production was 0.5 percent above forecast; l.5

percent below at the six old reactors and 7.l percent above at
the K'S.

Over-all time operated efficiency was 78.0 percent (81 percent
forecast); 75.1 at the six old reactors and 86.5 at the K's,
Efficiency was low at the six old reactors due to water leaks
and a maintenance outage at DR for replacement of chute liners
and Ball 3-X modification.

There was n6 increase in the combined reactor instantaneous power
level or in the individual reactor record power levels.

Reactor Power Level Limits

The primary limit to reactor power levels during this report
period has been rupture control considerations. D, DR, F, and
H reactors were additionally restricted for a portion of the
month by bulk outlet temperature limits.

Ruptures

Seven ruptures, five I&E enriched and two I&E normal, were removed
from the reactors. The enriched ruptures were at C, DR, F, H and
K/, the regulars at H and KW. Two of the enriched ruptures, at DR
and KW, failed at only 18 percent of goal exposure., The regular
metal rupture at H failed at 6 percent of goal exposure.
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Reactc;r Outages Btni AQS!F’F'}

Reactor outages for the month of October, 1960, are as follows:

Date Date

Outage

Down Up Hours

B REACTOR

10/L 10/7 76.8

10/17  10/19 59,6

10/22  10/23  LhL.7
" C_REACTOR

10/9 10/9 O.L

10/9 10/11 39,9

10/12  10/12 0.L

10/17 10/22 106.6

D REACTOR

10/19 10/22 62,1

10/22 10/22 2.2

10/31 Still down

Remarks

Leak testing, tube replacement, and charge-
discharge completed.

Leak testing and tube replacement.
Leak testing. A delay of about 5 heurs was

experienced when one hopper of 3-X balls
was inadvertently dropped.

Panellit trip

Removal of an I&E-E metal rupture from tube
1656, charge-discharge a:d leak testing.

Panellit trip due to pressure increase 6n
spline cap tube 0890,

Scheduled charge-discharge and miscellaneous
maintenance.

Scheduled charge-discharge and tube re-
placement.,

Panellit trip.

Water leak. Charge-dZ.charge in progress.
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DR REACTOR
10/3 10/5  38.k Completed leak testing and maintenance work

" during a period for cooling over-heated
bearings in gas loop compressor,

10/5 10/5 .5 Unexplained trip.

10/6 10/7  32.2 Removal of an I&E-E metal rupture from tube
0681,

10/2l Still down Chute liner replacement and Ball 3-X modifi-
cation., Five tubes were successfully over-
bored.

I REACTOR

10/1 10/7 157.9 Scheduled charge-discharge and tube re-

placement and maintenance.

10/9 10/11  32.8 Panellit trip due to a ruptured rear pigtail.
Miscellaneous maintenance performed.

10/23 10/25 51.L Removal of an I&E-E metal rupture from tube
0778. Concluded rupture removal and charge-
discharge and miscellaneous maintenance.

H REACTOR

10/10 10/16 16h.6 Scheduled charge-discharge and tube re-
placement.

10/16 10/16 1.6 Repair of a broken wire which prevented the
movement of two top rows of HCR's,

10/17 10/17 0.7 Correct rear cap leaks.,

10/22 10/2h  37.8 Removal of an I&E-E metal rupture from tube
3222 and an I&E regular metal from tube
1260.

DECLASSIFIED
A
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KE REACTOR ‘“! o St":IIEJI
10/l 10/7 55.2 Scheduled charge-discharge,
10/26  10/28  L7.8 Charge-discharge following a Panellit
‘brip .
10/28 10/28 0.7 Unexplained Panellit trip.
KWW REACTOR
10/13  10/15 3.5 Removal of an I&E-E metal rupture from tube

11585 and charge-discharge.

10/15 10/16  22.6 Removal of an I&E regular metal rupture
from tube 286L.

10/19  10/20 39.3 Tripped by overload relay on #6 low 1ift
pump motor.
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. ube Leplacement
S (46 S P g

Onn hundred thirty-seven process tubes were inastalled; 7h at T,
37 at 11, 1h at B, 6 at LR, 5 at D and one at I/,

Four tube leaks (2 at B and 2 at H) and five Van Stone leaks (3
at B and 2 at DR) were encountered and corrected,

lQOh-H' Outfall Structure

Efforts were made to repair the 190lL-H effluent box. These repairs
consisted of romoving the anchor ring from the two outlet pipes,
removing all broken and loose concrete, providing a leak-free sliding
joint bettieen the concrete walls and outlet pipes, pouring now lumito
concrate, and filling voids underneath the outlet pipes and outfall
bo:: by pressure grouting, An additional two cubic yards of grout
were pumped under the pipes and box,

Increased Process Vater ['low, 100-I Area

At the present time the existing 900 HP low-lift pump motors are in
the process of being reuvound and uppraded to 1500 1P, One of the
unmodified 900 HIP motors in 190 KW burned out, and a rewound motor
was installed by K maintenance forces due to the emergency nature of
the job,

Shielding Studies

The high temperatures in the IUJ bottom thermal shield have been found
to be caused by partial flow stoppage in the thermal. coolinpg tubes.
Following clearing of these channels, 177 bottom thermal shield
temperatures have been equivalent to those at IE,

PRUSSIET REACTOR THRCIRIOLOGY

Rear Parker Fitting Overbore

litght Parker fittings were bored out on T’ reactor during thiy Octoher
3 outage in a further demonstration of this aphroach toward a modest
flou increase. The bumper slup charging machine has beon roviaed
and repaired, [quipment for broaching B-D-I' front nozzles to
accomodate bumper slugs was placed on order.,

[rpansion llardiare

Following the cast iron overboring test at C, a new gunbarrel of a
design prototyplcal of that for major overboring in form but not
size was installed in the bored-out cheannel, Installation involved
welding a nev insert to the centering flanpe with the programmed

o LI |
DECLASSIFIED
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A new front nozzle, including the captive-venturi pigtail and checl-
valve concepts, and designed for gize legs than 200 mil overbore,

was installed for test, It demonstrated a 6.9 gpm flow increase
.over standard equipment.

Nemote Rear Tube Closures

Two dummy nozzles, t¢ permit simlated remote operation of rear face
valves with the roving actuator, were installed on II reactor October -,
Just prior to startup on October 27, five channels were flush dis-
charged with remote equipment, in a test for trajectory and equipment
function, There are now 20 remotely operated valves installed (1l

Marl: V flapper valves and six ball valves) and two types of seals

are under test with each type of valve.

Irojection 'uel Testing

The jrradiation of self-supported elements in 69 rihlens smirenlor
tubes in C Reactor and in ten tubes in B Reactor continued sithout
incldent during the month,

The phase of PT-202-A relating to relative rupture resistance of
bumper slugs has been completed., The rosults of the tast shour a
factor of 38 improvement in rupture rosistance at a 957 confirence
level, or a factor of 15 improvement at a 797 confidence level,
Analysis of thermocouple data has led to the following conclusions:

1. A three-rall bumper element is superior to a four-rail
model from the standpoints of heat transfer and hydraulics,

2, Top-of-tube corrosion can be rednced in comparison
with regular IXE elements by bummer induced turbulence.,

3. liixer elements are important with the use of bumper eloments
to further reduce corrosion by imnroved nixing.

' Additional therocouplo probe data are needed to hetlor Cnfinn
the degrec of tomperaturs unbalances in tha armulng with
bumper slugs.

i=1T Uonveraion latlo

CI'") reported this month that, in adlition to the one colurm mpaewian
reported, the other two coluims dissolved in June, 1770, hatl nat v .
adequately sampled, and plutonium concentrations camnot be obtaine!,

At this time, only one columm from the 1i-N conversion ratio tast (a
striped central zone columm) has been dissolved and adequatels
sampled, It is underpoing analysis,

CPN completed tritium ertrection on tha 24 enriched Ji-"1 pioces in

PASE

Septenber and the resultc have been raported in DPST 702000,  The
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results are given belunullc!r QEB@jlgy column and a blanket colurm:

These values are higher than our previous assumed yields, which
vere basad on extrapolations from natural lithium, solid Ii-Al
slugs. Careful theoretical analyses will be made to translato thn
single-column yields shovm above, plus the Pu data being rleveloped
into values representative of the entire E-N pile's behavior.

Roduction of Reactor Effluent Activity

The effluent-sampling facilities at both B and Il reactors were

mocdified during the month to eliminate the relggse of solid material
from the sample lines during sampling. Tho As/© and P32 concentrations
in effluent samplos from the test sides of the reactors were 107

and N5%, raspectivoly, of that on the contrnl sides. The tests aro
ainad at dotermining the effectiveness of roducing effluent radio-
activity by the substitution of aluminum nitrate for aluminun

sulfate In the water treatment process.

170-DIL Procoss 'umps

A nov prototype process pump was installod in 170-DR on Octobor 2,
1060, This pump was purchased from Inpgersoll Rand during tha time
De Laval iras having trouble producing satisfactory process pumps, in
order to develop a satinfactary alternate. This pump vill he in-
spected periodically for one year for indication of damapine cavi-
tation or other failure to determine if the purchase gpocifications
are met.,

Safety Control Studing

The operational teust of the pouer-rate meoter anthorinan Ty- PI=TP-n/il-n
wvas successfully carried out during the October 22 startup at I ronctor,

Control Efficlency Studies

All six of the poison-displacement columms scheduled for the nrototype
system at K reactor have been installed and are being used to goms
extent for operational control.

Reactor Confinoment

Phase II-B :_Filtor and Sarple Duildings

100-I" - Acceptance testing has been completed. There are about
thirty punch-list iiams to be cleaned up.

100-C = Accoptance tosting has been completerd. Complotion of
final punch-list items and genoral cleanup of tho area
1s in progroess,

— DECLASSIFIED
DECLASSIRIED WITH DELETIONS
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Ilago TIT - Tentilation lodifications and Tie-Tns

The high~efficienoy {iltors supplied by line Jafoty Applicanco
Company failled to pess the lumidity test requirements, Thn
vendor has been notifled and requested to supply replacement
filters for one area by November 1ll, 1960, and to complete

the replacement for all areas by January, 1961,

100-F" = Tle-in of confinement facilities has been completed.

The exhaust air 1s now routed through the filter
- building, although no filters have been installed,

NNACTOR 1ODITICATION PROGRAIL

Overboring Nevelopments

An abortive attempt was made to overboro five I' reactor channels
200 mils during the October 3 outage. The attempt failed when a
carbide insert was broken loose and destroyed the cutters.

* A second attempt was made to do the same thing at DR rractor on
October 27, this time with marled success, Nrilling times on the
five channels ranged from eipht minutes frr the first two channels
to 3.5 minutes for the last, This experience tends to confirm the
hypothesis that previous difficulties in drilling reactor graphite
occurred not because the graphite was harder than the gas-balien
graphite used for laboratory work, but because insufficient pre:-
broaching of the reactor process tube channels caused the pilot
to bind and overheat, The pllot is a fluted guilde that is attached
to and procedes the ovorboring cutter. TFor the IR test four of the
fivo chammels vere broached in a separate operation to a nominnl
1,7L5" Aiametor prior to boring (L.7h%" is the oripinal i.d, of
the channel, but the hole becomas slightly elliptical over the
years of rmactor operaticn), The fifth channel, vhich had pagsed
o 1,710" plug gage tut not a 1.720", was overbored yith » 1,7100
Mameter pilot, and no precbroaching, Tt vas on this channnl bhat)
in an attempt to determine how fast the borinp misht be e, the
drilling time was 3.5 minutea., The five overbored channels uern
fitted vith standard aluminum process tubes, as no oversiznd fual
if yet avallable. Uranium cores for this fuel are on hand, but
the aluminum caps and cans have not yet heen delivered,

On October 20 at C reactor the first on-pile overboring of the cast
iron thermal shield was performed. The punbarrel was remnvad, the
contering flange bored out, the cast iron shielding do-nuts removed
and the thermal blocks and inner cast iron do-nuts were overbored
about 200 mils,

IMaterials and TFabrications

In support of the C-Peactor overbore dermonstration, procurement actions
havn been initiated for tubes rfrom Allegheny Ludlum Steel Hompnn%

"y
Dridpeport Nrass Company, Alum'num Company of America, and oymo

g
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lletal Company, The orders inoclude smooth-bore zirocaloy tubes,
gmooth-bore aluminum tubes and ribbed aluminum tubes,

Nozale Teating

IMve reamed nozzles from D reactor have sucoessfully undergone
pressure, torque and impaot tests, The end caps and welded lug
rings falled upon application of a 100 ft.-1b, torque within
1-20 oycles, while the one coat, stainless steel lug tested
withetood 50 applications of the above torque without failing,

TR LOTMENIT

Hiph-Tamperature Irradiations

Lix heavy-walled, zircaloy olad, single-tube olements being irratintod
in KMM-3 loop under PT-ID-309-A have reached an exposure of 1305 If))/T,
The clements should reach the scheduled exposure of 2500 M‘ID/T around
Pebruary 1, 1961, The purpose of this test is twofold, to Jdetermina
tha behavior of an element similar in geometry to an NER-simad inner
tube, and to provide irradiated tubular fusl for in-reactor failure
testing in the RTR,

Thn night notural uranium tube-in-tube elements under irradintion in
I"P-l loop to evaluate hot-headed end closures have reached 1025
11n/T. The poal exposure of 2500 MI/T is expected to be reached
near Jamiary 1, 1961.

Tube Deliveries

larvey Aluminum Company hasg delivered 57 more NPR tubes s Mmaking the
on-site total 67 from the pilot order.

Coll-Cleoan Physios loasvurements

TOTP. maasurements of "I infinity" and exponontial Pile meansuremants
of M= havo bean complated and preliminary results have hasn ohtndrea
fror tha 1mot, cold, opon lottice values., The "I Infindty! menonpan
fov ha opon et latbice 18 1,075 *+ ,005. The uaet buckline 44 117
wierabneks, vhich vhen combined with a "K dnfinity! of 10T, stalia
o vdrration area of 6RO * 50 om”,

DECLASSIFIED
g
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Reactor input production was 8.2 percent above forecast
(0.9 percent above at the six old reactors and 18.4 percent
above at the K reactors). Forecast was exceeded due to high

time operated efficiency and average power levels at the K
reactors.

PRODUCTION

Overall time operated efficiency was 83.0 percent (80.2 at
the six old reactors and 91.6 at the K reactors).

There was no increase in the combined reactor instantaneous
power level or in the individual reactor record power levels.

Power level Limitations

The primery power level limits at C, KE and KW reactors were
based on fuel element failure control, and the pover levels

at B, D, DR, F and H reactors were primarily restricted by
bulk outlet temperature limitations.

Ruptures

Three ruptures, two I&E reguler metal and one I&R enriched were
removed from the reactors. The regular metal ruptures were at

C and D; the enriched at DR. The enriched rupture falled at 11
rercent of goal concentration because of charging machine damage.
This represents the best rupture experience since.November, 1959,

and 66 percent lower than the previous best month's experience
during 1960.

Reactor Outages

Reactor outages for September are as follows:

B L T -
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Date Date Outage
Down Up Hours Remarks

ywems  MEPIACCIEER

8/27 9/3  177.8 Charge-discharge, tube replacement, high
tank flushing, rear face decontamination
and downcomer modification,

9/l 9/h 1.2 Tripped due to insufficient control rod to
achieve turnaround,

9/11  9/12 2.8 Water leak,
9/18  9/20 38.2  Watér leak,

9/20 9/20 . 1.7 Replaced two front connectors leaking at
fittings,

C REACTOR

9/l 9/8 99.1 Scheduled charge-discharge, leak testing
and miscellaneous maintenance.

9/23 9/25 18,6 Removal of an I&E regular metal rupture
from tube 1486 and charge-discharge.

D REACTOR

!
9/L 9/5  38.6 Water leak and charge-discharge.
9/12 9/18 157.7 Scheduled charge-discharge, tube replace-
ment, ball 3X modifications and downcomer
modification,

9/2L 9/25 36,2 Removal of an I&M regular metal rupture
from tube 1960 and charge-discharge.

DR REACTOR
9/8 9/11  84.5 Charge-discharge and tube replacement
9/19 9/20 35,6 Water leak,

9/25 9/27  Lo.6 Removal of an I&E E-metal rupture from
- tube 068l, and charpe-discharge.



F REACTOR
8/30  9/3
H REACTOR
9/6 9/9
9/13  9/1l
9/15 9/15
9/29  9/29
KE_REACTOR
9/9 9/11
KW REACTOR
9/6 9/8
9/29  9/30

93.2

57.3
35|8
0.2

0.2

39.7

35.7
L5.6

e

-3 -

Charge~discharge, high tank flushing, and
leak testing,

Charge-discharge and high tank flushing,
Water leak,
Panellit trip.

Panellit trip.

Leak on front header of KER Loop 3, charge-
discharge, and the installation of the
foundation cooling system,

Panellit trip and charge~discharge.

Scheduled charge~discharge.



s DECLASSIFIED

1. Eighty-eight process tubes were installed (74 at B, 7 at
DR, 3 at B, 3 at H and one at KW).

2. Five water leaks were corrected (3 tube leaks at B, D,
and H, and two Van Stone leaks at B, add DR.*

3. At F reactor the No. 5 process pump motor falled September
2 during motor startup. It was repaired by by-passing the
failed coll and returned to service on September 7.

L4, A block discharge was made at DR reactor on September 8.

5. Installation for reactor foundation cooling was completed
at KE reactor on September 10.

6. The coil in No. 2 pump motor burned out at DR on September
1l. This coil plus one each in the other two phases were by-
passed and the motor returned to service on September 13.

CURRENT REACTOR TECHNOLOGY

Export.. Water System

A report has been received from G. R. Rich, Consulting Engineer,
following his evaluation of the export water system. His recom-
mendations are that (1) the use of existing surge suppressors
continue but that their operation be modified for pressure
actuation rather then electrical activation, (2) additional slow-
closing air valves be installed near the pump discharge manifold,
and (3) testing continue to determine the need for additional air
relief valves. Additional detailed information has been requested
from Mr. Rich, since his recommendations were not sufficiently
detalled to permit design of the proposed modifications.

Reactor Control

At D reactor, with the use of a new spline coiler, a 60-spline
startup was carried out with a net loss of only five effective

hours. Spline collers are targeted for the other old reactors
by March 1, 1961.
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Four poison displacement columns, out of the six-column
prototype system, have now been placed in the KW reactor.

A study has been carried out to determine the incentives of
using bumper slugs in the E-N program. The results indicated

an appreclable gain in the use of bumpers for the E-N loading
over and above the large gein predicted for use of bumpers

with naturel uranium, and GE has proposed delaying the E-N

test gntil the H reactor is modified to use bumper fuel in early
CY-1961.

Shielding Studies

A 50% reduction in neutron dosage rates was obderved on the

B plle front face following replacement of steel shielding in
dry columns with high-density concrete. A similar study at C
pile indicates a potential reduction of 30% in the front face
neutron dose rates.

Process Tube Examination

Tube 3370-B, & ribless aluminum tube, was removed for inspection.
The corrosion in the tube was very uniform. There was no evidences
of ledging-type corrosion or hot spot areas caused by warp or mis-
aliymed slugs. No scratches caused by the supports on the slugs
werve noticied in the tube.

Reactor Effluent Water Investigations

The effluent treatment tests at the D retention basins, where the
effluent water 1s being passed through a bed of aluminum turnings,
have advanced from tests which largely duplicated laboratory work
to tests at higher flow rates. The initial tests showed the same
efficiencies for reduction of critical isotopes as did the labor-
atory tests. Dose rates from the sides of the tank increased from
300 mr/hr to 800 mr/hr when the flow rate was doubled. This
indicates that the efficiency for detaining the shorter lived
nuclides was not reduced by the change in flow.

A half-reactor test at 100 H substituting aluminum nitrate for
aluminum sulfate in process water treatment was started September
16. This test was intended to demonstrate the amount of reduction
in the output of phosphorus-32 that can be achieved by removing
more than 90% of the phosphorus and half the sulfur from the
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infivent water. The feed rate was increaged from 12 ppm at the
start of the test to 25 ppm on September 21, Since that time

the pH of the process water on the test side has been controlled

by adjusting the aluminum nitrate feed. No difficulties in the
water treatment plant or in reactor operation have been encountered.
Therefore, it does not appear that addition of nitric ac¢id for pH
control will be required until spring.

Another half-reactor test was started at 100-B on Septefmber 16.
Because of the uncertainty surrounding the importance of sulfur
as a precursor to phosphorus-32, and in order to demonstrate the
effectiveness of conventional and less costly aluminum sulfate
to remove critical isotopes, this test duplicates the test at
100-H except that the sulfur in the influent water is not reduced.
The feed rate of alum on the test side wes increased to 10 ppm
on September 16 and further increased until it reached 20 ppm on
September 22. It will remein at that level for the duration of
the test. No difficultles have been experienced and none are
anticipated.

No results have been obtained on the two above mentioned water treat-
ment tests. It 1s expected that approximately one month's oper-
ation will be required in order to reach equilibrium conditions in the
process tubes.

ADVANCED REACTOR TECHNOLOGY

N Reactor Fast Flux

An estimate of the neutron flux above 1 mev in the NPR was made as
a guide in programming experimental irradiagions of Zr in test re-
actors. The figure being used is 1.35 x 10°" nvt/yr at LOOO MW.

NPR Physics Measurements

Fhysics measurements made in the PCTR in support of the NPR produced
a value of the neutron diffusion length and a value of kgo. The
diffusion length of the NPR graphite was found to be 83.0 cm, a
factor about 1.6 times the length one would obtain with the same
.graphite minus the void holes. The k,, of the condensed NFR lattice
(i.e. void holes removed) was measured to be 1.069. This result
indicates that the NPR must be enriched above the anticipated level,
but, subsequent experiments not yet reported, yield a higher and more
encouraging value of koo for the mock-up lattice.
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Exponential pile measurements were made on 1.0% enriched NFR
fuel elements in light water. The results are useful in
determining nuclear safety requirements on the handling of
irradiated NFR fuels. , The minimum critical mass was about four
tons, occurring when the outer tubes alone were immersed in
water. The minimum critical mass for complete tube~-in-tube
elements was measured to be 5.3 tons.

NFR Graphite

Observation of the processing of bars for the NPR core by
National Carbon Company revealed that the product is of high
gtructural quality. Chemical analysis and dih purity vnlues

of the first two shipments show that the material also meets the
specification for nuclear purity.

