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C. Abstract

The Technical Division continued to work mainly on the high flux
pile and its associated chemical and metallurgical problems during the
quarter ended lMarch 1. The principal developments during this period
were as follows:

1) Extensive testing of the active assemblies for the pile shows
that they are entirely satisfactory from the points of view of
mechanical stability, heat transfer, and carrosion.

R) A full-sized beryllium assembly made of beryllium rods bolted
together was completed with its dimensions well within tolerance.
This is an important milestone, since it is an sctual solution
of ene of the most difficult problems of the pile, namely the
fabrication of the beryllium. It remains to subject this assembly
to functional tests.

3) Testing of the components of the pile hes been essentially com-
rleted, except for tests on the regulating rods, the shim-safety
rods and the magnets. liost of the remaining work will be dcne
on the full-scsle pile mock up which is now starting inte crn-
struction,

4) It is now proposed to replace the graphite immedistely adjacent
to the pile tank with BeO pellets in erder to save on metallic
beryllium formerly required for sleeves around experimental
holes., 4 saving in air flow will alsea result.

5) Seversl simplifications of the design of the pile are being
made by the eliminstion of some of the experimental facilities,
which it is now felt are not needed.

6) ork on corrosion and heat transfer in the pile has resulted
in a change of the design basis for the circulating water
system frem the requirement that the purge and mekeup be at
the rate of 5% of the circulation rate to a new requirement
that the purge and makeup be 17 of the circulation rate.
This will save considerably on demineralizer capacity and on
retention basin caracity.

7) Operatien of the pilot plent for the separation of U23° from
fission preducts and aluminum was carried on throughout the
period. The maximum level of radioactivity reached sp far is
that correspending to the Clinton pile. 4lthough it is not
possible to determine exactly the decentemination factors
achieved uncer these circumstances, it is clear that they
are in excess of 10% and it is felt strongly that they are
well above the requlred ]_Ol5 for two extraction cycles, The
uranium losses have been well below the limit of .1% and have
averaged about 1/5 of this, No serious difficulties in oper=-
ation of the equipment have been encountered, although censider-

able work remains on the filtration step. ”
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Technical Divisien Report for Quarter Ending March 1, 1948

1. General

The work of the Technical Division continued during the past
quarter to be primarily en the problems associated with the high
flux pile. During the quarter it was announced that this work will
eventually be transferred to the Argonne National Laboratory, and as
a result certain parts of the design work have been dropped. These
were primarily the work en the site plan, blasting tests, work on the
pile building end the water system, The principal design effort has
been on the details eof the pile mock=-up. Arrangements fer continuing
the design of thc pile have not yet been completed,

Although the change in plan interferrcd scriously with design
wnrk, experimental work continued with only minor intcerruption.

In addition to its work on the high flux pilc, the Technical
Division centinucd work in hcat transfer to molten mctels, in heavy
aggrogatc shiclding, the preparation of Ra-Be sourccs end in the tost-
ing of smcll pumps. It togk on two ncw assignments; onc for devising
a mcthed of monitoring the sir flowing through the Clinton pile and
the ether for developing o standard design of hoods for laboratory work.

2. Pilc Dosign and Dovelepment

2.1 Dcsign Progress (J. R. Huffman)

Ceansidereble time was lost in design duc to the withdrowal
of Kellex, the contemplated cppointment of Jecksen and Morelend, and
the Atomic Encrgy Commission's deeision to move the reacter program to
Chiccgo. On Jonucry 1, 1948 it wes decided to concentrete effort on the
remaining preblems assecinted with the pile structurc and the deteoiled
design of the meek-up. Work on these has progresscd at a satisfactory
rote and is desceribed in the fellowing parsgrophs. On February 8 and 9
meetings were held with the Atomic Encergy Commission's Reecctor Safcguord
Committce, whose report is not cveilable at this time, Several idcas
of improved design rosulted from these mectings and arc being studied.
In vicw of the chenge in roacter pregramy, & considerable number of de-
cisions arc roquircd beforce design can prececd at full speed agoin.
Until thesc arc forthceming, work will continue to be dirccted toward
completing the pile structurc design as broadly cenceived before Jan-
unary 1, 1948.