Expansion Hardware

A number of front =and rear nozzle assemblies designed for 200
mil overbore have been received and subjected to preliminary
laboratory testing. One front assembly vhich incorporates a
check valve was tested to obtain an indication of potential
charging damage to be expected in charging fuel elements through
the check; no damage was found in preliminary tests. The front
assembly was also tested for pressure drop and found to exhibit
less than half the pressure drop characteristic of the present
hardvare.

Horizontal Control Rod Overbore

The ceramic sleeves for one K reactor horizontal control rod re-
ceived from the Coors Porcelain Company have been returned for
edditional machining. The feasibility study for overboring the
horizontal control rod channels to accommodate an ovédrsized sleeve
has been completed, and overboring is considered feasible.

REACTOR FUELS

Projection Fuel Testing

Flve columns of self-supported fuel elements (including spider
support design) were charged into ribless aluminum tubes in B
reactor, bringing the total to nine columns in reactor.

DECLASSIFIED™



No additional installation of zirconium tubes was made in C
reactor. The total number of ribless zirconium tubes in C
reactor is 69.

Twenty columns of solid-rall bumper fuel elements were charged
into D reactor during the September 1l outage. Ten of these
columns contained four-rail slugs. Alsc charged were ten columns
of three-rail slugs in which the raills between the tube tibs
were omitted to permit the use of poison splines. Thexrmocouple
probes were inserted in the downstream durmy patterns of six of
the threesail columns to determine the effect of this design on
temperasture uniformity in the coolant.

The irradiation of four tubes of 1.47% enriched bumper elements
in D reactor was terminated September 24, 1960, without rupture.
The material received an average exposure of 975 MWD/T, The
factor of improvement over normal I&%E geometry fuel was 38 with
a 95% confidence level.

High Temperature Irradiations - KER Facilities

The heavy-wall, single-tube elements in KER Loop 3 continued
under irradiation without incident to an exposure of 970 Mwn/T.
The test will provide information on the bshavior of an element
similar in geometry to the inner tube of an NFR fuel elem~nt, and
it wily in addition provide some irradiated fuel for in-reactor
failure testing.

The eight natural uranium tube-in-tube elements in KER Loop 4
continued under irradiation without incident to an exposure of
1560 MWD/T.

Bumper Slug Charging Machine

The bumper slug charging machine was used in an attempt to charge
bumper slugs in D reactor, but it failed because of greater-than-
expected tube curvature. The mdchine stalled after charging 18
slugs in the last tube attempted, and it was broken in an abrupt
stall with 130 1b. alr pressure,

Nickel-Coated Fuel Blements

Aluminum-jacketed fuel elements coated with

nickel continue to resist pitting attack or flaking of the
nickel in ex-reactor mock-up tube tests. Tixposure times for these
elements total 11-1/2 weeks in 165-C process water or 12-1/2 weeks
in 120 C process water. Defects made in the coating before exposure
have not been enlarged.
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PLANT TMFROVEMENT FROGRANM

The General Hlectric Company now considers that overboring

is feaglble in C and H reactors. Development of tools and
machines capahle of cutting steel and cast iron components
within the reactor has been instrumental in the decision to
attempt overboring these two reactors. This equipment develop-
ment has likewlse widened the range of overboring considered
for all reactors. -

The optimum overbore for C reactor is presently calculated to
be epproximately 0.5 inch on the tube diameter. A production
test to overbore 20 tubes this amouht is planned for C reactor
for December or January.

Qverboring

Several tests of a machine designed to bore out the cast iron
thermal shield and in-board do-nut have been made which demon-
strate weakness in the mechanical feed part of the equipment.
The exlsting machine was designed to permit a 200 mil overbore
at C reactor. Modifications are being designed for i1t to permit
its use in a preliminary 550 mil overbore test. A contract has
been negotlated with Norfin, Incorporated, of Seattle, to build
two new dual boring machines as second generat:on prototypes to
be used in a planned 550 mil overboring test at C.

The increase in fuel size to accommodate the larger process tube
would involve some modifications of on-site and off-site fuel
fabrication facilities. The project proposal to overbore C pile,
install zircaloy tubes and self-supported fuel facilities with

. necessary supporting modifications is estimated to cost approxi-
mately $10 million.

The work proposed for the reactor areas toward increased production
will henceforth be referred to as the Reactor Modification Program.
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Reactor Fower level Limitations

The power levels at C, T, @, and KW reactors were limited by tube
pover, based on rupture control. Fower levels at the B, D, DR, and
I reactors were limited by bulk outlet water temperature.

Production

Reactor input production was Ut.0 pefoent above forecast; 11.2 per-
cent above foreocast at the six old reactors and 5.9 percent below
at the K reactors.

Overall time-operated efficiency was 84,5 percent (81 percent fore-
cast); 86.5 at the six old reactors, and 78,7 at the K reactors.
Efficiency was low at the K reactors due to ruptures, KER tegt
facility trips and unusual maintenance., A nev production record was
achieved at C reacor, exceeding the previous C reactor record by

3.5 percent.

Twvelve ruptures, aix IoM enriched, two I&E regular, tvo anlid

reqular and two IR were removed from the reactors, "Thrae Af kho
TN enriched ruptires were at D (including two with TS cnn el (;
on-a run-to-rupture production test) and one ench At Oy "1y naad

e The two IfW regular ruptures were at I and KW, the too aolia
rogular at K, A falled thermocouple slug vas removed from KPR Yonp
1, and a suspectad rupture, op ynt unidentified, from {IR loop 2,

Reactor Outages

Outages for the month of August are as tollovs:
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smo 70 ASOIFIED

Date Date Outage
Dowvn Up Hours Remarks

8/6 8/8 42,7  Pancllit trip due to a loose Jumper on Row
35. Tube 3090 was replaced due to a water
leak and charge-discharge work was performed.

8/27 8t11l Dowm Scheduled charge-discharge, tube replacement
and downcomer modification.

'C_REACTOR

8/10 8/12 k2,2  Removal of an IAW W-mntal rupture from tube
3578 and charge-discharge.

8/12 8/12 0.3 Unexplained Panellit trip,
8/13 8/13 0.5 Two unexplained Panellit trips,

0/2h  8/2h 0.2  Panellit trip on tubn 3285, probably due to
the spline cap insert working loose.

D REACTOR

8/1  8/1 0.7  Removal of an I&E E-metal rupture from tube
0770,

8/7 8/9 56.5 Removal of an IPE D-metal rupture from tube
2060,

8/9 8/10 18,8 Removal of an I&E R-metal rupture from tube
2262,

8/21 8/22 4.1 Tripped by pover-supply loss while attempting

to restore power to annunciator system, Charge~
discharge work was performed.



DR REACTOR

Date Date Outage
Dowvn Up Hours

7/31  8/2 35.2 Concluded charge-discharge and malntenance
following rupture removal.

8/1 8/7 0.7 Tripped by loop 1 when the building air com=-
presgsor falled, dropping the air pressure below the
loop trip point.

8/7 8/8 30.7 Concluded a small charge-discharge and maintenance
during period of insufficient reactivity follow-
ing loop trip.

0/11 8/12 18,0 Tube 2165 was replaced due to a rear Vaa Stone
leak,

"Me 8/13 1.5 Hanual trip for temperature contiol «n kil
lOSS.

N/13  8/13 1.2 Repaired a leak in the front connector on bube
0677

8/19 8/19 0.6 Unexplained flux monitor trip while flushing
poilson.,

8/26 8/26 0.6 Leak in inlet hose connector on No. 8 HCR.

" REACTOR

/12 8/ik 63,k Manual trip for temperature control, leak testing,
and charge-discharge.

8/l 8/1h 2.0 Unexplained Panellit trip.

8/30 St111 Down Schedulrd charge-discharge and high-tank flush-
ing.

A
- oinSSIFIED



H_REACTOR

8/11 8/15
8/16 8/16
8/16 8/16
KT REACTOR
8/3 8/u
8/ 8/h
8/5 8/5

8/5 8/5

8/ 8/9

~/19  0/20
"/elr &/e2
8/23 8/23
8/24 8/25
8/21 8/28
[/ _REACTOR
8/9  8/11
8/19 8/20
8/23 8/2h

9545

3.0

0.2

b1.1

0.3
0.6
O
31.7
19.9

28.9

2.1

30.8

3.4

80.0

31.1

31.6

DECLASSIFIED

Removal of an I&N regular metal rupture from tube
2558, charge-discharge and leak testing.

Changed Venturils on six tubes,

Tripped when FCCF tube 0986 was valved to low=-
flow prior to Jjumpering the Panellit gauge.

Removal of an IW F-metal rupture from tube 1548
and charge-discharge.

Unexplained Panellit trip on tube 4291.

Tripped by low-flow on KWR Loop 1 during a pump change.
Unexplained Panellit trip.

Removal of a rupture from KRR Loop 2.

R-moval of an I&F regular metal ruptnre Trom bihe
3271,

R moval of a ruptwe from IR Loop 1.

Removal of a solld regular metal rupture from

tube U8LY,

Removal of a solid regulnr metal rupture from tube
4oh3 and charge-discharge.

Panellit trip on tube 5085 due to a ruptured
spline cap seal.

Scheduled charge-dischar~e and instellation of a
new Mo. 1 lov-1ift pump motor and impeller of greatsrx
pumping capacity.

Removal of an I&E N-metal rupture from tube 0835,

Removal of a small bolt from No. 13 cross-~header
screen, detected by kbnormal Panellit readings.



Tgquipment Oxperience

1. Seventy-four process tubes were installed; 66 at B, four nt T,
two at DR and one each at KI and KV.,.

2. Beven vater leuks were corrected; five tube leaks (two cach al
H and T and one at B) and two Van Stone leaks (DR and T).

3+ A new No. 1 low-lift pump motor and impeller of greater pump in
capacity were installed at KW,

b, KW reactor was shut dovm on August 23 to investigate an abnormal
Panellit pressure. A small bolt was found on the No. 13 cross=-
header screen,

PRESENT-REACTOR TECHINOLOGY

Effluent and Influent Water Treatment Studies

The aluminum turning test was initiated in early August at D Area,

The test tank is located near the 107-D basin, The tank contains
about 4 tons of aluminum turnings. Reactor effluent water is pumpad,
from the 107-D basin into the test tank by a crid pump at a rate of
500 gpm. Preliminary results agree with the rrevious laboratory
studies made by Silker. It is antlicipated that there will be signifi-
cant results by October or November.

The following influent witer treatment tests are either in progress or
in the late planning stage:

B Area - Increase alum to —£5 ppm to reduce the phosphate concentration
in the water.

C Area - R~duce the amount of dichromate additive to one-half and ob-
gerve the effects on the amount of radloactive chromium effluent.

H Area - Substitute aluminﬁm nitrate and nitriec acid for alum and
sulfuric acid to reduce the sulfur content of the influent, which in
turn should reduce the P-32 content of the effluent.

KER Loops - Single-pass addition tests. Tor example, add F0), to sre
if P-32 increases.

K% Single-Tass Test Tubes A test to determine whether quachrom gluco-
sate will inhibit aluminum corrosion 1in filtered process water has

been started in the Single-Pass Hockup Tubes, employing concentrations
of 1.8 and 0.17 Ppm quachrom glucosate. Concentration was chosen to

be the same as the present process water sodium dichromate concentration
and the 0.17 ppm concentration was chosen because thils concentration
results in a chemical cost competitive with 1.8 ppm sodium dichromate,

e e v e e e
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It is planned to construct a miniature water treatment plant (in-
cluding deionizers) at KE reactor for use in the single-pass KER
tubes, It 1s hoped that this facllity will be operational by the
early part of CY-1961.

Projection Fuel Testing

Five coiumns of fuel elements with end-spider supports were charged
into ribless aluminum tubes in B reactor this month. One column
of fuel elements with welded rall supports was also charged.

A total of 69 zirconium tubes are now in place in € reactor,
charged with self-supported elements.

Testing of bumper fuel elements continues in ribbed tubes in D re-
actor. Visual examination of the first natural-uranium bumper ele-
ment discharged from D reactor at an exposure of W17 MWUD/T revealed
no corrosion film pattern (hot-spots), As a comparison, five hot-
spot patterns were observed in a control column of I&E material
discharged at 421 MWD/T.

Accelerated testing of the bumper geometry under production test FI-
IP-262-A continued at D reactor. Two fallures in the standard I&R
geometry (1.47% enriched material) occurred as predicted at 20 and

21 operating days (tube exposure at fallure was approximately 21 MUD).
The remaining two enriched control columns were discharged. The four
bumper columns remain under irradiation, demonstrating a steadily in-
creasing factor of improvement in rupture resistance as the expopure
increases. '

Nickel Plated Fuel Irrddiations

Two columns of nickel plated fuel elements were dlscharged from DR
reactor on August 1 At an exposure of about 425 MWD/T. A cursory

visual examination was encouraging in that no nickel spalling was

observed.

lligh Temperature Irradiatlons - KER Facilities

A charge of fuel instrumented with thcrmocouplos wag choarsed on An et
" into "R loop 1. The charge consistrd of a cosvtrud~d ireilny-2
ireleted rod with thermocouples imbedded in the urantum. The ~h-
Jretive of the test was to measure the effect of film buildap on hoag
transfer and internal fuel temperatures. The loop operated normally
through August 19, when the loop was subjected to an internsl decon-
taminatlon process. Following the startup on August 20, operation con-
tinued for approximately 24 hours. Two rupture indications were
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obgerved and a shutdownJ@as necessary. Observation of the thermo-
couple element revealed'water entry had occurred somewhere at the
end of the rod where the thermocouple weld and the cap weld were
located. The detailed poilnt of entry and che cause of faillure have
not yet been determined.

Loop 2 of the KWR facility was charged on August 4. On August Ts
fallure indications were observed and the fuel elements were dis-
charged after three days of reactor operation. Location and naturc
of the fallure have not been determined.

Six heavy-walled single-tube elements, two with capped jacket defects,
‘are being irradiated in KER-3. The elements have attained an ex-
posure of 540 MWD/T.

The eight natural uranium tube-in-tube elements being irradiated in
KER-4 to evaluate hof-headed end closures have attained an exposure
of 1210 MWD/T in 288°C coolant.

High-Tank Investigations

Production tests have been issued which provide for cleaning the
B, F, arnd H high-tanks and lines.

Four significant changes have occurrsd recently in the D reactor
high-tank cooling system, (a) descaling of the high-tank and associ-
ated piping produced a 36% increase in the high-tank flow, (b) a
low-flow calibration test has removed some of the previous un-
certainties in flow measurements in the ronge of 6,000 to 12,000 gpm,
(c) a high-tank bleed system previously installed pﬁrmfttﬁd periodic
bleeding at a rate of about 40 gpm, (d) a high-tank Liquid-Inavel
measuring system 1s now in operation. In conjunction with iten (c)
it allows control of the high-tank water temperature.

DR reactor Bulk Coolant Program

Work has continucd to assess the effect of changes in water flow on
temperatures in the effluent piping at the rear face of DR reactor.
Test data were obtained on August 12 for various flow and power con-
ditlons. Strain gauge readings are, in the raw state at least, not
consistent with previous data. A study of the internal consistency

1 J:"Les A@z& WQE%
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of model data and model prototype correlation methods indicate that
the present model may not be adequate for predicting pressure con-
ditions in the effluent plping.

Coolant and Heat Transfer

The effects of heat transfer tests of the eccentric positioned fuel
element with a process tube with 75% eccentricity reduced the boill-
ing burnout heat flux by 60%.

Non-Tlssionable Charge Moniltoring

Trip limits have been established for a direct reading pressure
gauge to be used in flow monitoring of tubes containing non-
fissionable charges. Use of these gauges 1is expzcted to reduce
spurious scrams and the need for frequent pressure checks on these
tubes.

Overboring

Tests of new overboring cutters finally indicate the possibility
that a crooked channel can be stralghtened, or at least sharp
changes in its direction smoothed. This conclusion follows a
demonstration on a one-channel mockup of the F reactor distortion.

The reactor overboring program is being reorisnted to demonstrate na
500-mil diametrical enlargement rather than 200 mils. A demonstration
at F area indicated that a crooked channel can be successfully
stralghtened by overboring.

Equipment Development

Seven flapper valves were installed on KE reactor August 8 but

four of them leaked vhen pressure was raised, and three vere sub-
gequently removed., The leakage seemed to be caused by rough nozzles.
A seal is being developed which will seal against a rough surface.

Norfin, Inc., was the successful bidder for 100 flapper valves at -
$96.00 per valve. It is estimated that the delivery will be com-
Pleted about October 15.

The balanced hydraulic charging machine is being fabricated in the
technical shops; 1t is about 85% complete. Thls machine 1s designed
to feed one slug at a time from a K-type magazine, . through a flapper
check valve into the reactor during operation. Testing 1s scheduled
around the middle of September.

DECLASSIFIED
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The charging machine for three-bumper slugs has been fabriaeabed
and assembled, and testing is under way in the 105-D building.
Completion date of testing is Soptember 2.

E-N Studies

Calculational methods now available are not sophisticated enough
to compute the neutron multiplication ratio for a uranium-lithium
striped charge. The principal difficulty lies in calculating the
thermal flux distribution in the fuel target column., Experimental
axial thermal flux traverses have been obtained along subject
columns. Attempts to compute the radial distribution do not yleld
the proper poisoning effect on the lithium 2s required to match
test pile measurements of reactivity. The computed flux in the
target material is much lower than is indicated by experimental
axial traverses. TFurther investigations of the rhysics of a
striped uranium-lithium load are being carried on.

Control Efficiency Studies

Prototype displacaent columns (short columns of fuel elements in &
reactor tube which may be moved upstream or downstream from the
control room) have now been installed in columns 1485, L85, 3069

and 3079 of KW reactor. Two additional columns remain to be installed
in the 6-column prototype system.

A Justification and development study on automatic reactor control has
been prepared in rough draft form. Quantitatively, this justification
is based on a conservative estimate of increased operating efficlency.
Qualitatively, it is based on the secondary benefits from more pre-
dictable control and on the need for doing the development for distri-
butional control at Hanford, since the Hanford reactors are unique in
geometry and size,

Shielding Studies

Maximum temperatures of the B, D, DR, Ty, and H side and top ghiclis
have been kept within the recommended range of less than 120 C this
summer. Decreases in these maximum shield temperatures from 1958 tnd
1959 are due in part to increased fringe poison use, and in part to
the effect of increased helium concentrations.

Graphite Burnout lonitoring

Burnout samples vere discharged from 3478-D on August 8 after ho6
operating days. Samples near the rear gun harrel showed an average
welght gain of 0.01% per 1000 operating days, while samples from the
front and central sections showed average loss of 0.68% and 1.6%
respectively. This 1s an example of graphite mass transfer within a
Process channel. Carbon suboxide decomposition was evidenced by

dark deposits on some of the samiles.
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Preliminary investigations of the use of enriched metal diamond
loadings for increasing locel graphite temperatures during oxi-
dation testing are under way.

NTW PRODUCTION REACTOR TEHCHNOLOGY

Thysics

Reactor physics work in support of NPR resumed following receipt
of the uranium tubes (.94% U-235). PCTR experiments were com-
pleted in the dry condensed NFR lattice at room temperature.

NFR Reflector Graphite

The GEH 13-5 experimental capsule containing NFR reflector graphite
has been completed and will be installed in the N-5 corner of the

NIR during the Cycle 32 shutdown (about September 19). A holder

was attached to the capsule so that flux monitors can be inserted

and removed while the experiment is in the rcactor. Flux measure-
ments using bare and cadmium covered Ni and Co-Al wires are being made
in N-5 and N-14 during Cycle 31 (August 8, 1960).

All of the NFR top and bottom reflector graphite to be made by
Netional Carbon Co. has been received. Tour heats of the material
to be made by Great Lakes Cerbon Corp. have heen rejected on the
basis of low nuclear purity (dih purity values below +0.25).

The first extrusions through a special 6" x 6" die have been made

by Great Lakes. The process differs from the normel extrusions

in that the normal reduction is made in only one direction and

further that a streamlined vane is included in the reduction throat

of the die perpendicular to the direction of the reduction. The in-
ternal surface of the bars showed a marked intensity of flow linnrs,
which hopefully indicates that a high degree of preferred orientation
has been achieved. It is hypothesized that such highly oriented bars
will contract less in the two short dimensions under irradiation than do
bars with a lower degree of orientation.

fucl Desipn Analysis

Detailed results of the latest available data and theory on fuel
performance has led to changes in the nominal cladding thicknesses

of the NFR fuel elements. Improved performance will be obtained

by increasing the eladding thickness on the outer surfaces of the inner
tubes of the fuel element., The cladding at the surface is subject to
strains estimated at twice that experienced by the next most critical
surface. Theseresults lead to the following NFR fuel dimensions:
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Outer Tube Inner Tube
Overall OD | 2.0l inches 1.253 inches
Uranium OD 2,354 " 1.173 "
Uranium ID 1.808 " Q89 "
Overall ID 1.758 " 439 "

Other results obtained from the IBM-709 program include (assuming
the reactor operating at full design power):

Average Central Tube Inlet Coolant Temperature 366°T
Average Central Tube Outlet Coolant Temperature 543°F
Central Tube Flow 80,000 1bs/hr.
Masimum Heat Flux 490,000 btu/hr/sq.ft.
Peak Uranium Temperature 430°¢
Cladding Surface Temperature : 556" F
Active Zone Pressure Drop 97 psi

AD COOLED REACTOR FROCRALL

Thysics

Lattice physics work on the Gas-Cooled Reactor Program was concluded
with the issuance of three final reports.

Gas Loog

The PRTR Gas Loop (Project CAH-822) piping fabrication by Struthers-
Wells is estimated to be 98% complete. The preheater and several
valves remaln to be installed. The installation specifications for
the gas loop have been forvarded to J. A. Jones Co.

LGCR Oxidation Prototype

Tvo preliminary runs have been made to determine if the prototype
would ignite at about 600°C. 1In each case a heating element failure
Just prior to admittance of the air caused the runs to be made with
the_power off. In the first run the graphite temperature, T,, was
5T0°C and the inlet air temperature, Tpy vos 25°C. In the sécond

run Ty was 625°C and Tp vas 180°C. Combustion did not occur in elther
case. However, the normal heat losses in the system may exceed the
heat evolved by oxidation. 1In order to eliminate this possibility,
modificatlions have been completed which permit a low rower to be main-
tained separately to the outer ring of heating elements. The tempor-
ature difference between the inside and outsids of the block can thus

be maintained at zero during burnout experiments so as to make the
system entirely adiabatic.
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PRODUCT'ION

Reactor input production was 0.4 Percent above forecast; 1.1
percent below forecast at the six old reactors and 2.4 percent
above at the K reactors.

Average overall time operated efficiency wns 79.3 pereanl, (A9
percent forecast); 78.3 at the six old renctors and 2.0 2t Lhe
K reactors. Ifficiency was low at the old reactors due to the
replacement of process tubes.

There was no increase in the combined reactor instantaneous
power level or the individual reactor record power levels.

Rugture 8

Eleven ruptures (four I&R regular, three I&I B, two solid regular,
and two KER test elements) were removed from the reactors., Two
of the I&L regular metal ruptures were at B and one each at D and
KW. The threc I&E E-metal ruptures were at Cy D, and DR and the
two solid regular metal ruptures were at C and H. A thermociuple
slug failure was removed from KER Loop No. 1 and a tube-in-tube
fallure from KER Loop No. 2.

Reactor OQutages

Reactor outages for the month of July are as follows:




Mlen

Da‘te Date Outage
Down Up Hours
B REAOTOR

7/10 7/13  55.8
7/23 7/25 46,4
7/26 7/28 35,1
0 REACTOR

/9 1/ s59.4
7/2h 7/28 98,0
7/28 7/28 2.5
D REACTOR

/9 /15 135.5
7/21 7/2L 0,2
7/21 7/22 32,3
7/22 1/22 0.5
7/29 1/29 0.2
7/29 7/31  33.6
7/31 7/31 0.3

NEC) ASSIFIED.....

Removal of a stuck I&N regular metal rupture
in tube 1265, and charge-discharge.

August 8, 1960

Removal of a stuck I&I regular metal rupture
in tube 1383,

Tripped when No, 8 pump was lost due to a

burned=out motor coil,

Removal of an I&D D-metal rupture from tube
2072, charge-discharge, and raw-water export
line tie-in,

Scheduled ocharge-discharge and installation
of 50 zirocaloy process ‘tubes.

Removal of a solid regular metal rupture from
tube 2252.

Scheduled charge-discharge and tube replace-
ment,

Panelli.t trip due to a ruptured Bourdon tube
on gauge 1779.

Temperature ocontrol following a Panollit trip,

Tripped by a 190 power failure while attempt-
ing to put a pump on the line,

Panellit trip due to a ruptured Bourdon tube
on gauge 3595,

Removal of an I&E E-metal rupture from tube
3660, and miscellansous maintenance.

Panellit trip due to a stuck toggle valve
plunger.



M.les

DR REACTOR

6/30 17/2

/22 7/

33.6
bs5,9

7/31 8ti1l down

P REACTOR

7/12 1/19 178.0

7/20 17/22

H REACTOR
6/26 7/2

72 1/2
/W 1/17

/17 7/17
7/20 17/23
/26 1/26

B REACTOR
/3 1/6

/7 1/8
/15 7/16
/16 1/16

)

155.9

003
76.6

l.o
48 b

O.h

T1.9

2,2
32.0
4.6

II‘
‘

-3 Avgust 8, 1960

Oharge~discharge following a Panellit trip.

Panellit trip due to a stuck I&N T-motal
rupture from tube 0677, and charge-discharge.,

Removal of an I&F regular metal rupture from
tube 2665, and charge-discharge.

Scheduled charge-discharge, tube replacement,
and maintenance.

Water leak,

Oonoluded scheduled charge~discharge, tube
replacement and Ball 3X work.

Unexplained Panellit trip,

Removal of a stuck solid regular metal rupture
from tube 2352, charge-discharge, and leak
testing,

Change Venturi on tube 256,

Leak testing and charge-discharge,

Installation of a holding plate on the front face

cap of tube L4371 when one of the three lugs
was found to be missing,

Trip due to a rupture in KOR Loop 2, and
charge~disgcharge,

Iripped due to & rupture in TR Loop 1,
Temperature trip on KER Loop L heat exchanger,

Tripped by malfunction of water oross-tie
by-pass switch,

DECLASSIFIED
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KI REACTOR (ocont!'d,)

/17 7/18

KWW REAOTOR

L /7

/17 1/19

26.5

'7o.h

32.1

Panellit trip vaused by loss of No. 1 low-lift
pump unit due to high temperature on the motor
winding,

Panellit trip due to an I&D regular metal
rupture from tube 297U,

Unexplained Panellit trip, Oharpe-discharge
and mlsocellansous maintenance were performed,
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Equipment Experilence

(1)

(2)

(3)

(L)

(5)

(6)

163 process tubes were installed; 76 at F, 50 at 0, 30 at D, 5 at
B, and one each at DR and KW. The tubes installed in O reactor
were ribless zircaloy, raising the total rumber of +tubes of this
type in O reactor to é,9.

Three water leaks were corrected; two van stone leaks and one tube
leak., The Van Stone leaks were at I, the tube leak was at H.

The export water tle-in for N Area and the new central fire station
was ocompleted during a dual reactor outage at the B-0 reactors on
July 11, ‘

KE reactor was sorammed July 17 by the loss of No., 1 low-lift

pump unit, which relayed out because of high temperature on the
motor windings,

At XW reactor foundation ocooling was placed in service for the
first time,

B reactor was scrammed July 26 due to a grounded coil on the No, 8
pump motor, This ocoil was bypassed and the No. 8 pump unit returned
to service for the startup.

REACTOR POWER LEVEL LIMITATIONS

The primary power level limit at O, F, KE, and KW reactors was based
on fuel element fallure control (tube-power 1limit). Power levels at

B, D, DR, and H reactors were restrioted by bulk outlet temperature
e strictions,
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2000 PROGRAM SPECIAL NUOCLEAR MATERIALS

Engigéering

Coolant and Heat Transfer

Transient heat transfer experiments were run with a full socale mock-
up of IXE fuel elments in a K proocess tube to investigate possibilities
of cooling by boiling following a loss of pumping power. An initial
analysis of the data indicates that such a ocooling method might be
quite successful.

Reactor Teohnolggz

Measurements of radiation dose rates at the front face of B reactor
indicate that the prinoipal neutron dose is coming from dry tubes
which are ourrently shielded with steel plugs. It is estimated that
the neutron dose would be reduced by a factor of two by using concrete-
filled plugs in place of the steel plugs. A further reduction by a
fagtor of about four could be vbtained by shielding the front face with
1-% inches of polyethylene. These conclusions a ply to four of the
present production reactors. A report (IW-66117) of the work is beinp
prepared,

The first block discharge oycle at the D reactur showed production
roughly equivalent to that of the stagpersd disclarge method, It
would appear at this time that any disadvantages of the block method

mist be compensated for by improved maintenance utilization rather
than increased production itself.

Mechanical Development

The operational Charge Discharge machine was removed from the C-
reactor work area and stored in the 185-B building pending decision
as to its disposal,

Overboring

Chamnel 1192-F was overbored 200 mils during the July 9 reactor outage.
The experience in the graphite boring was similar to that in an
earlier successful boring in DR reactor. The front of the graphite
chamnel contains alternate hard and soft areas in an apparently

random pattern, and considerable chattering of the drilling rip
results, Downstream graphite is similar but less sevare, wvherean

the graphite in the center of the pile cuts eacily., The now emiip-
ment performed very well, but there are indications ita pouer mavr ha
less than optimum, It is expected that the time requirnd for tho
overboring operation will be between twelve to twenty mimites,




Files -7 = August 8, 1960

Reactor Fuels

Projection Fuel Testing

Iwo additional colums of end-spider supported fuel elements were
charged into B reactor. Normal charging forces were used, tending

to substantiate the suspicion that oversized fuel-element projections
were the cause of high charging forces reported last month,

Dingot Uranium Testing

The final report of the analysis of the initial seven tubes of
irradiated dingot uranium fuel elements will contain the conclusion
that dingot is not inferior to ingot uranium with respect to
dimensional instability,

Materials Development

Graghite

High Fast Flux - Calculations are underway to determine in a qualita-
tive manner the fast flux obtainable on graphite samples located inside
a highly enriched uranium oxide fuel element. Preliminary results are
encouraging in that some ;jain in fast flux (E > 1 mev) can be achieved
over that presently available in test holes. PFurther work will define
better the upper limit,

Graphite Distortion at B and F Reactors - A traverse through the top
center of I reactor Indicated a further increase in elevation of the
top of the inlet and outlet humps and the low point in the center
depression, In total the depression has risen approximately 0.25
inch since the traverse taken in September, 1959, Power level in-
creases at F during the last year have required increased helium con-
centrations to maintain graphite temperatures within process standards.
Data onpower level, temperatures and helium concentrations are under
examination to determine if low-temperature expansion of some of the
tube-block graphite has occurred., Traverse data at both B and F
reactors contimue to indicate that the bend in the inlet hump for the
top four rows of tubes will become sufficiently severe to require a
change to four-inch fuel elements next year. Continued manometer
traverse and probe length data will be gathered to permit orderly
preparation for the use of four-inch elements.

Zirconium

Corrosion Studies

Zircaloy-2 Corrosion Hydrogsn Pickup in 3L,0°C Flowing Water. A number
of samples were removed from the 3L0OC flowing water corrosion test
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after six months of exposure in order to determine the effect of
refreshed water on corrosion product hydrogen pickup. The percentafe
of corrosion product hydrogen pickup for the samples ranged from 1,L%
to 9.1%., This 1s considerably less than values of LO to 55% for
corrosion by water or steam in static systems., The results indicate
hydrogen pickup is less at the higher velocities and refreshment rates,

The annealing and pickling of the Bridgeport Zircaloy-2 C-reactor

- process tubes has proven successful and all treated tubes have been
successfully installed in the reactor,

Physics

Operational Physics

Sglines - Central spline caps were installed at F reactor and a
single-spline operational test was carried out at B reactor; all
reactors except DR and H are now making at least partial use of
the poison spline system for operating control flexibility,

Control Efficiency Studies - The semi-annual summary of potential
gains shows a 3-Iold improvement in startup efficiency at the K
reactors during the second quarter of CY-1960. As a result, the
production efficiency was approximately 6% higher than previously,
These improvements resulted largely from the use of poison splines,

Critical Mass Studieg

E~Metal Storage -~ The limits on storage of unirridiated 0.9L7%
U=235 uranium slugs were revised to allow 300-hole pallets to be
stacked three high, The change is based on experimental data and
the fact that both a flooding of the normally dry storage area
plus redistribution of the E-metal into less-safe geometry would
be required for a critical mass incident,

Theoretical Physics

A refinement was introduced into the interpretation of neutron re-
thermalization data by the use of a neutron diffusion coefficient
which depends both on the neutron temperature and on the graphita
temperature. This realistic model produces values of relaxation
length which are up to one-third smaller than those produced by

the constant diffusion coefficient model previously used. Likewise,

the new model gives higher values for the rethermalization cross
section than the old model.
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New Production Reactor

NPR Process Tubes - A decision has been made to add silicon up to
250 ppm to the Columbia National Zirconium sponge used by Harvey
Alumimum Company in fabricating the production order of NPR tubes.
This addition is expected to improve the corrosion resistance of
these tubes.

NPR High Pressure Tube Rupture Tests - Assistance was glven Process
Design for scheuuling Tour additlonal tube rupture teasts., The re-
sults of our gtudy indicate that it will take approximately two
months to perform these tests, During test performance other
activities, particularly those concerned with loop operation, will
be seriously curtailed, The Process Design section of GE will make
the final determination of the test schedule.

KER Testing - The thermocouple train being irradiated in KER-1 to
evEIEEEE‘f%lm effects was discharged on July 7, following indication
of a fuel element failure. The enriched tubular elements providing
heat to the loop had reached an exposure of 1,030 MVD/T, while a
natural uranium thermocouple element had reached L35 MWD/T. The
location, nature and cause of the failure have not yet been deter-
mined,

The four enriched tube-in-tube elements in KER-2 were discharged
following failure indications at an exposure of 3,150 MWD/T (138
days operation, 2720C coolant). The failure was a lonpgitudinal
split in the Zr-2 jacket on the outer surface of the inner tube of
the upstream fuel element in the chargs.

Fuel Design Analysis - Studies of the effects produced by the
various combinations of cladding thicknesses on the surfaces of
NPR fuel elements have been carried out. Computer results indicate
that, outside of added zirconium costs, no other losses of
appreciable magnitude would result from increasing cladding
thickness to 30 mils on any or all of the four surfaces of the

22 1b/ft NPR element, Slightly higher coolant pressure drops are
offset by slightly higher conversion efficiencies, while increases
in fuel temperature and heat fluxes are negligible,

Graphite for an exponential pile mockup of the NPR was received

and assembled, Measurements are being delayed by lack of the outer
uranium tube of the fuel element. Delivery of these elements is
now six months hehind schedule.
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LLOOO PROGRAM REACTOR DEVELOPMENT

HACR Oxidation Hazard Ivaluation

Construction of the HIOR oxidation prototype has been completed.
Testing and calibration is now in progress, Preliminary testing
has demonstrated the unit will provide an adiabatic vessel,
Temperature drops from 30000 to 100°C required 6% hours with

50 lba/hr of air flowing through the annulus, With no forced
convection this temperature drop was about 10°C/hr (at 300°C),

The gas loop (Project CAH-822) Phase A package remains 95% complete
awvaiting new heater tubing and a few valves. No significant
improvement in blower test performance has been reported by
Bristol-Siddeley. The in-reéactor test section is essentially
complete and it is being prepared for test,
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froduction

Reactor input production was 12.9 percent above forecast; U1
percent above at the six 0ld reactors and 25.7 percent above at
the K reactors., Forecast was exceeded, particularly at the K
reactors due to high time operated efficiency and average power
levels. June production was essentially equal to the May record
when adjusted for one less day.

Overall time operated efficiency was 8lL.L4 percent (81 percent
forecast); 81.5 at the six old reactors and 93,2 at the K
reactors. The high efficiency at the K reactors is attributed
to exceedingly good operating contimuity. XE was down once
during the month on schedule and KW once, contirming an outage
vhich started late in May,

There was no increase in combined reactor instantaneous pover
level or the individual reactor record power levels. Record

production was achieved at KW exceeding their previous record
by 5.9 percent.

NMine ruptures, five I&E regular, two I&E enriched and two solid
regular metal, were removed from tite reactors. Two of the I&E
regular metal ruptures were at H and one each at B, C, and F.
The two solid regular metal ruptures were at DR and H and the
two I&E enriched ruptures were at C and D.

leactor Outages

Reactor outages for June, 1960 are as follows:
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smos  DECLASSIFIED

Date Date Outage
Down Up Hours Remarks

5/30 6/2 72.5 Concluded rupture removal. Charge-dischargoe
and tube replacement.

6/2  6/2 0.8 Panellit trip.
6/1  6/1 0.2 Panellit trip.

6/7 6/9 L5.L Panellit trip. Insufficient reactivity.
Charge~discharge and miscellaneous maintenance.

6/26 6/27 29,6 Panellit trip., Insufficient reactivity,
Charge~discharge and maintenance,

C REACTOR

6/3  6/5 13.8 Scheduled charge~discharge.
6/5  6/5 0.7 Panellit trip.

6/6 6/6 0.2 Panellit trip,

6/6 6/8 30.6 Panellit trip, Insufficient reactivity.
Miscellaneous maintenance.

6€/8  6/8 0.3 Panellit trip,

6/18 6/20 29.2 Removal of an I&K 9li-metal rupture from
tube 2456, Charge-discharge.

6/20 /21 17.8 Removal of a stuck I&E regular metal rupture
from tube 1889, Charge-discharge and tube
replacement.

6/28 6/28 0.3 Power loss relay trip when a pump was being
removed from service at 190 (due to the
failure of a wear ring on the impeller
assembly).

6/29  6/30 30.0 Temperature control and tube replacement,
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D Reactor
6/9  6/11

6/12  6/13

IR Reaotor

5/28 6/1

6/1  6/1
6/2 6/2

6/17  6/19

L8.7

31.7

101.3

0.k
0.2

38.0

6/30  Still down

fLReactor

6/2  6/3

6/20 6/21
6/2h  6/26

35.3

38.7
18.0

- -
. .

-3 July 12, 1960

Removal of an IYW 9li-metal rupture from
tube 396, Charge-discharge.

Temperature and pressure inorecese on tubo

1074 when a spline cap insert became un-
screwed and washed dovmstream,

Concluded rupture removal, Charge-discharge
and tube replacement

Tripped by low flow on the IR-1 loop.,

Panellit trip when a jumper was inadvertently
removed from gauge 2973,

Removal of a solid regular metal rupture from
tube 2155. Charge-discharge and maintenance,

Iripped when a wire between Panellit pauges
was inadvertently removed while attempting to

to remove a leaking gauge., Insufficient
reactivity.

Removal of an I&E regular metal rupture from
tube 2471, Charge-discharge.

Scheduled charge-discharge and maintenance.,
Leak testing., Tube and Venturi replacerents.
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st DECLASSIFIED

5/30  6/1 30,2 Completed leak teating and tube replacowont,
6/L  6/1 0.8  Loose rear cap on tube L4357,

6/L  6/2  17.8  Removal of an I regular metal rupture from
tube 1583, Oharge~discharge,

6/3 6/4  29.5  lemoval of a stuck solid regular metal
rupture from tube 3553.

6/7 6/0 35.6  leak testing and charge-discharge,

6/16  6/18 3kl Removal of a stuck Il regular metal rupture
from tube 2178, OCharge-discharge.,

6/18  6/19 26.4  Leak testing and tube replacement,

6/26  Still down Scheduled charge-discharge, tube replacement,
and Ball 3X work,

I Reactor

6/6 6/8 58,5  Soheduled charge-discharge.

KW/ Reactor

5/3L  6/2  U6.7  Charge-discharge following Panellit trip.

Poactor Fower Level Limltations

The primary power level limit at all reactors except Il was based
on fuel element failure control at present goal exposure, Il reactor
pover level was restricted by bulk outlet temperature limitations,

L]

tupplementary Control

Use of supplementary control systems (polson splines) reduced average
startup losses at C, DR, H, KO and KW reactors to about 0.2 equili-
brium days equivalent production, representing an improvement of about
O.L days from the averapge 1959 startup efficiency for these reactors.
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Present NReactor Teolnology
Projection Muel Testing

The first three of the initial ten colums of end-agider supported
fuel elements were charged into B reactor., Iligher than normal
oharging foroces were experienced and an investigation of ‘the two
colums remaining in storage from the same shipment revealed over=-
sized fuel elements; therefore, it was oconoluded tle first three
colums were also oversized and ocould have caused the higher
charging forces,.

Preliminary visual inspection of the first columns of self-supported
fuel elements irradiated to 1200 MWD/T revealed no umusual corrosion
patterns,

Dingot Uranium Testing

Analysis of the seven tubes of alloyed Dingot material discharged
from D reactor at an average exposure of 795 MID/T revealed:

Eag Dingot 1s not significantly higher in average warp than Ingot,
b) Tube filling capaolty for Dingot was not statistically
different from Ingol’z.

ITR_Testing

The Zircaloy-2 Jacketed natural uranium thermocouple element being
irradiated in KER-1 under PI.IP-31ll-A to measure the temperature
effect of curd film deposition in pH 10 coolant has shown neglibible
filming at coolant tcmpgra’curea up,_to 288°C with a surface heat

flux of about 0,35 x 10°% B/hr. £t.2., lNo filming resulted from
geveral temperature cycles.

The four eilghteen~inch enriched tube-and-tube elements being
irradiated in KER-2 under PT-IP-292-A to a goal of 3500 IIHD/T
have attained an exposure of 3085 MJD/T in 2709C coolant at an
average specific power of 123 KW/ft.

The eight natural uranium Zircaloy-2 jacketed tube-and-tube elements
being irradiated in IUR-l under PT-IP-300-A to evaluated hot-headed
closures have attained an exposure of 805 IWD/T in 280°C coolant.
The elements are scheduled to a goal of 2500 ILD/T.

Ceramic Ball Tests

17-655L7, "Development Test IP-330-A, Pile Testing of Ball 3%
Candidate Materials," was lssued on June 13, This DI will permit
irradiating (for 30 operating days) samples of ball 3X candidates
in the KV reactor and determining (1) rate of poison burnout under
Irradiation, and (2) post-irradiation activity of the samples.,

[
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-1 Converslon Ratlo

Twenty-six pleces of N material from the small-scale I~N test
at 105-1 were shipped to SRO about June 17,

Orltical Mass Studles

A method has been devised which will permit the ocaloulation of
safe spacings for bundles of fuel elements, The answers should

bi oonservative and will be used to replace the previous caloula-
tlons,

Hazards Review

Tho analysls of the NPR cold water, startup, and flooding accldants
ues oompleted and issued. The latest revised values of control
strengths for both the horilzontal rods and ball 3X systems wvore
inoluded in HW-6L755, "N Reactor Hazards Review of Cold later,
Ilooding, and Startup Acoldents,"

NPR Transient Roaponse

A preliminary analysis of the NPR has developed to the point that

an analytical estimate of the transient response has been obtained,
For a small step in reactivity the maximum pover 1s reached in less
than one second and quickly settles to within one percent of final
power, A 50 percent over-shoot is obtained. Since the peak is
reached so quickly and also due to good damping characteristics,

the power response to reactivity ohanges 1s expected to be excellent,

Zirconium Tube Proocurement

Bridgeport Brass Company has prepared 11l C reactor process tubes
which are within specifications in all respects except pnssibly
corrosion resistance., The corrosion test results have not yet been
received, One additional tube has been prepared which is within
specifications except that the wall is 1 mil below minimum speci-
fications for 23 inches at one end of the process tube, This tube
has been offered to us for $550 and will be shipped with the other
tubes. It 1s technically acceptable for use in-reactor.

Harvey Aluminum Company has shipped 18-20 C reactor process tubes
whlch are scheduled for delivery onsite on June 30.
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Inoreased Graphite Temperature Limits at IR

The startup of IR reactor on June 1 and operatlon to the slut-doim
on June 17 was conducted under the provisions of Production Tast
-325-AC allowing a time-welghted inorease of the graphito tomp-
erature limit to a maximim of G50°C even with a helium concontra=-
tion in the reactor atmosphere as low as 20 percent. The higher
temperature was allowed under test to gain reactivity tlhrough higher
moderator temperature in place of a number of tubes of enriched fuel.
The burnout of the graphite under startup of this sort is being
monitored with inserted test pleces of graphite. The weight loss of
these pleces will be measured after two startups.