Beryllium Reflcctor Design

During thc last pceried scveral problems developed in the
design of the beryllium reflecctor. Thesc problems hove been solved
foirly satisfectorily. First,to insurc thet thermel stresscs do not
exceed certoin limits, it was nccessary to design two types of beryl-
lium picces in the reflcetor: thosc next teo the active lattice te
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have 0.080" x 1" slots censtituting 9% water by velume and develeping
6000#/5q.in. stress and those elsewhere in the reflcctor tn have 1/8%
holes on 1" centers, having 2% water by velume and 3000#/sq.in, max-
imum stress. OSecond, the aluminum indentations in thc tank develop

more heat than previously thought and have been designed with an ennulus
fed by water through enlarged holes in the beryllium above and dis-
charging into similar holes in the beryllium bclow them,

The general fabrication scheme is shown on Drawings
TD-390 and TD-391., (Thesc drawings are not included in this report.)
Beryllium bars, assembled by brazing scveral extrusions together, are
pleced in the tank with their long axés vertical. Each bar is made up
of one, two, threc or four individual cxtrusions, brazed tegether as
rcquired in lcngths of approximately 40 inches, the height of the ro-
flector. Each extrusion is of approximately 1" x 3" cross scctien as
brezed, ond an outside limit of 1-3/8" x 3-5/8" hos becn assumed as
the maximum cross scction available, Only in onc or two cases are thesc
limits exceeded. The entire asscmbly nf metal is supperted at the
lower grid support structure, including thet metal over beam hole in-
dentations wherein the load is transmitted through the indentation
itself to the beryllium metal below, thcrce to the suppert structure.

Oricntation of the pieccs other than the directly removable
scctions is effected by the use of two dowcls at the lower cnds of the
scctions inte the lower grid support structurcs Top positioning is ef-
feeted through o single top dewel in each picce cxtonding through the
upper grid suppert, cxcept for the peripheral picccs at the tank wall
which are dowcled at their upper cnds to o tank wall flange., Each
dircctly rcmovable scetion is oricnted and held wvertical by an end box
similar to that uscd on the standard fuel assembly. It is anticipated
thet these scetions may be rcepleced by plate type assemblics of o sub-
stitute metal which might rcquire large volumes of cooling weter, con-
scquently o lorge lewer opening through the supporting structure is
providcd below the squarce type cnd box., 4 nomincl clearcnce of 0.017
inch has been provided between the various sections of the reflector
matrix., Cumulative tolerances are assigned to provide a minimum of
0.005 inch and a maximum of 0,029 inch clearance, As now designed,
all the beryllium can be removed and replaced with difficulty except
that bencath the beem hole indcentations. Whilc this mctal might con-
ccivably be romoved without harm to the tank, it is doubtful that it
could be repleced remotely,

In accordance with thc plans for deteiling the pile mock-
up ot this Leboratory, the job of detailing the reflcetor has been
under woay continuously sinec December 1, Major chenges were effected
rs late aos Jenunry 15; however, as of Foebruory 1 approximately 90% of
the informetion rcquired for deteiling was made availeble., The prescnt
stetus of the detailing job is summarized as follows:

-
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Approximate number of pieces

in the reflector 220
Approximate number of drawings

reguired 46
Detail drawings in process 8

Detail drawings completed

and checked 13
Number of pieces represented by
details completed 76
Active Scction Beryllium complete, including
end boxes

Reflector Assembly Drawings

Number 4

. Gompletc 1

30% Complete 1
Estimatcd status of cntire job 50% complete

Information for the design of isolated pieces around the
high temperaturc cxperimental opening and in the discharge hole is
still required.