Overbored MNozzles - 0 Reactor

Fluorescent-penetrant testing of the flrst of the overbored nozzles
prepared for uge with the 300 zircaloy tube facility in C reactor
hag indicated an unsuspeoted porosity. It has been ooncluded that
the first ten tubes currently being installed in C reactor should be
hand~charged with self-supported fuel elements and standard nozzles
installed, This will provide perhaps two months!' time for more
complete evaluatlon of the suitability of the reamed nozzles for
reactor use and for the evaluation of potential alternates,

Zr Thermal Fatigue Tests

An equipment fallure in the testing equipment has resulted in a
two-week delay in the steady-load thermal cycling program. Test
results to date indicate no fatigue fallures in more than 3000
thermal cycles between 200 and 800°T at stresses up to 35,000 psi.

Zr Sponge Specifications

llarvey Aluminum Company has been granted permission to Increase

the maxirum limits of silicon in the sponge used for NPR process
tubing from 100 parts per million to 190 * 40 parts per million,
The additional silicon was authorized on the basgis of data which
indicate ‘that:

(1) The short term corrosion characteristics of the fabricated
tubing would be improved somovhat,

(?) Metallographic examination of the fabricated material indicates
that the additlonal silicon would result in more uniform dis-
tribution of alloying materials in the zirconium matrix,

(3) No data indicate unfavorable results from such silicon addition,
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The inquiry for bids for supplying about 300 tons of graphite for
the front and rear reflectors and truhnion sleeves for the NPR has
been sent out, The bid reply date id July 18, This is the last
lot of graphite for the NPR for which an order is to be placed.

PR Graphite

Shielding studles

Mlm readings indicate that front face neutron lealtage, which has
reached an operating dose rate as high as 30 mrem per hour in some
oases, passes through the iron rings and donuts around the gun
barrels; no neutron moderating materials interrupt the travel of

the neutrons ‘through this region. Square polyethylene plates, which
would moderate and scatter the escaping epithermal neutrons, are
being considered as a short range relief; these plates would clip
onto nozzle caps thus forming a transparent wall which should
provide only negligible interference with normal front face
personnel operation,

-1 Loop

Haval Reactors cancelled the KAPL-120-8B list and all further test-
ing in the H-1 loop, Determination of the ultimate disposition of
the loop is in progress.

Iquipment Experience

1) Ei%htyufcur rocesa tubes were installed; 67 at H, 10 at C
zirconium), 4 at B, 2 at D, and one at LW,

2) Five process water leaks were corrected, four tube and one
Van Stone., Two of the tube leaks were at H and one each
at B and C, The Van Stone leak was at II,
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lleat Transfer and Temperatrre fSffects

Transient heat transfer experiments were continued with a full-
scale mockup of I&E fuel elements in a K process tube., Nata
concerning flow rates and fuel temperatures were obtained for
conditions simlating a sudden decrease in front header
pressure as would result from loss of high 1ift pumps, loss

of line connecting pumps and reactor, or loss of a front

riser,

Neutron attenuating measurements as a function of temperature
have been completed for iron-serpentine concrete with a
density of 265 1b/ft3, The measured fast neutron removal
cross section decreased by about 12 percent after prolonged
balting at 320°C as compared with the as-cured material. The
gamma dose rate through four feet of this concrete increased
by a factor of three under the same conditions,

There is a period when the power level has not decayed to as
low an equivalent heating value as the flow rate; hence, a
perlod of inadequate cooling will result. The objective of

the experiments was to determine the magnitude of front header
pressure reductions which could occur without resulting in fuel
element =nd process tube meltdown during the inadequate cooling
period oi the flow reduction-power decay transients, tluclear
heat generated and 5 percent of original power level for
sensible heat removal from graphite stack are used for the
calculations,

Freliminary analysis, for a tube power of 1000 K and outlet
temperature of 1250C, gave no excessive heater rod tempera-
tures and complete recovery of adequate cooling was obtained
when the header pressure was dropped down to LO psis., Tor
higher powered tubes, 1500 KW and 2000 KJ, the header pressure
required for adequate cooling was 80 psig and 150 psig,
respectively,
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cooar Tute Tlosure

T:o prototype llark V flapper valves were installed on the
raar face of 100-IT on June 7 for observation., A requisition
for 100 Mark V flapper valves and 100 ball valves has been
issued,

Tolson Spline Systen

The second I Area spline coiler was installed in YT and
sed June 3 startup. About L7 splines of 1C0 uere removed
from the reactor using a ceoiler, ‘

o

iaterials Development Operation

Ceramic Balls for 105 !! Reactor

Ceramic balls poisoned with samarium oxide 1iave been selected
for HPR use,
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Pile Gas Problem

Investigations of possible gas recovery and purification schemes
is In progress. Efforts are now being centered on comparative
economics of three different proposals:

1) Treatment of gas from startups and large purges only -
including a 20,000 cubic foot gas holder capacity.

2) Treatment of entire circulating stream to remove 05 and CO,

3) Additional treatment to keep Ny within limits,

Preliminary spot estimates of recovered helium gas range from
1/2¢ to 1-1/2¢ per cubic foot with purification equipment cost
of about 5,000 to 10,000 while prices of 10,000 cubic foot He-gas
holders are quoted at $3,000 each.

Mechanical Development B

Basic test work is almost complete in Hydraulic Horizontal Control
Rod.

Haterials Development - 2000 Program

Metallurgy Programs

Corrosion Studies

Hydriding of Zircaloy-2 in Simulated NPR Stack Cas

Two groups of Zircaloy-2 coupons were exposed for L3 davs in helinm
gas contaminated with 0,05 percent Hp and 0,03 percent CO. This ras
was prepared by passing tank helium over NPR graphite at A00°C where
the traces of water in *the gas were converted in part to hydrogen
and carbon monoxide, The Zircaloy-2 samples were held at 350°C and
3009C while the gas flowed over them at a slow rate, Hydrogen
analyses of the samples indicated no detectable hydrogen pickup in
i3 days on either autoclaved or etched Zircaloy-2. From this test
1t was concluded that the system of 0.05 percent Ho, 800°C graphite
and 3509C is a much safer operating zone than the 4 H, 1100°cC
graphite, and L009C Zircaloy-2 system which resulted i1 hydriding
fallure in 53 days in earlier experiments, It is planned to con-
tinue the experiments for several more months to establish that the
system is not hydriding at a rate undetectable for short exposure,
but still unacceptably fast for the designed NPR tube life,

-
DEGLASSIFIED
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Z1irconium-Hydrogen Reactors

Zircaloy-2 reacts with hydrogen rapidly at 5000C in the absence of
any protective film on oxide-forming reagents. A chromium plate
by a vapor deposition on Zircaloy-2 is being evaluated.

In one test, utillzing a-sidmeuméne. chromium vapor-deposition process,
the very thin (0,005 mil) coating slowed down the hydrogen absorption
rate in pure hydrogen at 500°C approximately 1000-fold., Evaluation
and study of protective mechanism is contimuing,

Reactor Program - Coolant Systems Development

Examination of KER Loop 1 Zircaloy Tubs

Samples cut from three different locations along the tuhbe have been
examined metallographically, All three samples exhibited substantial
recrystallization including one from the low-flux shield region which
leads to the tentative conclusion that this was not irradiation-
induced. Hydriding was estimated at less than 50 ppm.

One small pit approximately 10 mils in diameter and 3 mils deep was
found which had not been reported previously,

Reartor Materials

Properties of NPR Reflector Graphite

The highest degree of preferred orientation yet observed in a
production lot of reactor grade graphite as determined by cosf-
ficient of thermal expansion measurements is indicated by npre-
liminary results on the Great Lakes graphite being supplied for
the NPR reflector.

Sample Location and 6 6 Ratio of Transverse to
Orientation With Re- = x 10° Ax 10 Parallel CTE's
spect to Extrusion Axis 25 to 100 25 to L25 25 to 1000C 25 to L250C

Center of Bar Transverse 3.00 ! 8.33 5.09
Center of Bar Parallel 0.36 0.88
Tdge of Bar Transverse 2.83 3,90 6.95 1,07
Idge of Bar Parallel 0.4L47 0.83
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The highest ratio previously observed was in KC graphite with a
ratio of 4,05 for samples cut from the center of the bar measured
between 25 and 4259C., Similar tests on AGOT-LS are in progress,

NPR Reflector Graphite Irradlation at ETR

Samples of NFR reflector graphite have been prepared and measured
for the GEH-13-5 controlled temperature experimental capsule to be
installed in the N-5 corner of the ETR. The capsule is designed
for a sample temperature of 550°C and a fast neutron flux (E>1Mev)
which varies by a factor of three along the length of the capsule.
The experiment will consist of four sample positions with three
wafer samples per position., Each sample cut will have two NFR
graphite samples and one CSF graphite standard.

Annealing of Unirradiated Graphite

Unirradiated graphite which 1s annealed at temperatures above about
700°C undergoes some small growth. This length change 1is not
assoclated with the much larger growth observed during relief of
compression set, and may be related to the "freeing" of a graphite
sample from a large bar., However, the mechanism of growth is not
certain, and if full size bars also slightly expand this might ex-
plain the observed initial growth of graphite in reactors, such as
C and K which have always run hot.

Cubes, L" x L" x 3-1/2", of CSF and GI-10 (needle-coke) graphite
were heated in a hydrogen furnace to 900°C and held for two hours.
The length changes measured varied from+ .005 to + .Ol percent and
are believed to be the maximum effect attributable to annealing.
Consequently, it is not now concluded that thermally induced ex-
pansion is important in initial reactor growth. A quantitative
discussion of this experiment is found in HW-65815, "Thermally
Induced Length Changes of Graphite Cubes,"

Effects of Acid on Graphite

Dichromate-sulfuric acid solutions have been used to clean various
aluminum reactor components, There has been recent intarest in
possible effects of this solution on graphite in connection with the
¢leaning of the Pneumatic and General Purpose Facilities, Four
graphite samples were soaked in a weak dichromate-sulfuric acid
solution for one hour then baked for one hour at 150°C and one hour
at 2500C, X-ray examination showed a 0.1 to 0.2 percent increase

in Co for the four samples. There should be no serious consequences
if a small amount of this mixture is spilled into the graphite,
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1,000 PROGRAM - REACTOR DEVELOPMENT (

Graphite Studies

EGCR Graphite Irradiation

Vo . / '
The experimental capsule, H-3, containing EOCR prototype graphite
vas successfully irradiated in the Ciineiral flectric Test Reactor
during cycle 13, All nine thermocousplds operated satisfactorily
during the cycle. Average sample temperatures along the capsule
are: 350, 500, 650, 750, 750, 650°C.

During the cycle 1l shut-down now in progress the capsule and gulde
tube had to be removed from the reactor so a loop facility tube
could be worked on, The capsule was reinstalled with no apparent
damage,

Graphite Combustion Experiments

Experiments have been conducted on laboratory scale samples (cylinders
up to 8" length and 7/8" diameter) to test the model proposed to
evaluate graphite combustion conditions.

‘~vrnoment between observed and calculated temperatures has hern grod
(¥7n°C), These tests will contimue on several types of graphite tn

dntermine the effect of graphite reactivity on the ignition tempera-
ture.

Chlorine has proven very effective in control of runaway graphite
oxidation, The addition of 2 percent (by volume) chlorines has
elevated the graphite ignition temperature over 150°C and the

successfully controlled combustion when the graphite temperature
exceeded 1000°C,

Coatings DLvaluation Studies

Several siliconized - SiC samples irradiated at 500°C to an exposure
of several thousand MID/AT are being tested. The samples are heated
to 960 to 1000°C in flowing air until loss of weight indicates fail-

ure of the coating and attack of the graphite substrate, Two samples
tested showed no attack.

|
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Thermal Cycling Studles on Coatings

Three graphite rods coated with siliconized - SiC have been thermal
cycled over a temperature range of 200°C to 1000°9C in flowing air
at 6 cycles per hour, Another rod is cycled three times per hour
between 200°C and 12009C, Coatings applied to selected graphites
such as Great Lakes Carbon Company's "A" grade showed no significant
change, Coatings on usual reactor grade graphite developed severe
circumferential cracks with a resultant high weight loss in the
graphite substrate,

Project CANl-822

The Phase "A" package remains at approximately 95 percent comnlete.
Progress payment to this extent has been requested by Struthers-

lells and will be accomplished by the end of the month, The NHastalloy-X
tubes for the electrical heater, the main delaring item, have haen
reordered from a new supplier after a history of rejected tubng from
Carpenter Steel,

After experiencing repeated unsuccessful test runs of the blowers,
Bristol-Siddeley reports the first blower has now been running at

6,000 rpm at 250 psi and 250 C. No new delivery date has been
quotedo
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FRODUCTION

Record reactor input production was 5.4% above the prreviong mocds
mun achieved during Jonuary, 1900, Ehe production foracant tnn
exceedad by 10.5%, with the six old reactors bring b WS above and
the K reactors 19.7% above, Forecost was excerded due to high time
operated efficiency and average operating level,

Qverall-time-operated efficiency was R5,27 (O forecast ); N2,
at the six old reactors und 91.%% at the [ reartors.,

1

P

There wag no inerease in the combined reactor Taztantannont oy
1rvel or in individual reactor recora rover 1owsla,  Indiviana
reactor production records were nchleved ot B s K%y vher v ot e
hizhs were exceeded by 5.5 and 10,175, respretively.

Ton rupturen (four INR regular, five I&R enrichoal et one [P 1At
elomant) ueve remeved from the roactors.  The 1w permlar weta)
roptures were ot D, W, 1, and [F.  Three of the opred thod pinoog gosra
"t and one each bt B oand DR, The mimher of raphures Aduring Moy a4t

Iounr than the previous threee month averaro,

Beactor Outures

Reactor outages for the month of Moy are as follows:
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Reactor Outages : P[ﬁ' AQQ,F!ED
X yoeo ’.‘ LELIN " &
B Reactor ‘ 1
Dhta Date  Outage
Dowm  Up Houra Remoxrky
510 5/10 Trip dve to fauty relay in emergoncy rovor
circult,
5/10  5/12 Mointenance completed after insufficlent

reactivity.
5/12  5/12 1.1 Repair of a faulty thermocouple in tube o875,

5/12  5/12 0.3 Panellit trip due to an oscillating gauge
on Row No. 17.

5/30 St11l1 Dowm Removal of a stuck I&W f-motal rupture in tube
© 09067,

' Reactor
—tnm e

5/3 S/H 32.0 Removal of an I&R Memetal rupture in tube
2287, Charge-discharg-.

5/5 5/6 359  Re» wal of an I&GE Femelal rupture in tube
2780,

5/1h  5/1h O.h Hic)i Pancllit trip on auge 3962.

5/20 5/21 31.8  Removal of an I&N B-metal rupture from tihe

1792, Charge-discharg~,

D Reactor

5/1 5/3 64.3  Removal of an I&m regu'ar metal rupture in
tube 1366. Charge-discharge.

5/13  5/1h 38.3  Repairs of ruptured export water line,

5/28  5/30 36.0  Miscellaneous maintenance and charge-11achayen,



PR Reanctor
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Removal of an I&GE regular metal rupture
from tube O7T4. Charge-discharge.

Repairs on ruptured export water llne.

Repli.cement of leaking tute 2672 and further
ldok testing.

Replacement of front face nozzle cap on O7Gh,

Removal of an I&N R-metnl ruptwre from tube
3858 and charge-discharpe.

Removal of an I&E regulr metal rupture
from tube 2887 and char e-discharge.

Reroval of tube 0977 which had a split vrear
Van Stone.

Tripped due to mallunc!ion of Me,
“hich eauged a lose of o, T punp L the |0
Bullding.

SR TPIS S

Panellit trip.

h/30 5/2 3.2
5/13  5/1k b1.7
5/20  5/21  35.8
5/22 5/22 0.6
5/28  8till Dowvm

F  Reactor

5/16  5/18 46.0
5/20  s5/21 36.0
oo s /en 0.h
Il Reactor

5/11  5/11 0.2
5/11  5/13 46.5
s/eh 5/26 h7.6
5/26 5426 1.3
5/26  5/26 0.9
5/28 5/28 0.2
5/28  5/30 34,5
5/30  St11l Down

Removal of an I&T regular metal rupture from
tube 3171 and chargre-difscharge.

Leak testing and charpgr-discharge.

Panellit trip vhen a rear face cap came loose
on 0963,

Tightened a loose rear cap on 2279,
Leaking rear pigtall on tube OLYO,
Severed rear pigtail oun tube 0490,

Water leal:.



\ DEBM

Kl Reactor

5/ 5/16  48.0

5/16 5/16 2.2

KW Reactor

5/3 5/4  18.8

5/17 5/18  33.3

5/31  Still Dovm

Removal of a stuck IAF regular metal rupbture
from tube 1661 and charge-discharge.

High activity trip on Loop 3 due to a rupture
in tube 3565,

Beckman trip and insufficient reactivity
Removal of a solid regular metal rupture
from tube OU8L,

Panellit trip Aue to rolling gouges and

charge-discharge.

Panellit trip on tube 0280.




LQUIRMENT BXPERINNCE

1, 8ixteen process tubes were installed; 12 at DR, two at H and
one each at D and KE.

2, Five tube leaks and three Van Stone leaks were corrected, Three
of the bube leaks were at DR and one each at B and C. Two
Van Stone leaks were at H and one at T,

3. On May 18th, the 2-C relay in the emerrency electrical powver
gystem falled at B reactor. This caused the emergency nlter-
nator to come on, bucking the BPA voltug~. The resulting volt-
age fluctuation in the instrument pover supply caused a scram,
and the overheating required replncement of the relay and con-
siderable wiring. This relay wvas original aquipment, and it
failed primarily because of old age. The system has been re-
gtored to normal.

4., Both D and DR were shut down May 13 due to leaks in the raw
wvater line.

5. On May 13 one of the 183-D pump motors falled [urine 1 motor
start. The damaged motor is beinp shippad off-site for repairv,

Charge Scaters

Fquipment to take the place of the charging machine Adurine the fuel
rlece s=ating portion of the cycle has been Anlivered to all areas,
The seaters vere operatdd during recent KR, KW, D, and DR outages.,

Safety Control

The operational experience tests on the sub-eritical monitor syatem
have been successfully completed for all eight reactors.

Control Efficiency

As a result of nearly full spline usage, the averare non- ~equllibrium
loss for C and K reactors for April and May vag O.?B of an equilih-
rium Aay. This compares with one full day average loga ar shartuy
in the fourth quarter of CY-1959, a pariod repraaontine reaarpt inn
stortups, and 0,7 of o day locs per gtartup for theos thveo reantons
Surdng the first quarter of CY-lQGO, L perdad shan splins e s
being expanded ot the K reactors.



The average flattening efficiency during CY-1960 as measured
by total ECT has averaged about 2 percent higher than the 1959
average; spline usage and the block discharge at DR have been
major contributors.

Reactor Povwer Level Limitations

The primary power level limit at all reactors except H was tube
power based on rupture control at the goal exposure permitted by
the available metal supply. H reactor power level was restricted
by bulk outlet temperature.

Reactor Fuels

Projection Fuel Testlng

Twenty tubes of collapsible bumper clements and twenty tubes of
control elements were charged in D reactor on May 13, under PT-
IP-262-A. FEach tube of bumper elements is paired with a tuhe of
control elements to assess comparative behavior. One pailr »f tuhas
is scheduled for discharge at 40O MWD/T, two pairs at "o tup/T
and the balance at 1,200 MWD/T,

An organization for scope design to convert ona veactor oy nna or
bumper fuel elements is being formed. Project representatives have
been appointed.

Dingot Uranium Testing

The remaining monitor tubes of alloyed dinsot material were dis-
charged from D reactor at an exposure of 800 MWD/T. The elerents
are being examined. No results are available yet.

KER Testing

Eleven natural uranium Zircaloy-2 jacketed tubular elements 1.7 ineh
0.D., 0.%0 inch I.D., with Adifferent beta heat treatments, orne Zlrenlao.
2 Jacketed seven-rod cluster element, and one 0.3 inch Aiameter
natural uranium Zircaloy-2 jacketed rod in a Zircaloy-2 sleeve were
charged in K.R-3 on May 11, 1960. Shortly after the renctor started
up on May 16, neutron activity was noted in the lnop. The neutren
monitor indications increased in severity until the reacteor was shut
dovn with a neutron monitor trip approximately ten honrs after shart-
up. The elements were discharged and are awaiting examination to
determine the cause of failure. The loop was not recharged.

E-N Load Analyses

Discussions have been held with Savannah River rersonpel rerardine
the separation of the mint material discharped from the recent small
scale’ T~ test. Because of the short time sinee Aischarere, 1 calor-
imetric method of tritium A~termination appears not to b~ feasible,



-7 =

Straight extraction on a laboratory scale will be raquireq,
Accuracy of the results of the tritium determination will
probably not be better than 2%.

Metal Coefficient Measurements

An analysis has been made of scram transients for reactors wlth
I&E loading, y%e ding an average metal coefficient of -.O75E§
or 1.875 x 10-68K aAs o comparisdn the Giant program yielﬁgd
a metal coefficille of -.064i2  Further investigations will be
made including evaluating thiaffect of delayed neutrons on the
analysis of scram transient tests. Ultimately the metal co-
efficient will be of 'ugse in refining miscellaneous safety and
operational calculations,

Pu-230 Buildup

Calculations of the Pu-238 concentrations at various exposures
were completed. Results are given below:

Exposure Gms Pu-238/T Gms Pu-230/1

‘ Natural U I-lHetal

0 0 0
200 1.45 4+ .22 x 1073 1.47 + .22 x 1073
500 14,6 + 2.5 x 1073 15.0 + 2.5 x 1073
800 43.9 + 7.3 x 1073 46.0 + 7.5 x 10-
1000 4.3 + 12,4 x 1073 78.4 + 12.6 x 1073

Graphite Temperature Limits

Pr-IP-312-A and PT-IP-325-AC providing for an increase in graphite
temperatures at K and DR reactors, respectively, were prepareqd

and approved during May. The K reactor chanrce was of immedinte
advantage during startup and the increases are expected to be
utilized in DR during the present outage.



Decontamination

C Reactor was decontominated for the first time with an internal-
external chemical flush. Using essentially the same system used
successfully at the K reactors, the entire rear face of 105-C

wvas decontaminated on April 20, 1960. The flush took approximately
18 hours to accomplish, but it saved almost half of an estimated
five-shift maintenance skhedule. Exposure to personnel was reduced
to less than a quarter of normal,efficiency was improved 100%, and

a number of comments by craftsmen and supervisors indicated a marked
morale boost.

PHYSICS 2000 - 4LOOO PROGRAM

A new filament design has been used for the ion source of the
heavy-element mass spectrometer to provide isotopic analyses in
support of the Critical Mass Laboratory, Plutonium Recycle Promrom,
and other programs of Nuclear Physics Research. The new flilament
design gives greatly improved yields of heavy metal ions and enhances
the performance of this spectrometer for plutonium analyses.

For plutonium compounds in aqueous solution or other hydrogeneous
mixtures, a quontity of special interest is the limiting concen-
tration for which koo becomes unity, Providing the H/X ratio can

be maintained at values for which kso < unity, no other restrictions
will be required to insure nuclear safety. Experiments were begun

in the PCTR for determining the concentration st which koo = unity
for a plutonium nitrate solution. The initial solution concentration
of Pu in the buffer tank was 6.5 gm Pu/L, but this concentration '
appears to have been too low (koo #<0.86) to properly enalyze the
experimental results. Purther measurements are being made with
higher Pu concentrations. The buffer tank has been refilled with

Pu solution at a nominal concentration of 8.5 gm Pu/IL, and with

core tank concentrations in the range of 809 gm/L.

The digital computer code APDAC-I (a PCTR Data Analysis (ode-I) has
been placed in production use. This code provides a raopid and
flexible means for snalyzing the raw dnta obtained in flux trorevse
experiments by the foll activotion technique. Therincipnl ol nnboro:
to the customer of this code over usual datn reduction codsg nre:

1. Doto ore recovded directly on specinl forms, from vhizh finpit
cards are punched, thus minimizing errors.

2. A complete statistical analysis of the dnta is mnde. Use of
the code will permit a decrease in the omount ol professional
Personnel time needed for dota analysis and an incrensed efli-
clency of utilization of the experimental facilities.




FISSIONABLE MATERIALS - 2000 PROGRAI1

‘ Coolant Systiems Development

In-Reactor £ingle-Pags Testing

The six KE single-pass tubes were recharged. Two tubes are now
testing the corrosion of standard aluminum-jacketed fuel in 7.0 pH
process water with 1 ppm dichromate inhibitor, two in pH 6.5 2 ppm
dicromate, and the other two tubes contaln regular unweighed
production elements.

Structural Material Development

C Reactor Zircaloy Tubing

Fabrication of 200 smooth-bore Zircaloy-2 tubes for C reactor is
nearly on schedule. One hundred and seventy tubes are expected
to be ready for shipment on the new delivery date of July 1, end
the remaining 30 should be completed by July 15. Inclnded in this
gronp will be four to six tubes made an extra five feet lons lor
~rorrosion tests in K reactor.
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Production

Reactor input production was T.0 percent above forecast; 3.1
percent above at the six old reactors and 13.2 percent above at
the K's. Forecast was exceeded due to improved average power
levels and nonequilibrium losses.

Overall time operated efficiency was 81.6 percent (82 percent
forecast; 80.8 percent at the six old reactors and 84,1 percent
at the K's).

The combined reactor instantaneous bower level was not incrensed.
The individual reactor power level was increased 5 megawvatts at
DR (1830 to 1835). New input production records were achieved
at D and DR reactors, exceeding previous records by 5.4 and 3.7
percent, respectively.

Ruptures

Eleven ruptures, seven I&E regular, three I&E enriched and one
tube-in-tube, were removed from the reactors.

Three of the I&E regular ruptures were at F, two at C and one
each at B and KW. The three enriched ruptures were at Cy DR and
KW and the tube-in-tube element vas in KER loop No. 4.

Reactor Outages

Reactor outages for April, 1960 are as follows:




Files

D NTACTOR

Date Date  Outage
Down Up Hours
W/ /9 125.3
bf9 49 3.5
L/26  W/29  73.5
C REACTOR

L/1 h/1 0.6
h/9 k/10 32.6
L/1n h/11 0.3
/11 4/13 32.1
/19 hW/25 17,7
D REACTOR

4L/10  4/13 61.1

-2 - May 9, 1960

DECI ASSIFIED

Remarks

Scheduled charge~discharge, tube replace-
ment and Ball 3X work.

High temperature indicated on tube 2180.
Investigation revealed a faulty thermocouple.

Removal of a stuck I&E regular metal rupture
from tube 0668 and charge-discharge.

Removal of an I&E regular metal rupture
from tube 2588.

Removal of an I&E regular metal rupture
from tube 1275 and charge-discharge.

Panellit trip.

Panellit trip; insufficient reactivity. Miscel-
laneous maintenance performed.

Removal of a stuck I&F F-metal rupture from
tube 1380, charge-discharge and scheduled
maintenance,

Water leak and charge-discharge.

neel e

“llﬁ’ﬂ.“_’\' g FlEﬂ



Flles

DR REACTOR
b/1 h/2
L/12 L/1k4

37.1
37.8

4/30 Still Down

P REACTOR

3/28 4/1
h/3 b/h
L/8  uW/10
hj26 4/28
H_REACTOR

3/3L 4/h

YW
YW

L/18  L/20
h/23 h/eh

83-6

33.8

38.0

40.8

82.8

-

0.8

0.2

54,6
3k.9

May 9, 1960

Water leak.

Charge-dischargé and miscellaneous main-
tenance following a trip originating with a
transformer failure at 190 Building.

Removal of an I&E E-metal rupture from tube
o7Th.

Removal of a stuck I&E regular metal rupture
from tube 3873. Charge-discharge and tube
replacement.

Removal of a stuck I& regular metal rupture
from tube 116%.

Removal of a stuck ILE regular metal rupture
from tube 1569 and charge-discharpge.

Removal of an I?F repular metal rupture from
tube 3683 and charge-discharge.

Removal“of an I*T regular metal rupture from
tube 1464 and charge-discharge.

High pressure Panellit trip.

Panellit trip due to poison only partially
flushing from a ball valve tube.

Water leak and charge-discharge.

Leak testing.




Files
KE REACTOR
L/1 h/2
L8 /g
u/2$ L /25
/26 L/26
W21 b/j29
KW REACTOR
W6 u/7
h/28  4/30

3.k

56.9

. . -—
.

- b . May 9, 1960

Tripped due to loss of No. 6 high-1lift
punp and charge-discharge.

Unexplained trip of HCR's and charge-
discharge.

Tripped by a rupture in KER Loop 4,
and charge-discharge.

Tripped due to a faulty thermocouple on
Loop 4 heat exchanger.

Trip caused by a faulty grounding circuit
in the Loop 3 heat exchanger temperature
measuring system, and insufficient re-
activity.

Removal of an I&E F-metal rupture from
tube 2548 and charge-discharge.

Removal of a stuck IfT regular metal rupbure
from tube 1385 and charge-discharge.




Fyulpment Experience

May 9, 1960

(1) sixty-three process tubes were installed; 48 at B, three at
D, four at DR, two at ', five at H and one at KE.

(2) Three tube and three Van Stone leaks were corrected.

(3) One of the CG-600 pump impellers at 190-C (Byron Jackson
pumps ) incurred fallure of a shaft interstage seal ring
during operation, forcing shutdown of the unit.

(4) At C reactor the rear ball valves were removed from the
111 tube OCD facility and thermocouple leads were replaced
on rows 68 through 75.

(5) An unscheduled outage at DR reactor was caused by the failure
of a 13.8 KV/44OV transformer which also caught fire.

(6) while attempting to replace No. 2 HCR at KW approximately
three feet of the rod end broke off at the step plug. The
rod was left out of service for later replacement.

(7) Class "A" overhmilson No. 3 and 4 KE river pumps and No. 2
and 6 KE high 1ift pumps end motors were completed.

Present Rewactor Technology

Projection Fuel Testing

The first two columns of self-supported fuel irradiated in 2
reactor ribless zirconium process tubes were discharged during
the outage of March 10, 1960. Exposure at discharge was approxi-
mately 775 MWD/T. Goal exposure for these columns was specified
at approximately 200 MWD/T above the normal variable gosl. A
replacement charge of 20 tubes of bumper elements to be charged
under PT-IP-262-A-FP 1is under preparation in FPD.

Dingot Uranium Testing

Four monitor columns of dingot uranium were discharged at about
koo MWD/T for speclal measurements. The examination of these
monitor columns revealed no significant difference between the

dingot and the control ingot material with respect to either
warp or diameter change.

o . SRR
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KER Testing

The process tube in Loop No. 1 was replaced. Leak problems vere
solved and the loop is currently charged with dummies on a shakew
down cycle prior to charging fuel elements.

On April 23, a fallure occurred in the en.’clied tube-in-tube
elements being irradiated in KER-4 at a coolant outlet temperature
of 2809C. Exposure at the time of failure was 1070 MWD/T. Dis-
charge of the elements was accomplished without difficulty and
observations revealed no failure on the outer surfaces of anv of
the elements. Radiometallurgy exmaination will be carried out as
early as possible,

SS Accountability

The program devised to predict isotopic concentrations as a
function of exposure has been modified slightly. The expression
for the effective resonance integral 1s now:

&L=f]mV(t¢3Q]ﬂ1'[P¢H(t—lQ]B Vi
vhere '

A = 2,81 barns & = X0 ML{//;(_

B = 24,7 barns 53 = 3.0¥X 10"'//;C_

The concentration of Pu 242 in natural and 0.946 precent enriched
uranium was calculated for various exposures. The concentrations
appearing below are for K reactor with a 38 piece natural I&E
charge and a 46 plece enriched I&E charge. A Pu 2hl capture
cross section of 500 barns was used.

MWD/ Ton of U Pu 242 in Grams/Ton of U
Natural U
100 0.001
200 0.001
300 0. 00k
00 0.015
500 0.030
600 0/056
700 0.100
800 0.166
900 0.253
1000 0.371
1100 0.512
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Enriched U
700 0,040
800 0.068
900 0.183
1000 0,150
1100 0.217

Ceramic Ball Strength

Sufficient 305 pile tests have been completed to permit deter-
mining the concentrations of samarium and gadolinium required
in a ceramic ball to provide the same control strength as the
poronsteel - cerbon steel mixture presently used at the K reactors.

.532 gms/cc of ball, gadolinium oxide
445 gms/cc of ball, samarium oxide

Zircaloy Tubes

As reported last month, Bridgeport Brass Co. has completed the
initial fifty smooth-bore C reactor Zircaloy-2 process tubes.
Harvey Aluminum Co. has packaged for shipment 32 additional
tubes, With the receipt of the Harvey tubes, a total of 95
smooth~bore C reactor tubes will have been recelved.

BEorthquake Studies

Authorization has been received to continue the earthqueke
vulnerability studies with Lockheed Ailrcraft Corporation and the
Holmes and Narver Company to a total level of $92,600, and the
completion date has been extended to June 15, 1960.

Graphite

The first 18 dih purity sample bars from tcp and boctom reflector
graphite vere received from National Carbon Co. in April. The
dih purity values ranged from +0.46 to +0.53, which compares with
a minimum requirement of +0,25. Bulk density of the sample bars

averaged 1.68 as compared to a specification requirement of 1.7l
*.03.

The first six dih purity sample bars from top and bottom reflector
grapnite were recelved from Great Lekes in mid-April. The dih
purity values ranged from +0.38 to +0.46,
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" Reactor Effluent Treatment

Design of a small scale test facility at 100-K Area in which the
development study of effluent water treatment will be carried out
vas begun. The tank will be about 3 X 6 X 20 feet with facilities
for sampling the bed medium and weter at intervals along its
length. Water from the 107-KW tank will be passed through the
tank and dumped back into the KW effluent line.

Pile Physics Assistance

Startup efficlency at the K reactors continued to show a 50-70
percent improvement through use of splines. Both C and H reactors
realiz=d a 50-60 percent decrease in losses per startup, C reactor
with initial spline application and H reactor with more aggressive
procedures utilizing the PCCF system.

The new germinol graphite thermocouple stringers presently in-
stalled in B and F reactor, permit continuous observation of the
front-to-rear flux distribution in good detail.

Eguipment Development

The machine for charging self-supported fuel elements was delivered
to 105-C reactor. Modifications to the machine mounting on the
elevator are in progress to facilitate a quick exchange between
this and the standard machine.

The analog-to-digital converter, with snlid state clrecuitry, wvas
installed in 105-B Area and is operating satisfactorily except
for one minor exception which the vendor is correcting.

Two out of five in-core chambers ordered from Anton Electronics
have been received.

e ettt s -
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RERIROQIEIED

Experiments were run to investigate the conditions required to
sweep out steam from a BDF process tube when boiling was initiated
after temporary flow interruption during shutdown conditions. It
was found that, depending on tube power, single phase flow could
be recovered upon removal of the flow blockage. However, if the
tube was boiled dry, flow could not be resumed without an increase
in front header pressure.

2000 PROCRAM

A mathematical equation was derived to express the outlet water
temperature limits for Hanford reactors as based on thermal hydraulic
considerations. The equation is based on a considerable amount of
experimental data, and it is expected to save time in determining
limits as compared to the graphical method now in use.

The final formal report (HW-64774) on the shielding properties of
ferrophosphorous concrete as a function of temperature has been
vritten. The total dose rate (due to both neutrons and gamma)
through four feet of this material in the as-cured condition wvas
found to be due primarily to gamma leakapge. After prolonged heating
at 300°C, the principal contribution came from resonance neutrons,
due to loss of water.

An interim report entitled "Effect of High Temperature on Masonite",
(HW-64868) has been written. There was no appreciable damage to the
mason%te below 160°C. The kindling point in air was found to be 245
- 265°C.

Metallurgy Program

Sample Exchange With Harvey Aluminum

A cooperative test program to help resolve differences in the results
of corrosion tests of Zircaloy-2 has been initiated with Horvey
Aluminum. A series of 112 samples have been prepared consisting of
h0 samples of sheet stock Zirealoy-2 and 72 samples cnt from O i'FR
tub2s recently received from Harvey Aluminum. The samples hasn hesn
divided into four parts and will be handled as follows:
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Etched and autoclaved at Hanford

Etched and autoclaved at Harvey Aluminum

Etched at Hanford; autoclaved at Harvey

Etched at Harvey Aluminum; autoclaved at Hanford

Part A

oaw
1

Weight gain data and visual appearance of these samples are expected
to establish where Hanford and Harvey Aluminum testing methods differ.

Structural Materials Development

PR Process Tubes

The Hanford position on interpretation of the corrosion test speci-
fications for NPR procegs tubes has been clarified in a letter to
vendors. Some confusion and difference of opinion has been apparent
in sample preparation, particularly with respect to the smount of
metal to be removed from the surface., The thin layer of Airturhed
mrtal at the surface normally does not react favorably in n anvraglon
t~st. For this reason about 0.002 inch of metal is normally removed
From the tube surface before it is placed in service, and corrosion
test samples from the tubes aresimilarly treated.

Zircaloy Retubing Program

Good progress is being made in the fabrication of the 200 Zircaloy-2
smooth bore tubes for C reactor scheduled for delivery by June 15.
Proposals have been received from three vendors for the trial of a new
fabrication process for producing these tubes on subsequent larme
orders, Development cost will be borne by the vendors.

Seventeen Zircaloy-2 BDF internally ribbed tubes meeting all spceced -
fications have been fabricated under a development contract. Due
to a change in plans and designs, all further development and pro-
duction on ribbed replacement tubes has been terminated.

KER Loop llo. 1 Tube

The KER Loop No. 1 Zircaloy-2 process tube was discharged during the
mor.he  This tube contains four defect areas (two plts, and two small
protrusions) and two areas of scratches. Examination of these defrcts
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in Radiometallurgy will be stte§gﬂaEpy May. Five samples of

the tube from the front and resr edge of the moderator, and the
1/4, 1/2, and 3/4 poeitions in the moderator will be subjected to
flattening tensile and burst tests, and metallographic examination
for grain structure and hydride needles.

Radiometallurgical Examinations

1.47% Enriched I&E Fuel Elements (RM-4Ok)

The self-supported elements that were irradiated under PIP-IP-274-A
for approximately 500 MWD/T vere received for examination. The
entire outside surface of both pleces was covered at the time of
discharge with a heavy black scale that is usually found associated
with hot-spot type corrosion.

The black scale had been largely removed by a chemical treatment
after discharge, leaving a rough, orange-peel surface on the alim-
inum can wall. There was no evidence of any accelerated attack on
the aluminum such as was found on the two non-supported elements
examined previously.

The bond layer on both the outside can wall and the inner spire have
been found to be cracked and separated in many places. Micro cracks
in the uranium emanating radially from the inner bore were found.

Severely Corroded Process Tube from 105-DR (RM-4O1)

A sample from a 25 aluminum process tube vhich falled in channel

1265-B, seven months after it had replaced an original tube, was ~x-
amined. The tube had been attacked on the upper side of the dovmetream
end of the slug charge. Visual examination disclosed pgrave pitting
attack vhich had penetrated the tube wall in two locations in the
four-inch long sample. The attack included about two inches of the cir-
cumference of the tube., No heat effects were noted and the metal quality
vag consistent with commercial grade 25 aluminum.

HATERIALS DEVELOPMENT

Van Stone Inserts

Tests have established a satisfactory design nnd material for the Van
Stone insert. The detailed drawings and specifications have been com-
Pleted and forwarded to Plant and Industrial Fngineering for a full-
pile application.
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Decontamination

The 105-C reactor was decontaminated April 20, 1960, in an 18-hour
period prior to the start of planned maintenance work (removal of
OCD ball valves and replacement of thermocouple loadings. This.

was C's first decontamination. A decontamination factor of 3.2

wvas obftained, effectively doubling the utilization of the craftsmen.
(Turco 4306-B was the flush, 5 gpm/tube at 60°C),

VSR Gas Seals

An effort to improve the service life of the K reactors verticnl
safety rod pas seals has been completed successfully. Improved
materials and methods of holding the seals in place have yielled
fourteen months of service, with good indication that they will
provide adequate seal for another year. Previous seals became
badly worn in a month or two.

Operational Leak Detection Via Condensation Muclei Methods

A reactor as system mock-up is currently being constructed to evalu-

ate the operation characteristics. Estimated completion date June
l.

Slug Position and Tube Marking System

A means is desired by vhich the irradiation and canning history can
be quickly determined for any discharged slug picked up in the storage
basin., Document HW-60L68 covered the economics of the various pro-
posals, the method adopted includes serial marking and dating of the
pieces in the 300 Area Canning Operation, a photographic record of

the charges as they go on the elevator, and IBM cards for a complete
record of each pilece.

izchanical Development

forly development work for the expansion prorrom wras direct~d Lowvard
cevolving a new concept for front-to-rear crossheader procesas tiha
fitting assemblies and related hardwvare . Currently G is constdering
fastening the rear tube assembly solidly to the reactor and takirg
the small amount of zirconium tube expansion with the front assembly.

.

—————
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The prototype charging machine for charging self-supported fuel
elements into smooth bore zirconlum process tubes at C resctor
was delivered to the reactor.

A development design was 60% complete for a charg’ng machine to
charge bumper fuel elements into ribbed process tubes in support

of a production test for this fuel element design. The difference
between this charging machine design and the one for self-supported

fuel is the requirement for orilenting the bumper slug to bridge
the tube ribs.

Heaguremenuts of the fission cross section in the lowest energy
resonances of U-236 and U-238 gave values significantly lower

than predicted by nuclear theory. The value for U-236 was lou by
n factor of 100,

Freliminary values of kyq and f for two plutonium fueled graphite
lattices were obtained from PCTR data. The plutonium was a 1.7
w/o a'loy with aluminum,

PCTR measurements requested for the EGCR were completed on schedule,
The last experiment done was a measurement of koq &nd f for uranium
oxide rods enriched to 2.6 percent U-235. Analysis of the data ob-
tained has not been completed.

2000 Program - Production of Fissionable Material

Reactor Materials

Hot Test Hole Irradiations

Two CSF graphite "Mo-nuts" have bezn irradiated in the 2C test-hole

at KT to determlne the contraction characteristics of graphite under
stress. A graphite plug was inserted into the hole of one "do-nut"

with the preferred orientation of the plug rotated 90° from that in

the surrounding do-nut. The transverse thermal expansion is_about

twice the expansion parallel to the grain at the irradiation temperature,
producing a compressive force on the plug in the transverse direction
during irradiation. A do-nut without a plug inserted was also irradiated
for comparison. After 16T7W MWD/AT the unstressed do-nut had contracted
.02% in the parallel direction, with no change measured in the transverse
direction. The contractions measured on the gtressed do-nut were .03%
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in both the transverse and parallel directions. The contractions
measured for the plug were —~ .05% in both “he transverse and
parallel directions. Because of the combiined effects of thermal
expansion, irradiation contraction, and probably initial irradiation
expansion; the stresses are difficult to analyze; however, it is ap-
parent that the contraction rates were altered by the stress-inducing
do-nut arrangement.

LOOO FROGRAM - REACTOR DEVELORMENT (GAS COOLED RTACTOR POWER PROGRAM)

Graphite Studies

Graphite Burning Experiments

Graphite burning experiments are being conducted to ald in evaluation
of potential hazards to the EGCR. In the preliminary wvork 1/2 inch
diameter graphite samples in a one inch I.D. quartz tube are being
utilized. The graphite is not heated except by the gas and the com-
bustion.

Graphite was found to ignite at 750°C in an oxygen stream of 2.0

cfh, burning with a blue flame. Oxygen flow and temperature were
varied to determine the effect on the combustion. Combustion continued
unless the oxygen flow dropped to 0.2 efh. The reaction was very

flow sensitive and insensltive *o oxygen temperatwe variation.

Maximum Graphite Temperatin

o Temperature (OC) ‘ TFlow cfh | At Center of Sample(
500 2.0 990
700 5.0 1300
700 2.0 990
T00 0.5 825
750 2.0 990
800 2.0 990

EGCR Lattice Prototype |

I
The full-scale prototype EGCR lattice unit in which the final burning
experiments are to be conducted is nearing comp%wtion. Instrumentation

has been installed, and essentially all equipment including the needle-
coke graphite is on site.

|
i

!
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EGCR Graphite Irradiation

. Construction of the EGCR graphite irradiation capsule has started.
Mock-up tests for the assembly configuration, and calculation of
predicted sample temperatures have been completed. These temper-
atures are estimated to vary between 300C and 700 C along the
length of the capsule. The temperatures were confirmed within 10
percent by the mock-up tests.