The design, while solving thc cooling and stress problenms,
required a large amount of cooling watcr, The pressure imposcd upon
the systcm in order to cool the shim-safcty rods is more than adequate
for proper flow in and around the other components in the tank. Flows
arc balenced by rcstrictions at the lower asscmbly grid and in the plate
under the beryllium, The totel flow of cooling wotcr amounts to 19,300
gpm, which is considerably ebove the 15,000 gpm proviously choscn for
the design. This valuc is bascd on a pressure drop of 35 pounds per
squarc inch across the pilc, and 30 fcot per second watcer velocity
through the lattice and the beryllium,

By cutting flow outside the assemblics in the sctive lattice
to 25 ft/sce, balenced pressurc drop through the pile can be obteined
with 18 ft/sce vclocity in the permencnt beryllium. There will be only
o small cmount of ceross flow from the reflector to the lattice which oc-
curs ncar the top in order to adjust cntronce losscs, This reduces the
flow to 16,500 gpm. To reduce the flow outside the assemblics to this
velocity rceguircs that thoe clearance between the shime-safcty rods and the
lower asscnubly grid be reduced and thot the maximum metel tenmperature
incrcosc by about 7°F,
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By interlocking the beryllium pieces in the row adjacent
to the active section, proper flow patterns in the beryllium are ob-
tained for a velocity of 12 ft/sec in the beryllium., The resulting
cross flow is small and the total flow is reduced to 15,400 gpm.
Decision betwecn these alternates has not been made.

Mock-up Design

411 design work on the mock-up except the reactor tank
and its contents have been completed by Kellex, approved by the
Tochnical Division and turned over to J. A. Joncs for construction.
The Design Scetion has set up a group under W. R. Gall to complete the
dosign as rapidly as possible., This group sterted to work on January 15,
1948 ond is schedulcd to provide finsl drawings on the tank end its im-
portant contents at verious times between Merch 1 and April 1, 1948.
Other componcnts to be tested in the mock-up will be scheduled later,

The attached sketch picturcs the tank with its principal
dimcnsions but docs not chow any intorior mechanical doteils. The
following paragraphs cutline importont deteils and problems.

Scetions 4 end B: Drawings for these sceticns of the tank
arc csscnticlly complcted and ready for checking., Inside diamcters of
the tonk scetions, inside, cutside and bolt circlc dicmeters of flangcs
ond grsket dimensions orc those for the actual rile in order to teost
occessibility ond other cherccteristics of the joints, Thesc scetions
will bc constructed of steel plote ASTM-H70 fire-box quality, having "
walls., The two scetions will be joined by serrated face steel flanges
ageinst en cluninum gasket 1/2" wide by 1/16" thick, Yhe top plug will
be joined by grocved flanges with ncoprenc rubber gosket. Weter con-
ncetions arc 36" 0.D. pipc welded to the tonk wall and provided with 36"
flanges, In the mock-up the ripe sizc is reduced to 24" 0.D. by a reduc-
ing flango.

Scetion C: The cxpansion joint scction is to be supplicd

B Tt 1 e i e e

Bellows: lotorial, stoinleas stoel type 347
Insidc dienmcter, 50%
Qutside diamcter, 56M
Number of convolutions, 4
Design pressurc, 75 psi
Longitudinal flexibility, 3/16"
Trensverse flexibility, 1/32%

End Flenges:  NMoteriel, carbon stecl
Insidc diarcter, 49-3/4"
Outside diamcter, 55-3/4"
Bult Circle diemcter, 52M
Iiininum thickness, 1-1/4"
Onc flonge te be drilled and tonped
1/8"-9 N.C., 44 holcs
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The other flange dralled 7/8®
dia. 44 holes

Each flange to have a serrated face
between the bolt circle and the
outside diameter

Bellows to be joined to outside edge
of flanges so bolts will be on
the inside,

Section D: This section, made of aluminum 3/4% thick,
is in the final stages of detailing and will be ready for checking in
March, Methods have been developed for attaching the upper and lower
grid support to this section; the former by lugs and dowcls and the
latter by an internal groove and segmented slip rings. Section C is
joincd by mecans of internal flanges and an aluminum gasket using
forty-four 3/4 inch bolts, Scction E. is joined by cxternal flanges and
an aluminum gasket using forty-eight 1 inch bolts:

gix 6" I.D. indentations corresponding to the horizontal
experimental holes in the pile are to be welded into the tank wall and
will be determined by the design now in progress on the beryllium
reflector. For the mock-up, sight glasses will be placed at the faces
of thesc indcntationse. A feasible design for the 1" horizontal pneumatic
tubes is ready for checking. For the 1/2"tubes design is complecte but
drawings have just bcen started.