Based on the mock-up test, a configuration similar to the GRETR

H-1 capsule will be used. TFour quarter-cylinder samples, 1 inch
in diameter and 3-7/8 inch long, fit into graphite sample holders
vhich are screwed tightly into molybdenum centering discs attached
to the aluminum cooling rings. The cooling rings are swaged into
the aluminum can. A cooling tab has been added to the center of
the support rods to prevent the rods from melting. Flux monitors
of nickel, iron, and ocobalt-aluminum are located in holes in the

cooling rings. The capsule has been sealed and is being prepared
for shipment.,

It is estimated that the actual costs of $83S 000 for loop construction
in FY-1960 will underrun by approximately $§O 000 to $100,000 because
of a delay in delivering the Bristol Sidely primary loop blowers and
FRTR construction completion date slippage of two months. A firm
shipping date of the blowers depends upon blower tests in Conventry,
England. The completion of the loop in FY-1960 at a cost of $335,000

can still be done. Every possible method of costing this money in
FY-1960 will be used.
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Rpt. No. 3
OR:GTO :HAH
PRODUCTION

The reactor monthly production forecast was exceeded by 3.0 percent
at the six old reactors and 10.3 Percent at the K's for a combined
average increase of 5.9 percent.

Overall-time-operated efficiency was 80.9 percent (81 percent fore-

cast); 79.9 percent at the six old reactors and 83.8 pereent at
the K's.

Power Levels

The individual reactor record pover level was increased 50 mega-
vatts at DR (1780 to 1830).

Ruptures

Fourteen ruptures, eleven I&E regular, two I&E 94 metal and one
solid regular, were removed from the reactors. Three of the I&R
recular metal ruptures were at KW, two at D, twvo at F and one
each at B, C, DR and Il. The two T2E 9k metal Failures were at ©
an‘l DR and the solid regular at K&,

iractor Outages

Rnctor outages for the month of March are as follows:

NT CONsISTS oF/ Zpages



B Reactor

Date Date Outage
Down Up Hours
/3 3/6 Th,2
3/13 3/ 37.7
3/22  3/23 36.0
C Reactor

2/29  3/2 49,7
3/2 3/2 0.5
3/2 3/2 4.0
3/b 3/5 30.5
311 3/19 3.5
3/19  3/19 2.5
3/29  3/31 33.5
D Reactor

3/3  3/s 3k.3
3/21  3/25 85,5
3/25  3/27  35.4

-2 -

DECLASS e

Leak testing. )

Removal of a stuck I&E regular metal
rupture in tube 218L. Charge-discharge.

Panellit trip when rear pigtail broke

off of tube 3667. Charge-discharge and
miscellaneous maintenance.

Removal of an I&E regular metal rupture in
tube 3087, and charge-discharge.

Panellit trip due to an oscillating gage.
Poison discharge.

A heat imbalconce caused by VSR #35 dropping.
Charge-discharge.

Removal of an I&E 94 metal rupture from
tube 0566. Charge-discharge and maintenance.

Repair of two faulty thermocouples.

Removal of a stuck I&E regular metal rupture
from tube 2567. Charge-discharge.

Removal of a suspected I&F regular matal
(mixer) rupture in tube L4187 and charge-
discharge. The rupture was not confirmed,

Removal of an I&E regular metal rupture in
tube 3563. Charge-discharge and maintenance.

Removal of an I&E regular metal rupture in
tube 1463, and maintenance.

DECLASSIFED



DR Reactor

Date Date Outage
Down Up Hours
3/9  3/11 3B.5
3/22  3/23 4.1
3/25  3/26 32.0
F Reactor
3/1 3/3 48.3
3/3 3/3 3.7
3/9  3/11 52.1
3/28 stinl

Down
H Reactor
3/2 3/5 67.1
3/11  3/12 34,1
3/12 3/13 2.1
3/15  3/17 41.6
3/31 3/: 0.5
3/31  stinl

Down

Remarks

Leak testing.

Removal of an I&E regular metal rupture in
tube 3877. Charge-discharge,

Removal of an I&E Sh-metal rupture from
tube 0859,

Removal of an I&E regular metal rupture in
tube 2369 and charge-discharge.

Panellit trip due to a tubular dummy in the
nozzle at the rear pigtail,

Leak testing and charge-discharge,

Removal of an I&E regular metal rupture in
tube 3873 and charge-discharge.

Leak testing and charge-discharge.

Power failure caused by the failure of i'~, ?
process pump at F, Charge-discharge and
maintenance.

Panellit trip due to a lloke valve being
partially closed.

Leak testing and charge-discharge.
High pressure Panellit trip on tube 146).

Removal of an I&E regular metal rupture in
tube 1L6L.



KE Reactor
Date Daté Outage
Down Up Hours
'3/10  3/12  49.0
3/19  3/21 30.0
3/23 3/24 30.9
KW Reactor
3/11  3/13 66.2
3/13  3/1k 21.2
3/15  3/1% 6.0
3/11 3/18  38.0

Remarks

Panellit trip due to the failure of a pump
servicing single pass tubes 4557 and LB863.
Charge-discharge.

Power loss trip. Charge-discharge.

Removal of a solid regular metal rupture
in tube 20LL. Charge-discharge.

Removal of an I&E regular metal rupture in
tube 2060 and charge-discharge.

Removal of an I&E regular metal rupture in
tube 2562,

Polson discharge.

Removal of an I&E regular metal rupture in
tube 3557 and charge-discharge. .

=



Limits

Except at DR reactor, the primary limit to all reactor power levelg
at the end of the report period was based on fuel element failure
control at the goal exposure currently in effect. DR reactor power
level was restricted by bulk outlet temperature limitations.

EQUIPMENT EXPERIMENT

Tube Replacement

fifty-five process tubes vere replaced, 35 at F, 1l at D, three
at KW and two each at B, DR and H.

Water Leaks
Ten water leaks were corrected (5 tube leaks and 5 Van Stone leaks).
Two tube leaks were at H and one each at B, DR and F. Four Van

Stone lesks vere et F and one at B,

4500 H.P. Primary Pump Drive Motor Failures - 100-F

Three 4500 H.P. motors at 100-F area failed during the month he-

cause of insulation breakdown. The reason ‘or the insulation break-
down is not definitely known, but these failures were similar in
nature to three previous failures that have occurred on (G-54A3 motors,
The problem has been under study for some time, and 2 recommended
rolntion to the General problem is expected to be received 1oy the
tienernl Rlectric Company's Apparatus Department within a fouw el

tme of the above mentioned failures caused relar action on the 220
kv system between the 100-F and 100-H areas, resulting in the opening
of a circuit breaker in the 100-H substation with interruption of

B.P.A. service to that area. All emergency power equipment in 100-H
area responded in a satisfattory manner.

Block Discharpge at DR

The uniform low exposure of the central core loading following the
block discharge at DR reactor resulted in a new high BCT of 10600 and

the achievement of a new power level record; the previous twelve-month
average LCT was 1520.



Reactor Fuels

Projection Fuel Testing

Irradiation of self-supported elements in B and C reactors con-
tinued without incident.

Twenty tubes of bumper elements prepared for charging under IT-
IP-262-A-FP, "Rvaluation of Projection Fuel Wlements for Use in
Ribbed FProcess Tubes," were rejected as a result of support
attachment weld penetrations. These penetrations became npparent
during examination after autoclaving, and upon metallographic examin-
ation this condition was found to be general.

Dingot Uranium Testing

Irradiation of fuel under PI'-IP-280-A-FP, "Irradiation of Alloyed
Dingot Uranium Fuel Elements," continued during March. Four of

the 12 control columns were discharged at a goal exposure of 100
MWD/T for special measurement and to check for early stability
effects. Results of these measurements will form a basis for the

Joal exposure of the remalnder of the 30 tons still under irradiation.
The only measurement performed to date on this metal is for warp, and
these results indicate no significant difference between ingot and
dingot.,

A rupture was sustained ih one of the lots of alloyed dlngots charged
under PT-IP-280-A. Examination of the failure, classed as a "side
other" did not indicate a failure mechanism related to the dingot core.

Alternate Component Vendor Evaluation

Fuel elements fabricated using aluminum components provided by Hunter-
Douglas Division of Bridgeport Brass Company were charpged nnder
authorization of PI-IP-171-A-FP, "Evaluation of Aluminum Caps and

Cans From New Vendor." Successful irradiation of this material will
include Hunter-Douglas in the list of "qualified" component vendors
currently limited to ALCOA and Harvey Aluminum Company.

Advanced Reactor Tuel

IBM Design Analysis

A revised and rewritten IBM program for calculating flux skewing
and step by step analyses of fuel operating conditions in the Trocess
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tube has been completed. Results for a 22 1b./ft. HFR fuel
element show that, in the absence of corrective action taken by
the appropriate use of horizontal control rods, the fuel power
density tends to peak upstream from center approximately 4 to 5
feet at a level insignificantly higher than for the usual
symmetrical cosine distribution.

 —_—
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Reactoi Physics

Reactor Dynamics

Preliminary results of a dynamic analysis of the NPFR indicote

that the present design possesses satisfactory dynamic stability.
The estimated amplitudes of power over-shoots associated with small
‘sudden rod movement are within satisfattory limits.

Reactor Englneering

Flow Protection

Analyses of the possibility of boiling burncut in K reactor process
tubes for various transient conditions were completed. The con-
clusions reached were that no burnout will result from BR.P.A. power
loss or from loss of a single low- or high-1ift pump. The annlyses
also showed that significant power surges could be tolerated on

either 5-or 6-pump operation without encountering film boiling in
the process tubes.

Corrosion

Data on the effects of up to 0.20 ppm turbidity on fuel jacket
corrosion rates obtained from PI-IP-233-I have been analyzed. The

data show that turbidity levels up to 0.2 ppm do not effect cor-
rosion rates.

Two charges of fuel elements which had been coated with a water
soluble silicate coating were irradiated in C reactor for 10 days
under the terms of PT-IP-308-F. The coating caused no detectable
11l effects and did reduce the degree of rib galling. The main

part of the test will now be changed to determine long-term cor-
rosion effects.
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FISSIONABLE MATERIALS - 2000

Thermal Hydraulic Studies

K Reactor Cross-Tie Limit

The K reactors are provided with a complex coolant cross-tie system
through which a reactor that has lost its coolant supply may be
provided coolant from the other reactor. A problem of concern is
the case where a BPA ocutage to both reactors is followed by the
failure of the emergency electrical system of one of the reactors.
In this case the emergency coolant from one reactor is small and
the coolant supplied to the other reactor may be insufficient to
rrevent fuel element and process tube melting even though the re-
actor is scrammed almost immediately after the outage. It is
desired to provide a reactor power level limit to provide adequate
cooling for the above condition.

For a postulated case of any emergency shutdown of a K reactor, the
following may be said:

1. If flow and heat generation rates are such that bulk steam
generation occurs for any length of time after the reactor is
shut down it & likely that excessive fuel element temperaturrs
will result. One of the main factors contributing to axcesalve
temperatures with bulk steam generation is the 1iknlihond thel
most of the cooling water will pass through the lowrr Luhag oo
leave the upper tubes deprived of coolant. Calcululion of the
certalnty and the extent, if any damage, are very complicabed
and the results are subject to considerable error.

2. The analysis of shutdowm cooling conditions can be performed
with oonsiderable confidence if flow and heat generation rates
cre such that no bulk steam generation occurs after the reactor
is shut down. For such cases, initial operating levels for the
reactor can be accurately established to provide any degree of
protection desired.

Shielding Studies

lleutron Attenuation Measurements

The following table summarizes the measured removal cross-sections
obtained recently in the Shield Facility:

DECLASSIFIED
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Measured Fast Neutron Attenuation (cm'%)

Bake Temp. Ferrophosphorus Ordinary_ = Iron-Serpentine Iron—Serpentgne

oC 300 1b./ft3 150 1b/ft3 265 1b./rt3 210 1b./f%
As Cured 0.131 0.0780 0.12k4 0.110
100 0.121 0.0735 0.113
200 0,117 0.0724
300 - 0.702
320 0.114

The Argonne Laboratories neutron recoil counter is expected to be
used to evaluate several different resonance energy neutron fluxes
at Hanford.

Gamma response calibratlons up to B0,000 R/hr. on nine aluminum
shell ion chambers for use in the shlelding progrem have been com-
pleted.

Design and Component Testing

NPR Charging Machine

Development of a quick disconnect magazine end cap has been start-
ed.

Metallurgy Program

Corroslon Studiles

Hydriding of Zircaloy-2

Significant concentrations of hydrogen will be formed in the NPR
stack gas 1f water leaks into the stack and contacts the hot graphite,
and even the normal steady-state concentration of hydrogen in the
stack gas may be on the order of 0.1 percent. Consequently, the
rate of hydriding of Zircaloy-2 by molecular hydrogen 1ls being studied.
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Copper Removal From Extruded Zircaloy Surfaces

A test was run to determine whother "irealoy would pick up
hydrogen during removal.of the copper coating with nitric acid.
None of the tested samples exhibited any signs of hydriding.

Etching Process for NFR Tubes

A continuous etching process is being developed for possible
application to NFR process tubes.

Reactor Program

Coolant System Development

NFR Decontamination Studies

A section of carbon steel piping from KER Loop 1 was decontemin-
ated with 10% Turco 4512 (inhibited phosphoric acid) ueing a
single-pass technique. After 19 minutes, the activity was re-
duced essentially to zero.

For decontamination of the NFR primary loop system after a rupture,
it appears that the last procedure is one using three steps:

a. FPeroxide - carbonate - blcarbonate.
b. Alknline permanganate
c. Some inhibiged acid.

Structural Materials Development

Burst Tests on KER Tubing

Three unirradiated samples, with about 70% cold work, were burst
tested at 300°C. The primary purpose of these tests wns to rvalu-
ate at elevated temperature, the mechanical end-closures designed
for room temperature testing of irradfated tubing. The burst datn
are listed below. These tube samples are nearly equivalent in size
and fabrication histroy to the Zr-2 tube now in KER loop.

Test No. Temperature °C purvcing Fressure, psi % Elongation
1 300° 8300 6.6

2 275 8350 5.8

3 300 3350 5.8
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NFR Process Tubes

Pilot quantities of NFR pressure tubes have been inspected by
Zyglo fluorescent penetrant dye and ultrasonics with test results
as follows:

No. of Tubes No. of Tubes With

Test Tested Indications
Ultrasonic (0.003" Scratch Standard) 19 11
Ultrasonic (.005" Scratch Standerd) 17 1
Fluorescent Penetrant (Outside) 18 13
Fluorescent Penetrant (Inside) 18 9
Weld Radiography 12 5

Further testing showed that surface conditioning to about 0,002"
of metal would eliminate most defects and 0.005" would eliminate
all surface-defect indications.

Retubing Program

A total of 63 smooth Zr-2 tubes for C reactor have been deliverad,
Of these tubes yet to be delivered, 36 are awaiting finol inapec-
tion and two are in the final processing steps. Tuvo 21ditional
100-tube orders have been placed for June 15 delivery.

PHYSICS - 2000

Exponential pille experiments continued on a reod-and-tub~ fnl
element and a tube-in-tube element. The tube-in~tube elamant
was measured in an 8-3/8" lattice in a 6 x 8 foot pila., The

same lattice had been measured previously in a 6 x U4 font pile.
The 6 x 8 foot pile gave an extrapolation length of about one
inch as compared to a 1.7 inch value obtained in the 4 toot pile.
The preliminary buckling value appears to be about ten micro-
bucks less than measured in the 4 foot pile.

A preliminary value of koo = 0.985 has been obtained via the FCIR
for the lattice discussed above (8-3/8" lattice spacing, 2.5" x
2,0", 1.66" x 1.1" tube-in-tube elemenb)
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Analyses have been completed on PCTR experiments designed to
develop a technique for measuring k__ for lattices where koo

is less than unity. Three techniqugg vere tried. They resulted
in koo values for a partiaitlar lattice of 0.949, 0.9h1, and 0.939
with an uncertainty of + 0,002, The reasons for the sprend be-
tween the top and bottom values are not understood.

Instrumentation for the Critical Mass Laboratory was finally
shipped by the vendor on March 30.

A paper by D. G. Foster, "Age of Na-BE Neutrons in Water and
Kerosene'" has been rewritten at the suggestion of a reviewer

for Nuclear Science and Engineering. The results were re-analyzed
using a better theoretical model for the asymptotic flux. Final
experimental velues are in excellent agreement with theory.

Subthreshold fission measurements have been completed on the 5.2
ev resonance in U-234k. The peak flsslon crogs section value is
49 + 9 barns. The fission width is (2.0 :f;é) x 1077 ev.

The mass spectrometer used in the Iotopic Analysis R and D Program
operated at about 90 percent efficiency during the month.

2000 Program - Production of Flssionable Material

Fast Flux Moniltoring

The results of Ni activation in 1573 DR indicated that the inte-
grated fast neutron flux per MWD/AT in an annulus tube facility is
approximately one-half that in a cold test hole. No accurate ab-
solute value can be reported since the fast flux spectrum in the
annulus tube 1g not known. gn estimate vhich 1s probably good to
within 50 percent is 2 x 1&) nvt (1 Mev)/( rnm/mz) Net thermal
flux velues were 1.34 x 1007 + 0.2 nvt/ MWD/AT) using Co acti-
vation, and the Cobalt cadmium ratio was 13.0 + 0.5, where the
limits of error are the experimental deviations from the mean value.
These fast flux measurements show that the temperature coefficlent
of the rate of radiation domage in graphite below 300°C is actunlly
less then reported in HW-U47776 and other Hanford documents present-
ing the work of annulus tube irradiations.
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Flux Computations

Fagt neutron flux calculations for C, K and N reactors have been
completed using a multi-group, one dimensional, diffusion type
code. The results may be summarized as follows:

1. The ratio of the integrated fast flux/(MWD/AT) at K to that
at C is 1.3.

2. The ratio of the integrated fast flux/(MWD/AT) in the NFR
to that in K 18 2.2.

3. The theoretically derivcd, absolute value for the integrated
fasg neutron flux/(MWD/AT) at the Y test hole in C 1s 4.6 x
nvt ( 1 Mev).

A document, Hw-6h393, is in preparation vhich will include the re-
sults of these calculations in greater detail.

Conversion Factor for Y Test Hole, C Reactonr

8ince most of Hanford hot best hole data have been obtalned at the
Y test hole in C reactor, the knowledge of the fast flux in that
facility 1s necessary to intercompare rates of damage in off-=site
irradiations wish the old Hanford results. ghe final, bast esti-
mate for that conversion factor is 5.0 x 10% 1L MRV)/(MWD/AT).
This result was obtained usirg the shape of the fast flux spectrum
from the computations clted above and a theoretically derived
eneray dggendence of the activation cross section for the N‘58
n,p) reaction.

Graphite Burnout Monitoring

Samples discherged on January 25, 1960, from the center of channel
1960-C were hightly pitted and showed a burnout rate of 35 percent
per 1000 operating days. Emission spectroscopy annlysis of scrap-
pings of the pltted areas indicated the presence of trace to moder-
ate amounts of iron, vanadium, and silicon, while gamma spectro-
scopy showed the presence of iron. The high concentration of im-
purities in the pitted areas was confirmed by auto-radiographs,

The catalytlc eflect of impurities was demonstrated in the 1ohey.
atory, where the burnout rate of treated samples (sonknd ~veami ohi
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001 M solution of ferric chloride and vanadium sulfate) wa
three times greater than that of oontrol samples (3.8 x 10~
gn/gm hr. at 600 C in dry air). The treated sample showed
development of pitted areas, while the control sample was
oxidized evenly.

Samples from 3066-KE were discharged on March 20, 1960 after
thirteen months exposure.

4000 Program - Reactor Development (Gas-Cooled Reactor Power
Program

Cas Loop Project (CAH-822)

Fabrication of the in-reactor section is 20 percent complete.,
About 55 percent of the required material has heen received.

Craphite Studies

WICR Graphite Irradiation

D~signs for three possible RGCR graphite sample confipgurations

have been completed which incorporate four quarter-cylinder,

l-inch long samples held together as a unit. Mockup tests of

these designs have been initiated to aid in confirming hcat transfer
calculations made for the three configurations.

Radiation Damage Anncaling

Very recent work shows that the contraction of graphite which

occurs during high temperature irradiation can be altered by
annealing at higher temperatures. The dimensional changes during
annealing seem to be associated with a removal of interstitinls

from between the lattice planes with a resulting further contraction
in the CO lattice direction but a growth (recovery) in the As
direction.

Thermal Oxidation

Samples of British nuclear grade graphite have been oxidized in
flowing COp. At T750°C, the specimens lost weight at a rate twice
that of CSF graphite. It vas noted that the material was coarse in
structure, evidently with large coke particles.
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Metallograph Studies

Typical samples of each available raw coke have been polished
after impregnating with epoxy resin. Pilctures at 50 x and 250x
are being made on the metallograph with bright field, polarized
light and sensitive tint plates to reveal characteristic details.
Samples of CSF, TSGBF and GL-10 (needle coke) graphite have been
prepared with polished surfaces parallel and transverse to the
whole bar extrusion axis. No outstanding characteristics have
been found which might distinguish between areas related to coke
particles and areas of graphitized binder. Samples of calcined

coke have been prepared for comparison with the raw cokes and
graphites,
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FRODUCTION

Practor input podnction was 0.7 percent sbove foracast; .3 Fer-
cent below at cie six old reactors and 8.2 percent above at the
Il reactors.

Overall-time-operated efficiency was 76.5 percent (82 percent fore-
cast); 75.3 percent at the six old reactors and 80.h percont at

the K reactors. Tnfficiency was lowv due larpgely to the lurgs number
of ruptures and small increases in outage time for water lepk cor-
rection and production tests.

The combinef reactor instantaneous power levnl was not increased.
Record power levels at the individual reactors were increnged af D
reactor (1685 to 1730MW), D (1710 to 1765), MR (1710 to 177°0), T
(1815 to 1825), 1 (1825 to 1890), KE (3730 Lo 3800), and LM (3810

to 3840).

Ruptures

Tventy-one rupturss, seventeen I®T regnlar, three solid ropular, and
one I&E I, were removed from the reactors. Wive of the IGE regular
metal ruptures were at C, 5 at H, 3 at KW, 2 at By, one at KE and one
at F. Tvo of the solid regular metal ruptwes were at KR and one at
I. The I&F L rupture was at KE. A failed ~luster fuel element was
removed from No. 1 KER Loop on February 7.

el

bR



Reactor Outages

B _REACTOR
Date Date Outage
Dowm  Up Hours
1/31  2/2 38.8
2/2 2/2 3.1
2/9  2/11  ho.1
2/11  2/11  21.6
2/26  2/29  73.9
C_RRACTOR
2/b  2/5 39.9
2/6  2/7 29.2
2T  2/7 .0
2/10 2/12  63.5
2/13  2/13 3.1
P/ 2/15 20.5
L 2/1s 9
2/20  still

Dovm
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Remarks

Removal of aﬁ I&E regular metal rupture from tube
1575 and miscellaneous maintenance.

Investigated the high water exit on tube 156,
Panellit trip and charge-discharge.

Removal of an I&E regular metal rupture frem
tube 3880.

Removal of a stuck ISE repular motal rupture
from tube 3284 and charge-discharpe.

Removal of a stuck I&E reomular metal rupture
from tube 2875. Seven zirconium tubes vere
installed.

Removalof a stuck I&R repular metal rupturc
from tube 2276.

Poison discharge.

Removal of a stuck ICH rrmulor metal rupture
from tube 1478 and charpe-discharge.

Poison discharpge.

Romoval of a stuck IMF rormilar metal e
from tube O705. Retubed Lhree channe l:.

Panellit trip.

Removal of an I&E ropulor metal rupbue
from tube 3007. Charge-discharge is in progrrss.
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1/31 2/2 hs,2 Temperature control due to a foulty ball
valve on a PCCI" tube. Migcellaneous main-
tenance work performed.

2/21 2/2h 65.9  Scheduled charge-discharge, tube replacement
and trip-out tests.,

DR REACTOR

2/l 2/1 Ji Panellit trip due to a faulty light soclet
in the PCCI' control system.,

2/1  2/3 45.4  PCCF charging machine Hung up vhile attempting
to discharge ball valve tube 2173. Completed
leak testing.

2/3 2/3 1.4  High pressure Panellit trip.

2/ 2/h .7 Unexplained trip on No. 1 safety circuit.

2/11  2/13 37.3 Charge-discharge following the corresction of a
loose Venturi assembly.

2/13 2/13 3 Panellit trip, probably due to solid aluminum
charge seating in the tube.

2/18 2/23 127.6 Loose Venturi on tube 3MG7. Charge-discharge
and leak testing.

2/ah  2/24 1.5 Continuation of trip-out testing.

I" REACTOR
2/1 2/6 134.0 Scheduled charge-discharge and maintenance.
2/6 2/7 29.2 Manual trip duc to insnfficient control rods.

2/25  2/29 80.7 Removal of a stuch I&F repular metal rurture
from tube 1985. Charge-discharge.

° -
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H REACTOR

2/8 2/10  36.4  Removal of a golid regular metal rupture
. from tube 0755 and an I&E regular metal rupture
from tube O7T0. Charge-discharge.

2/10 2/10 1.0 Investigation of by-pass indications in the
safety circuit.

2/11  2/11 .2  Unexplained Panellit trip.

2/11 2/12  33.0  Removal of an I'E regular metal rupbmn
from tube 36G1.

2/13 2/13 3.8 Removal of a stuck I&T regular metal rupture
from tube 088L4.

2/13  2/13 .3 Panellit trip due to a rear pigtall fallure.

2/16 2/17 32.6 Removal of an I&E regular metal rupture from
tube 2978, Charge-discharge. (Turther in-
spection of the metal discharged from tube
0770 (due to a suspected rupture) on 2/P/60
confirrnd the presence of an I&E repular metal
rupture.

/11 2/17 1.6 Low pressure Pancllit trip due to a rear cap
leak on tube 2370.

2/17 2/17 2.8 Low pressure Panellit trip due to a rear cap
leak on tube 2675,

2/22  2/2l 3h.3 Removal of a stuck T"T reorular metal »nptups
from tube 2073. Chnrrge-discharpn.

I REACTOR

1/31 2/2 35.3 Tripped due to a fanlty dump valve on VER Loep
2, and miscellancous maintenance.
2/7 2/9 32.7 Tripped due to a suspected cluster fuerl ele-

ment failure in Loop 1. Charge-discharge.



KE REACTOR (cont.)

2/21

2/22

2/23

2/25

2/e2
2/e3
2/2a5

2/25

2/25
2/26

1T REACTOR

2/5
2/23
2/26

2/27

2/6
2/25
2/26

2/27

33.1

7.1

37.9
10.9

o7

3.5

60.2

22.6

b7

Removal'of a solid regular metal rupture
from tube 5556. Charge-discharge.

Removal of a solid regular metal rupture from
tube 46L5,

Water leak testing.

Indicotions of a water leak on the near side.
Tube 4651 was found to be leaking and vas
replaced.

Unexplained Panellit trip.

Removal of an I&E B-metal rupture from Lul~
1151,

f
RemovaYof an I&E regular metal rupture from
tube 3890 and charge~discharge.

Removal of an I&E regular metal rupture
from tube 2459 and charge-discharge.

Removal of a stuck I&R reyular metal rupbure
from channel 2483,

Polson discharge.

DECLASSIFED
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Tquipment Experience

1. Seventy-nine aluminum process tubes were replaced.

2. Eleven tube leaks and two Van Stone leaks were corrected.,

3. Vertical rod channels 41 and 58 at C reactor were boroscoped
and found blocked by displaced graphite at 12 and 19 feet from
the top of the unit.

b, Dual area trip-out tests (PI-IP-301-1) were successfully
completed at D-DR reactors.

Reactor Fuels

Projection Fuel Testing

PI-IP-274-A charged into B reactor at the end of November, was
designed to demonstrate the relative performance of rib-supported

and self-supported fuel under identical irradiatiaiconditions. The
fuel used was 1.47 percent enriched uranium. On December 23 and

30, control column failures were sustained, nnd on December 0, Lhe
remaining two control columns were discharged. The test material
remained in reactor until its discharge on February 9, without a
failure. Statlstical evaluation of the test indieated that a l'actor
of improvement in rupture resistance of 30 hid been demonstrated at

a confidence level of 95 percent. Visual eximination of the elements
showed no hot spot corrosion patterns as compared with 13 observed
(in addition to the two failures) on the conlrol elements. Operatinc
conditions for both test and control material included specific power
above 100 kw/ft., calculated surface temperatures up to 150°C and for
the test material exposures above 850 MWD/T.

E-N Irradiation

The 20 remaining central zone striped columns under irradiation at
H reactor are scheduled for discharge during the next outage .

KER Loop Irradiations

On February 7, 1960, a failure occurred in the 1.6 percent enriched
Zircaloy-2 jacketed clusger elements being irradiated at a coolant
temperature of about 230 °C in KER Loop 1. The exposure at failure
was 2520 HWD/T. Cause of fallure has not yet bheen determinead,



Reactor Fhysics

Zirconium Tube Hazards Review

A review of the possible hazards associated with the use of zir-
conium tubes in the old reactors has been completed. The results
of the study, which will be documented immadlately, are that the
zirconium process tubes in thomselves will not worsen the safety
status of the HNanford reactors. In some cases, instead, improve-
ment can result. Higher melting point process tubing vill contain
fuel elements subjected to inadequate cooling for a longer period
of time. Also the thinner process tube wall allows a greater lati-
tude in fuel element sizing and in some cases resultas in a lattice
configuration less overmoderated than at present.

Reactor Impgineering

Zirconium Process Tubing

Three of the four contracts for Zr-2 ribbed process tubes in BDT
geometry have been cancelled.,

A total of nine ribless zirconium process tubes are nnv in place

in C reactor, including seven installed during February, ThirLe-~n
more are in storage at Hanford anil 2k ar: enroute fram Pridcpan
Brass Co.,

Grophite Distortion

Traverses of Lhe top center process tubes ab B and T oroalospra e
indicated an increase of .15 to .3 inches in the alnvation o in-

let and outlet humps and of the center d~przasion sinct readings

taken approximately three months ago. The bshavior expretod vould

have included little or no change in the nlevation of the hunps and
decreases of about 0.1 inches in the elevation of the center depressions.
A repeat traverse was made at B reactor and indicaten Lhat the measure-
ments were not in error. Recent travers:s of center tibes in D nnd

DR reactors showved the expected behavior. The reansons for the unusual
behavior in B and T reactors are being s~ught. Travera~s of the top
center tubes willl be reﬁ%tcd at about on~ month intervals (rather

than the wsual three months) to monitor the course of graphite dfa-
tortion.
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File FPhyslcs

Non-equilibrium logss reductions in excess of 50 percent were
achieved during several startups at the two K reactors through
lorge-gcale use of polson aplines for transient contrnl. Signlfi-
cant startup efficlency improvement at DR and Il reactors unrn

mode folloving additlons to and relocation of FCCI columis. Tho
average flattening efficlency as measured by the total ECI reachen
a wrecord high of nearly T77.5 perecent of all roactor tubes with most
reactors at a relatively high point in flattening. KN reactor
achieved an ECT value of 80.5 percent of total reactor tubes.

Flattened Zone Discharge

The first full flattened zone discharge was carried out at DR re-
actor during an extended outage TFebruary 18 to 24, Intitial oper-

ation following the startup was promisingly consistent with reactivity
and flattening predictions.,

Pecar Tace Improvements 105-KB - KW

An improved handling system for rear face nozcle caps incorporates
the use of a gravity roll conveyor, nozzle cap tracks and cap trays
used in connection with an engineered system of removing,serriciu;y,
and replacing nozzle caps for charge-discharpe activities. The in-
stallation of the new equipment at KE and KW are complate and similar
aquipment has been programmed for the remaining reactors.

Inspection of Renr Rigsers

The 105-B rear risers vere ingpected on Februuary 1, 1000, The nnar
risers had one suspect arca vhich may be cracked and a sample line
thot should be secured. The far risers appeared sound.

190h-T

During the last F reactor outage, approximately 25 cubic yardg
of grout were pumped underneath and around thn outlet end of the
190h-T outfall box, and the holes in the walls of the box around

the outfall lines were caulked with lead, wool, and grouf to vepair
o serious wvater leal,



Overboring

A successful attempt was made to overbore a process chantel in

D reactor. Approximately twenty feet of the channel was bored out
in a thirteen minute operation with a carbide tipped cutter, using
slow speed and heavy feed. The tool wasg not visibly dulled.

Spline Coiler lMachine

The use of a polson-spline coiller machine was demonstrated at 105-
KW reactor and except for deficlencles in the reel desicn, the
machine performed satisfactorily. An improved reel prototype was
designed and preliminarily tested with no problems.

FISSIONABLE MATERIALS -2000 PROGRAM

Thermal Hudraulic Studiles

Fourteen different combinationg of rear fittings were examined in
the hydroulics laboratory as part of the feasibility study for
increascd flow rates in the BDF type reactors by use of loxpnr

rear hydraulic fittings. Most of the fourtren cases examined coi-
sisted of reaming the existing header fittings (Parker fittinz) and
using larger J-type connectors. The data indicated that normal
bingle tube flow rates could be increased np to 15 percant nbovn
present rates. The maximum flow rate corrisponds to thab attalnable
by using a complrte K reactor-type rear assrmbly on a BRI tubn,
Attainment of such flow rate increases is based on an assumplinn of
constant front header pressure; since reactor hydraulic supply curves
probably show a decrease in front header pressure with flou increase,
the total reactor flow increase would be less than the sincle tube
analysig would indicate. Mecchanical problems may also limit the use
of the largest rcamed fittings wvhich were tested (0.650" ID header
fitting). The results are reported in HW-G3756.

Heat_Transfer Experiments Fertaining to Prcsent FProduction Reactors

Three sets of experimental data concerning thermal hydraulic character-
istics of BDF-type reactor process tubes under various conditions were
completed., Thesr data, obtained from the full-scale electrically
heated low pressure heat transfer apparatus, were as follows:
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1. Bteady state hydraulic demand ourves for enlarged rear fitting
at standard rear héader presaure,

2. Similar data with the same test section ot rear header pressures
at 150 psig.

3. Steady state hydraulic demand curves at very low tube powvers
with standard rear fittings.

For data set No. 1, flow instabllity would not occur due to plugging
for tube powers less than about 1,100 KW i1f the tube were supplied
writh flow from a front header at a pressure of 550 psi. Double
rrotection for upstream plugging by a high trip would not be realized
with tube powers less than 600 KW, with initial Panellit pressures
equal to 180 psi.

For data set No. 2, the hydraulic demand curves align with similar
curves for low rear header pressures in the hoiling region. This is
significant in that studies of hydraulic stnbility for reactor oper-
ation at high rear header pressures can be conducted with existing
data.

For data set No. 3, the hydraulic demand curveg cbtainel e ks
rounrs of 50, 100, 200 and 300 KW were corrt~d to floyn eofttelongty,
sm21l that the pressure drop had reached a muddmum and woe dergeed] o
vith decreasing Mow. This factor makes this data of partlculm valn~
in analysis of shutdown cooling conditions.

Laboratory Equipmeont

The high pressure heat tronsfer apparatus remained shutdown for modi-
fications to allow greater flow and heat transfer rates aseprovided

by Project CGH-834. Progress was generally on schedule and operation
of the apparatus was still planned for the sncond week in !March 1960,

Considerable difficulty has been encountered in recording thermocouple
readings from electrically heated test scetions when uging the new
silicon rectifiers as a heat generating sournn, The a-c ripple Lm-
posed on the d-c output of the rectifiers induces an undesirable
current in the thormocouples used to measure surfaee tempoarsture in the
heat transfer test sections. Suitable filters for the recordins
instruments were developed that would filter out the a-c components in

the thermocouple signals without pgreatly affecting the response time

of the instruments.
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Shilelding Studies

Houtron and Gonma Attonuatlon

The iron-serpentine concrete (265 lb/ft3) test alabs were removed
from the oven, where they were baked at 320°C, and placed in the
shield fagility for irradiation. The data indicated there was a
7.1 1b/ft7 water loss after the concrete was baked at 100°C and

8.1 1b/ft3 after the 320°C balke. This leaves 2 total of 6.h 1b/ft3
of water retained in the concrete after the 320°C bake.

The lighter non-sgerpentine concrnte (210 lb/fts) test slabs wern
removed from the shield facllity and placed in the oven where they
will be baked at 320°C. ATter the foilg have been counted and
analyzed this will complete the testing of th!e concrete in the
"ag-cured" condition.

An interim report on the results of the boron-stecl thormal shield

test has beon issued as uw-63981, "NFR Design Test DI-1037, Boron

Steel Thermal Shield Test." In thils test the neutron attenuation

of a one-inch plate of boron-loaded mild steel (approximately 1.0%
boron by weight) has been studied experimentally using the 33"

Shield Test Facllity. Measurements to date indicate attenuation

factors of 225 and 4.5 for thermal and resonance neutrons, respectively,

Structural Materials Development

Zircalo,” Retubing Frogrom

A total of 26 ribless Zircaloy-2 tubes for C rractor have bion re=-
ceived from Bridgeport Brass and Harvey Aluminrum. Delivery of the
remaining 74 tubes on order should be nearly complete by mid-larch,
Two~hundred additional C reactor tubes are being ordered for complete
delivery by June 15. Due to a chonge in plans and fuel design,
contracts for development work and production of ribbed Zircaloy-2
tubes for the production reactors are being terminated, althoupgh

an cstimated twenty to thirty ribbed tubes shonld Le deliverad in

the next few months from tubes already in procnss on these orders.

[T Zircaloy Frocess Tubes

A three-day information meeting with workshop rn fluorecscent dyn
penetrant and ultrasonic testing was conducten during February for
representatives of the four contractors for NIR Zircalny procrss tubes.,
The theory and operation of the two test methods were explalned 1n an
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11lustrated lecture session. The actual testing operations were
then demonstrated at the White Bluffs testing site of Radiographic
Testing Operation, using short lengths (up to 15 feet) of experi-
mental NFR tubing., In a finpl discuesion session, results on test-
ing and rettlaiming other types of Zircaloy tubing were presented,

and testing equipment costs were discussed. The fluorescent
punetrant and othor test results on these pilot tubes are of intercst
to the vendors as a measure of the problems they may face in appli-
cation of these tests at their sites. With the inclusion of larvey
Aluminum, capability has been developed on the part of dach of three
vendors to produce NPR process bubes to present HAPO specifications.
Work will continue to improve these capabilities in line with the
new more rigorous specifications.

Chase Brass and Copper Co. has shipped eleven full length VIR bLubng
vhich are now at Hanford for final testing. Ten completed VIR procens
tubes produced by Allegheny Iumdlum Steel Corp. have also been shipped.

Nonmetallic Materials Development

lNanford Irradiation of NFR Candidate Graphites

Samples have been discharged from the 2C test hole at KT reoctor with
an accumulated exposure of 2500 MWD/AT at 550 to 600°C., 7These
samples ‘ere thermally annealed at 650 C prior to irradiation. The
results of length charge measurements are tabulated below:

HANFORD IRRADIATIONS OF FPR CANDIDATE CRADHTLES

2500 MWD/AT at 550 to €00°C

Graphite Type Percent ILength Change
Transverse arallel
GL-10 4+0.022 -
GL-11 +0.015 +0.,003
\'[e +0.0006 -0.019
KC +0.025 -0,017
csr -0.005 -0,N00
UGBTI -0,008 AN
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The measurements show that all of the grophites made with needle
cokes (OL-10, GL-11, VC and KC) exhibited expancion in the traons-
verse direction, while those from other cokes (CST and TSGBF)
contracted.

Several high density graphites prepared by pressure forming and
baking processes were included in this irradiation. Exceptional-
ly large contractions were noted as follows:

HANTORD IRRADIATIONS AS HIGH DENSITY GRAFHITES

2500 MWD/AT at 550 to 600°C

Appurent Percent Length Change
Graphite Type Density Transverse Parallel
MC-1 (unimprepgnated) 1.81 -0.085 -0.,07
ne-2 (Impregnated) 1.90 -0.120 ~0,100)
ne-3 (unimpregnated) 1.83 ~0.090 -0, 0
-t (Impregnated) 1.92 -0.0%7 -l N

Then~ somples will be re-irradiated to determine vhother the high
initlal contraction rates continue at higher exposures,

Flw: lonitoring

Preliminary results from calculations of the fast neutron flw-

spectrum in the Y test hole at C reactor were obfained from ORIL.

The calculations were performed using a thirty-two group diffusion-

type code, the GNU-II, vhich had been modified to lnclude twenty

sroups in the range 0.183 mev to 10 mev., The ratio of the flux abnve
one mev to the flux alove 5 mev, Lhe reported Il octivation threshold,
van caleulated to be £1.2 compared to a value of 12.9 for a Watt fission
spectrum, a change by a factor of 1.65, Thus, it appears thot con-
siderable modification occurs in the flux spectrim in the test position
even in the region above 1 mev.

KR Loog

Rupture of a 7-rod Elrcaloy coextrusion clad uranium fuel clement in
KR Loop 1 on February T produced a characteristic chain of wvarnings,
a high delayed neutron activity (vhich scrammed the reactor), atrong
responses in the monitors of the other three KIR loops, and high




CLASSIREY

rolliation levels at the rear nozzle and at other points in the
loop. Vater analyses confirmed the rupture, showing abnormally
high I-131, total I, Cs-137, and lp-239 concentrations. Tiamin-
ation of the rupture in the dlscharge basin revenled a longl-
tudinal split about 3/4 inch long in the cladding of an outer
rod in the cluster. The fuel surfaces appeared clean and free
of crud deposits. ‘

Reactor Materials

GIIR Irradiaotion of IR Candldate Graphites

Collecting of information from the H-1 experiment irradiated in
the GETR has been completed and the data are presented in the
following table. The table supersedes a simlilor but prgliminary
table in last month's repogt and represents the best ra&ionalized
values of both mechanical'®ptical gauging of the samples. Also,
nev exposwre values based on foll measurement are available in

the place of estimates obtained from Vallecitos three-group calcu-
lations. Tor values intermediate to the monitors, data of J.
loteff, Trans. American MNuclear Socilety, Vol. 2, No. 1, were used
to determine longitudinal variation.

It 1s seen that VC and CGL-10 are the least conlvacting grarhites,
followved by GL-11l. All three needle cokes conkract less than C9F,
of tge RX series, RX-3, graphitized at the highest temperature,
31h0 C, is the least contracting. This is followving in turn gy
R{-1, prophitized at 290000, and by RX~2, graphitized at 20007C
with pitch impregnotion. It 1s now possible to Airectly compnre

the GL, VC gerles with the RX series since the Tormer are production

produced h" x 4" extrusions and the latter are laboratory producnd
2" diometer extrusions.
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GETR Experiment, H-1

Integrated
Flux Transverse Samples
gemp, 1 meVay ‘EXPOSErS Lengﬁh Changes, % L + .01% 90% Clﬁ ]
C. nvtxl0 MWD/AT CSF  GL-10- GL-11 Ve RC RX-1 RX-" RX-3
"00 1.h2 3600 -.05 -.03 -.0h -.03
"0 1.79 4500 ~.10 -.05 -.06 -0l
250 3.30 FOIL 8300 -.06 -.02 - .06 -.03
1000 2.73 6900 -6 -.08 -.08(3) -
I 3.84 FOIL 9700 -1k -.12 w1l -.10
T159) 1.03 9900 -.31(3)-.26(2> 3h(3) -.21
1200 h.52 11400 -.35 -.2h -.29 -.22(“)
1200 h.B9 12400 | -.u5(2)-.37(2) -.37(2) -.20
e 5.12 1300 - .29 -.22 -.26<2) -.05(3)
1100 5.15 13000 -.h3 0 -.32 -« 37 -2
1050 3.56 FOIL 9000 -.13 -.12(2)-.13 - .06
1000 3.78 FOIL 9600 -.15  -.12 -.16 -.11
(1) Conversion of 3.95 x 10*® nvt per 1mn/at. '
(2) + .02 percent
Yoo pareent
1 .0% percent
Summaxry
ve GL-10 GL-11 CSTF
RX-3  RX-1 RX-2 RO

R
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Graphite Burnout llonitoring

Samples discharged from tube 1960-C in January after twenty-two
months exposure to pile atmosphere in an empty process channel
showed the following welght changes:

GRAPHITE BURNOUT, 19G0-C

Boat Distance from Front ‘Average % Weight
Number ‘ of Graphite, ft. Loss Prr 1000
Operating Days
1 h.3 ' 1.6
2 1.0 35
3 23.8 J1
e highly oxidized samples were badly pitted on onn siie, ding

th? appearance of Swigs cheese. The pits probably developd on

the upper side of the sample, as the top of the boat was olao vary
hichly oxidized, and it collapsed when tongs were placed ~round 14,
In addition, the top of the channel appeared to be mores heavily
attacked when it vas inspetted in February. The borescop: revealed
that 50% of the channel arca between 13'5" and 24'10" had been
attacked. No estimate of the depth of penetration of the oxidation
could be made. The channel will be borescoped again in April, and
at that time photographs will be taken.