The advisability of ineluding these pncumatic tubes in the
pile is not yet cstablished beyond doubt, The final dccision may depend
on the rcsults of thc mock-up tests,

Decsign of the grid supports is in progrecss. Mcthods of
locking the grids in plaecc are being dcveloped,

Scctions E & F: Scetion F is in the drafting room and
will be rcedy for checking Morch 1, Scetion E is being laid out and
should be rcady March 5, Scction F is esscntially the same as designed
by Kcllex. It simulates the bottom shiclding plug of the pile except
in depth. Stress calculetions on the load and impact causcd by the
shin-safety rod shock absorbers arc in progress. Thesc scctions are
o>f stecl ond are joinced by serrated flconges snd an aluminum gasket.

Grephite Reflcetor Design

Due to the scrious deterioration of the graphite under fost
neutron bombardment, which necessitatcs protective beryllium slecves
around cach of the bcam holes, consideration has been given to the
possibility of substituting a one-foot annulus of beryllium oxide
pebbles for the graphitc adjacent to the tank. The advantages of such
£, substitution arc listed os follows:
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a) Elimination gf the "replaceable" graphite
ring

b) Elimination pf the beryllium pretective
sleeves

c) Absence of the Wigner effect gn beryllium
oxide

d) larked decrease in the air cemling
requirements

e) Ease of installing and removing pebbles
compared to graphite slabs

The cpmparative high cost of the beryllium oxide pebbles
will be compensated by the elimination ef beryllium sleeves and the
reduced power cost for the air eocling. The results of preliminary
calculaticns of the cooling requirements for pebbles are given below:

Pebble Diameter Pebble Temperature Air flow @ 5,T,P., Pressure Drop

1/2 inch 500% F 3100 CFM 39" HyO
1/2 inch 600° F - 2500 CFM = 26" Hy0
1 inch | 500°F 3200 CFM "17.5" Hy0
1 inch | 600° F 2600 CFM 12.,0" Hy0

Since the heat capacity eof the air is controlling, the air
flow requirement is c¢ssentially independent of pebble diameter. The
prcssure drop, however, decreascs with increasing size ef pcbbles, which
peoints toward the use of the largest size af pebbles consistent with the
casc of removal, The pressurc drop acress the whole system shguld be
kept at 30 - 40 inches to minimize the number and size of cntrance ducts.

Censiderrtion has’'becn given ta the problem of stacking the
graphite in thc sdetion beyond the beryllium exide annulus. 4n isomctric
drawing has been prepered te show qne pessible arrangement and to aid in
the design of the graphite around beam holes, ete, The graphite in this
section so far rcemeins unchanged frem the original conccption.

The questien of hect gencration in the reflcetor has been
reviewed to provide more accurate design data then given in MON P-272,
Vzlues in MON P-272 arc high duc tc the assumption of an infinite slab
souree,
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Design is in prngress en experimental hole liners and
plugs. This involves evaluaticn of types of experiments td be dene,
handling of plugs by coffins, shielding and heat removal. Several
conceptions are developing, but it is ton early to present conerete
proposals,

Kellex Centract

The Kellex Corporation has been preparing Status of Work
Reports and assembling the Design Nntes Files. All drawings have been
completed and will be incorporated in thesc reports. In addition
Kellex is preparing a general repert giving new ideas, opinions ond
recommendetions, Except for the last mentioned repeort, these documcents
will be delivercd to the Tochnical Division prier te Farch 1, 1948.

Contact men have followed, chcocked and assisted in the
work of prepering thesc reports, Individunl idces, concepts and recom-
mendoticns discussed with Kellex personncl prior to their withdrawal
from the projcet have been collected cnd noted for future consideration.