The cause of oxidation has not been determinnd yet. One puess is that
leaking vater deposited dissolved minerals in the graphite, cotalyzing
the oxddation of the graphlite. R:.diographr 7111 be taken on the
samples to determine vhether the pitted are:s are higher in radio-
activity than the nonpitted arcas. Also, serapings of theo pits will
be analyzed by emission and pamma spectroscopy.

4000 PROGRAM - REACTOR DEVELOFMENT (GAS COOLD REACTOR FOUER 1DRCARAN

Groaphite Studies

llot Capsule Experiments

Results from twenty-two capsules irradiated wp to 5000 D At fon

to 800°C in the MIR vere recently evaluated. The rooulbte are oon-
sistent with previous irradiations, demonstrating that tha necdla-
coke graphites contract less in the transverse and parall~l directions
than CSF. For all graphites tested, the parallel contraction s
greater than the transverse.



Several capsules contained samples cut from a slab e:trusion

from Great Lakes Carbon Corp. The slab dimensions were 2.4 x 1%.5
x 16 inches., With respect to dimensional stability, samples from
the 2.4 inch direction (transvers to the direction of extrusion)
were the most stable, followed by the 14.5 inch direction and the
longitudinal 16-inch extrusion direction. Samples from the center
of' the slab contracted less than periphial samples.

IMTR Startup Eiperiments - LC Schmid

The final draft of the approach-to-critical experiment which con-
tains the high spike enrichment of Pu-Al fuel elements has been
vritten and distributed to the members of the Startup Council for
approval. All of the approach-to-critical experiments have been
vritten and will eventually appear in document HW-61900 along with
cther physics experiments to be done at startup of the PRIR.

FRTR Gas Loop (CAH-822)

The delivery date for the Phase A package has been re-established
as June 1, 1960, following a meeting with the vendor. This datn
is taken as sixty days following the revised Aelivery date of the
main gas blowers. Considerable difficulty 1s being experienced in
the fabrication of the gas blowvers.

Final prints have been received and approved for fobrication of the
top and bottom flexible connectors for the in-reactor test section.
Additional requisitions vere issued to fabricate these connectors
from stainless steecl (1200 I rather than 1500° F) to assure having
connectors available at the time of loop installation.

Due to the complexity and number of factors affecting temprratnra
transients of gas loop piping, transient analysis of the loop will
be programmed on the new Berkeley annalogue computer as soon as
the instrument has been checked out.

Gas Cooled Power Reactor Program - In-Reactor Section

The nozzle closure assembly made of stainless steel which was tested
at lOSO F and 500 psig was removed from the trst furnace and dis-
assembly of the unit was attempted. During disagsembly, the tennion-
in~ nut galled the main stud and it had to be machined out. During
machining the pin which prevents rotation of the dome with respect

to the test of the assembly was sheared and the dome rotated, destroy-
ing the sealing faces.

"
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Fabrication of a new nozzle closure agsembly made of Hasgtellnv
X was started. Leakage of the assembly will be determined under
full pressure and temperature conditions,

The mechanical device which will be used to flex components in the
furnace vas completed. Operation of the device was started. Test-
ing of the flexible hoses was continued. Diring the month, the
flexible hose was subjected to long-term hydrostatic test at 2000
psig at room temperature without leakage. Hot tests on this unit
at 1200°F and 500 psig(¥88) started.

Additional Hestelloy X material for use as the pregsure tube was
orderad.

Material receilved for the in-reactor section is now 45% compleate.
Fabrication of equipment to test the outlet helium bellows for the
bottom face of the lower shield was completed. ‘Testing of the

bellows was started.

FRP Critical Facility (Project CAH-842)

The PP, HW-63069, was approved by General Electric Company and trans-
mitted to the AEC February 12, 1960.

The Design Criteria, Hw-62117, has been revised to include a reactor
moderator system capable of changing and controlling bhe reactor
tank level at any point in the top four feet of the vessel. Ad-
ditional equipment required for this change includes an 850 gallon
storage tank, an adjustable weir overflow system, an addition pump,
and associated piping and valving. The reactor cell was deepened
from 26 to 32 feet to house the additional equipment.

Nrkailed desipgn of the building addition has been complebuod, T
oot transfer lock design was withdrawn from the “allding dsate
tactaer and will be procured on a "design and build" bhagia, e b
el specifications were completed during the report pericd.
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PRODUCTION

Reactor input production (1.7 percent above the November 1959
maximum) established a new record and was 7.7 percent above
forecast; 1.8 percent above at the six old reactors and 16.h
percent above at the K's, Forecast was exceeded due to high
time-operated-efficiency at the K reactors and high average
pover levels at all reactors.,

OPERATING EXPERIENCE

Power levéls

The combined eight-reactor instantaneous power level was increased
895 megawatts (17,360 to 18,255). Record levels at the individuai
reactors were increased U5 megawatts at B reactor (1640 to 1685),
80 at C (2000 to 2080), 80 at F (1735 to 1815), 55 at H (1770 to
1825), 20 at KE (3710 to 3730), and 100 at KW (3710 to 3810).

Ruptures

Fifteen ruptures, 14 I&E and one solid regular, were removed from
the reactors. Four of the I&E ruptures vere at B reactor, U at
C, two at KW and one each at DR, F, H and KE. The solid rupture
vas at KE. Seven of these ruptures were stuck and one caused a
process tube leak.

Reactor Outages

Reactor outages for the month of January are as follows:

Ay
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Date Date Outeage
Down Up Hours Remarks

12/30 1/1 42,6  Removal of a stuck I&E 94 metal production test
rupture from tube 176k,

1/10 1/11 35.8 Removal of aon I&E regular metal rupture from
tube 3268 and charge-discharge.

1/21  1/24 77.0 Removal of a stuck T&ER regular metal rupburn
from tube 1686 and charge-discharge.

1/2h  1/25 19.8 Removal of a stuck I&E regular metal rupture
from tube 2676.

1/31 St1l1ll Down Removal of an I&E regular metal rupture from
tube 1575.

C REACTOR

1/3 1/ 33.7 Removal of an I&E regular metal rupture from
tube 2168,

1/ 1/16  40.6  Removal of an I&E regular metal rupture from
tube 2171. Thermovouples were installed on
vertical rows S1 thru 57.

1/21 1/23 37.4 Removal of an I&E regular metal rupture from
tube 2576 and charpe-discharge.

1/2h  1/26  38.1  Removal of a stuck I&E regular metal rupture
from tube (3861 and charge-discharge.

D REACTOR

1/4 1/9 117.9 Completed scheduled charge-discharge and tube
replacement .,

1/9 1/9 1.9 Venturi change in tubes 1991 and 2491.

Ty
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D REACTOR (cont.)

1/25  1/e1

52.3

1/31 8till Down

DR _REACTOR
1/10  1/11
1/21  1/22
1/ 1/24
1/24  1/24
I' REACTOR
1/4 1/9
1/23  1/25
1/25  1/25
H_REACTOR
1/9 1/10

* Shaft frasments were dislodged on 1/15 at the time No. T pump was
being started up following impeller replacement.

37.3
L. 9

003

0.2

115.3

39.1

1.4

32.7

rad
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Removal of puiip shaft fragment (from No. 7
pump at 190 Bldg.) from crossheader screens

and front face flttings and charge-discharge.’

4

Temperature control due to a faulty ball valve

on a PCCI" Tube.

Removal of an I&¥W regular metal rupture from
Completed charge-discharge and

tube 1570.
malintenance.

leak testing.

Panellit trip.

Panellit trip.

loter leak. Chuarge-discharge and tube replac
Installation of crossheader diffarcut!

ment .
gauges.

Removal of a stuck I&E reguloar metal rupturn

Tube 2185 was replaced.

from tube 1182 and charge-discharge.

Manually tripped due to insufficient rods for

ocontrol.

Charge-discharpe following maintenance on

front face cap.

pigtalls.,

has not yet been determined.

"Replired ten leaking rear
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H REACTOR (cont.)

1/20 1/22 52,7
1/23 1/23 3.8
1/23 1/23 0.7
1/26  1/28 40,5
1/28  1/28 0.6
KE_REACTOR

1/11 1/13 W9
/'3 1/13 6.0
1/25  1/27 46,9
/21 1/21 0.9
/21 1/28 3.3
1/31  8till Dowvm

oy

O T

AER AeeiEEn

Removal of a stuck I&E’regular metal rupture
from tube 2981, Charge-discharge and tube
replacement .,

Adjustment of gas composition.,

Panellit trip.

Leak testing and replacement of tube 1960,
Removal of a stuck I&R regular metal rupture
from tube 3183.

Panellit trip.

Removal of a solid regular metal ruptura
from tube U345, Charge-discharge and tube
replacement,

Polson discharge., A delny of about 2,% g
ves experienced due to the malfunction of 1
"C" elevator relay.

Rimoval of a stuck I regular metal rupture
from tube 2052, Charpge-iiacharge.

Beckman trip due to a surge on inatrument
Dover supply.

Poison discharge,

Trip due to a faulty dump valve on KER Loop 2.

=
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/b 1/5 38.9 Panellit trip due to an I&D regular metal
rupture from tube 3075 and charge-discharge.

K REACTOR

1/6 1/6 2.9 Poison discharge.

/22  1/2k 6.k Removel of an I&E regular metal rupture from
tube 3866 and charge-discharge.

1/25 1/25 L4.h4 Poison discharge.

Tube Replacement

One-hundred~five process tubes were replaced; 67 at D, 19 at H,
1k at F, two at B, and one each at C, DR and KI.

Water leaks

Five tube leaks and two Van Stone leaks were corrected; (two tube
leaks at T and one each at B, DR and H). The Van Stone leaks
vere at ' and H.

FRESENT REACTOR TECHNOLOGY

Self-Supported Fuel Testing

Irradiation of four columns of 1.U7 percent enriched self-supported
fuel elements in ribless tubes continued under FI-IP-207-A.
Irrodiation will continue until a factor of 20 improvement in
relative rupture performance is demonstrated with 95 percent con-
fldence unless terminated earlier by fallure.

L=l Irradiation

Test columns from the fringe blanket loadlng have been discharged;
final discharge of the central block loading 1s expected during
the next outage at H reactor.

EKER Loop Irradiation

Four 18" enriched tube-in-tube elements, two alloyed with 2.8 percent

Zr ond two un-alloyed, were charged in KER Loup 2 on January 11
under PI-IP-192-A, ~




. . ‘
EQM | -
NS

WITH DELETIONS

Graphite Purity

'

Analysis of dih (delta in-hour) variations for core graphite of the
NFR indicate that a 4+ 115 dih spread in graphite purity will result
in only + .5 mk variations in NFR reactivity., This requirement

for dih variation is twice the standard variation for AGOT purity
quoted by National Carbon Company.

Muel Element Measurements

Four foot exponential pile buckling measurements on tube-in-tube
fuel elements have been concluded, and the resnlts are as follaws:

Latticc Spacing ___Buckling (m5)
Vet 1) N
T7-3/1G" -123 -2
8-3/8" - 0 - 50
ig-%;g: - ly + 7?
- ) - T2 4104
1h-9/16" -127 + 55

Comparison of the graphite to uranium and water to uranium ratios
for this fuel element at crossover with the corresponding ratios

for the NPR fuel element indicate that the NPR lattice is below the
crossover point, as expected.

BECLASSIFIED
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Ribless Zr-2 Production

Bridgeport Brass Co. has approximately 4O smooth-bore C reactor
tubes in the process of final inspection. [Eleven of therna tubes
vere shipped to HAPO on January 1. In addition, six C reactor
ribless tubes have bean processed by Harvey Aluminum Co. and
two of these have been completely inspected.

Oraphite Irradiation

The second test capsule containing samples of various grophlte
types was discharged from the GETR on December 28. Ilength
measurements on the graphite samples indicated length decreases

of several tenths of one percent., |

Exposure levels on these samples were too low to give any evidence
of saturation or slowing down of the rate of contraction. Con-
sistent with all other test data to date, the graphite made from
"needle" coke contracted somewhat less than the CSF reference
graphite. In addition, there is an indication that graphite made
wvith finer coke particles and exposed to hipgher temperatures in
praphitizing furnaces contracted at a slipghtly lower rate than
more conventional graphites. There seems to be a significant
increase in contraction rate aboie a temperature of about 1007¢C.

Splines

D and KE reactors used splines for startups during January. Forty
and 35 splines were successfully used on startups at these respective
reactors with an estimated gain of five effectlve hours per start-
up. It 1s expected to use splines for startups again at KW reactor
as soon as the removal reel is operational.

Spline Coller

A spline coiler, to replace the broublesome spline choppers, has
been built and tested in the laboratory. This device, withdravs
the spline from the process tube and coils it up on a small reel
Inside a shielded container, then drops reel and container into a
disposal chute.

EQUIPMENT DEVELOPMENT

Cap Remover Prototype

The cap remover prototype has been assembled and mounted on n,
temporary carriage in 108-D Building, connected to a procrom
simulator and operated functionally. Worlk 1s continuing ta remove

minor bugs, but the assembly now performs the *‘ntended function
of removing the cap and replacing it.

-
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MATERIAL DEVELOPMENT - 2000 Program

-8 .

Mmtallurgz_grogram

Corrosion Studies

Hydriding of Zircaloy in Simulated NPFR Gag Atmosphere

Three sets of Zlrcaloy-2 ang Zircaloy~h samples vere exposed

to gas having 93 percent He, 3 percent H2, 3 percent (o and less
than 0,01 percent Op or Hg0. The samples were exposed for 21

days at 400°C., The etched but unautoclaved samples of both alloyg
vere severely hydrided and very brittle., The autoclaveq samples
show some hydrogen pickup, but about 20- to 70«fold less than the
etched samples.

Autoclaving Studieg of Zircaloy-2
Some preliminary conclusions are as followg:

1. At a given temperature the weight gain 1g = » mg;/dm® higher
at 100 psi than it is at 1500 pal, time being 72 hrs,

2. The allowable temperature variation from the specified value
during autoclaving ig in the range 10 to 20°¢,

3. TFormation of a viéually accepfable black film is rarely hopmeq
by two pleces of‘Zircaloy-a touching each other during autn-
claving., This 1s of significance for hardwore assembling

lammm‘Hbmwn

Rffect of Irradiation or Corrosion in High—Tempevature High-Purity
Water indicate there 1g very little (e.g., lrss than about 20 perw
cent) corrosion of several alloys of aluminum, 304 stainlegg steel,
Zircaloy-2 ang Zircaloy-3,

Structural Materials Development

NFR Zircaloy Process Tubes

Chase Brass and Copper Co. hag completed the fabrication of 13 NPR
brocess tubes, The final draving operation proce:eq smootly, and
the tubes emerged with no apparent scratches byt with varying

DECLASSIHED
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amounts of bow. The bow was removed by a press straightening
operation. Three of the tubes had been stripped of drawing lubri-
cant and one had been inspected as of January 22. This one tube
had two small galled areas inside, which were successfully re-
moved by localized grinding.

The first tube produced by Allegheny Ludlum Steel Corp. went
through the rocking process at Tube Reducing Corp. on January 19.
This tube passed through the tube reducer urneventfully, emerging
with leus than the usual bow or spiral and a better than normal
outside surface. Seven more tubes were processed during the next
two days, and four more are nearly ready for tube reducing.

Reactor Engineering - 2000 Program

Data from heat transfer experiments with a T-rod cluster fuel
element show negligible inter-channel mixing and higher water
temperatures in those areas where the distance between rods is
small. There was significant phase separation even under local
boiling conditions.

Production of Fissionable Material

Reactor Materials

The H-1 experiment in the GETR was discharged January 6 after an
2267 MWD(reactor thermal) exposure. In general, the experiment was
found to be in better condition than the previously discharged H-2
experiment although the predicted irradiation conditions vere much
more sevzre. The,flux values however were confirmed to b= 1/7 of
the expected flux.\%qr-—

v
There 1s an apparent superiority of needle cnke graphite . ! he
lover temperature and there seems to be a temperature contricinnt
nf contraction, since all samples at high temperature contracted
more than a difference proportional to exposure. There 15 n differencn
between VC and RC graphites which is believed to be cauger by the
extrusion technique. For that reason the RX series material should
probably not be directly compared to the GL and VC graphites.
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The appearance of the experimental assembly, with the exception
of a substantial carbon deposit on the internal wall, was good.

In contrast to the significent melting observed in the H-2 ex-
periment, only one strut in this test melted. All ceramic spacers
were intact and no fracturing of thermocouple insulators was ob-
served.

A series of experiments designed to clarify some of the behavior
observed in the H-2 capsule was performed in an induction furnace

at 1500 C. The loss of the molybdenum parts in the H-2 experiment

now appears to be caused by the dissolving action of aluminum

vapor., Aluminum and graphite systems at about 1400°C rapidls form

Ay C The Al),C, in or on graphite is very detrimentnl to the
1apgite body if moist alr is present. Some samples thug Lrnated

hwve completely disintegrated in a few weeks at room temperature.

The A1)C, in the presence of water forms aluminum oxide and methane.
Reactdon& of molybdenum, graphite, Aly03 insulators, alundum, and chrom~l
alumel in various combinations do not appear to behave differently
than would be predicted from material considerations alone, and
apparently such reactions had little to do with the observed condition
of the H-2 capsule.

Graphite Burnout lonitoring

Somples were discharged from tube .1960-C after 22 months exposure.
Weight changes will be measured afier samples have been desiceated.
Oxidation rates are expected to be high because the center graphite
sample carrier crumbled easily during the discharge operation. In
order to correlate power and burnout rates, nickel and aluminum-
cobalt alloy flux monitors were included with the graphite samples
vhen the channel was recharged.

Effect of Filler on the Radiation Resistance of Neoprene

A comprehensive study of the effect fillers have on the radiation
reslstance of Neoprenes is currently under way. This is a portion
of an overall program designed to study the effects of compounding
ingredients on elastomers and their radiation stability.

Preliminary results show that tensile strength is the physical

property most affected by wvariations in type and quantity of filler.
At high doses many of the specimens were covered on the surface with

DECLASSIFIED
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fluld droplets. It is postulated that chlorine evolved from the
irradiation of the neoprene polymer has reacted with atmospheric
moisture and filler to produce chloride salts. Further work is
under way to determine the composition of the fluids.

Physics 2000 Program

Summarx\

An excellent demonstration of the versatility of the PCTR was
given this month. Three distinctly different types of experi-
ments were done. (1) A core made up of solid graphite was used
to study the effect of graphite temperature on neutron temper-
ature, (2) a homogeneous core of U0z enriched to three percent
U-235 was used to determine the amount of hydrogen which must be
added to assure no criticality problems with this material, and
(3) tube-in-tube fuel elements in a graphite lattice were used to
determine reactor physics properties of a core similar to the N
reactor core. During a portion of the month, the PCTR was run
three shifts per day.

First criticality experiments vere started on Pu-Al rods in light
water. The rods contained five percent Pu in aluminum. A near
eerious contamination incident occurred when a plutonium compound
was removed from one of the rods by corrosive action.

Nuclear safety problems associated with the dissolving of spent power
reactor fuels were gtudied. Safe dimensions were determined for
such a dissolver,

A "soft mold" technique was applied to grow single crystals of
aluminum to be used for neutron interaction studies. This new
technique produced better crystals than have been obtained brfore.

4000 PROGRAI{ - REACTOR DEVELOPMENT (GAS COOLED POWER REACT.R TEOGRACY)

Adr Oxdidation Studies

“rreriments are in progress to evaluate the efTect of varinhles of
manufacture on the oxidation rate of the ;raphite. The rate of oxi-
dation of various types of graphite could be very important in
determining the life of a reactor. One variable which appears to



have a great influence on the rate of oxidation is the amount of
graphite impurities. An index of graphite purity is the dih value,
Seven samples varying in density, dih, purity, particle size and
type of coke were oxidized at 600°C with an air flow of 25 cfh,
with the following results:

Graphite Oxidation Rate x 102 g/g hr dih

SP-21 2.52 +0.,027
TS-AGOT 1.92 +0.180
SP-23 1.87 +0.317
co 1.60 +0.360
SP-10 1.h7 +0.G71
CSF 1.19 +0.854
SP-7 0.429 +1.10

The dependence of oxidation rate upon dih purity is best 1llus-
trated by comparing SP-7 and SP-10 graephites. Both graphites have
the same coke source, particle size and density. Both were processed
identically except that trace Feo03 was added to SP-10. This

caused the dih purity to drop from 1.1 to .671 and the oxidation

rate to rise by a factor of 3.k

Project CAH-822 Gas-Cooled Loop

The Struthers-Wells Corp. has submitted a request for extension

of the April 15 completion date. A revised completion date is
June 1, 1960.

Approximately 30 percent of the in-reactor material has been re-
celved.

Hastelloy-X, on the basis of preliminary data, appenrs to be superior
for the gas loop service to any of the hipgh-temperature 1llovs now
under test. It is now planned to provide a pressure tube and shroud
tube of Hagtelloy-X in addition to inconel pressure tube and inconel
702 shrouqtube previously planned.

=
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Plutonium Contamination Incident - 305 B (TTR and PCTR)
January 20, 1960 - V. I, Neeley

During the loading of the 1.1 inch lattice, there was detected

the escape of some Pu from the canned fuel elements. The monitor-
ing procedures provided rapid detection (within 4 minutes) and pre-
vented the inadvertent spread of contamination to b&ther nearby
areas. The contamination was contained wholly in the TTR reactor
room. The events leading to the contamination are, apparently:

a. The rod end-cap was machined too thin,

b. The rod was numbered on the wrong and (thin end) with a
vibrating tool.

c. The rods were etched with a solution of hydrofluoric and nitric
acids prior to shipping. '

d. The etching solution apparently lesked into the element throuch
holes opened during the machining and/or numbering causing
corrosion which then escaped.

e. The rod was placed in a plastic bag which accidentally, but
fortunately, sealed itself, and the bag remained sealed for the
approximately 2 months of storaie prior to the rods use in the
experiments.

f. The physicist conducting the experiment removed one zlove to
tear the plastic at the point where it had sealed itself and
his bare hand became contaminated; also his clothing and other
material and equipment handled subsequently.

g. The contamination was detected in a routine hand check when
that loading operation was completed.

h. The second physicist present recéived minor contamination from
equipment handled after the first physicist.

1. Two days vere required to decontaminate the TTR reactor room
and equipment.

J. The rods are now being monitored individually as Lhoy ave ramoyvec,

-
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