2.2 PBngincering Development (R. B. Briggs)

Scele Formeotion ond Watcer Treatment

Bnough oxperiments have been cemplcted ond the mechenics
of sczle formation ere understoed wcll cneugh to moke possible the con-
clusion of thc origincl progrem of scalc formetion studies within the
next few wecks.s Scoles cre fermed by two mechanisms en aluminum heot
tronsfer surfaces conled with demincrelized weter, onc being the deposition
of aluminum cnd iron from the weter strcam and the other the adhcrence nf
corrosion products., Experiments have been run in which the sceslce formetion
rates were maintained well below the permissiblc maximum,

Two scts of apparatus arc used in thc tests. Both censist
of & stainlcss stecl tank te contain the water, a pump for circulating
the water, cluminum ~nd stainless stcel tubular speeimens heatced by steam
and opersted in porallcl and o folling film cooler for cooling the liguid
beferc it is reeirculated. Rates of totel scale formation arc determincd
by mcrsuring the rete of chonge of the overcll heat transfor cocfficicnt
cs caleulrted from the inercasc in metel wall temperaturc ond the inercesc
in steam-sidc cocfficient nccessnry to meintain o constent heet flux of
500,000 BTU/ft2 hr. The distribution of scale at the cnd of ceach run is
determined by the change in qverall heet transfer coefficient thet occurs
cs the scnle is rumoved froem the coolant side of the specimens. Exten-
scmeters crc used to mersurc the metel wall tempercoturcs as indicated by
the leongth of the speeimen and cmpiricrlly determined corrcleotions of
steam pressurce drop cnd steom-side coefficient permit colculation of

chenges in the stcoem-side coefficient.
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Scale formation rates are expressed in terms of re-
sistance units per day where a resistance unit is 10° x A i and

U is the heat transfer coefficient in units of BIU/(hr) (fgz)-(OF)t

Scale Formation and Water Treatment

Rates of scale formation nf less than 2 units/day are
cunsidercd to be satisfactory. The relative impertance of the two
methods of scalec formation for a particular sct of conditigns is
detcrmined by a comparison of data for the stainless steel and aluminum
spccimens nrperated in the same system. The only scale that forms on
stainless stecl at o measurable rate is deposited from the watcr,

In the aluminum and stainlecss stcel systcms under con-
sideratien the corrpsion rete of stainlcss steel in water is so small thet
the corrosion rete of the aluminum and the resulting concentration of
sluminum in the woter detcrmine the rate of deposition of scalc. Deta for the
PH rauge 4.0 to 7.0 show that the ratc of deposition of scale is less than 0.5
units/dey if the eluminum concentracion is kcpt below 0.1 ppm. JJith
0.18 to 0.22 ppm of aluminum prcsent in the watcr scales formed at ratces
of 5 to 35 units/dey. Such scnles arc gelatinous and transparcnt eond
thick cnough in semc instanccs to inereasc the pressurc drop in the
systcm.

Vith lcss then 0.1 ppm of oluminum in the water the scalcs
that rctard the transfer of heat ore primerily the normal aluminum oxide
films which protcct the surfaccs from corrosion. They form at a ratc of
the order of 5 units/day for the first fow days ond then continue to form
et o rete of 0.1 to 0.5 units/day for en indcfinite length of timc, These
scales arc very densc ond less than 0,001 in. thick so they have no effect
on thc pressurc drop in the system.

Semc work hos heen donc in cooperation with Dr. Newmen of
the Chemistry Division in an c¢ffort to reducc the rote of formation of
the normal sluminum oxidc oxide films by pre-forming o thin, highly
rosistoant £ilm. It hes becn found thet henting aluminum in a 1/2%
sodiun dichromate solution at 125° ¢. for periods es long os 30 deoys
rocsults in o film 0,1 micron in thickncas s~nd with chromium as the
nejor metellic constituont, . The £ilm resists attack by dilute hydro-
fluoric scid cnd its rcsistcnec to flow of heat is nogligible. Scale
fornation rotcs obtoined for o tube treated in thet manncr werc 0.2 to
0.3 units/dry for o period of 30 deys.

In plenning for the cooling of the high flux pilc it was
initially assumcd that the purge ratc for the system night be as much as
5% of the recycle rote. However, rosults of the prescent experiments have
demonstreted thet operetion with less purge should be possible. A test
has boen complctcd under conditions approximating those considered rcason-
oble for the pilc coolent system. Opcration for 26 days ot & heet flux of
500,000 BTU/ft2 hr, an average water temperaturc of 50° ¢, with woter at
pH 5.8 ond contrining stcady stetc concentrotions of 0.005 M Hy0,, 0.05
ppr of iron and 0.08 ppm of cluminum resultcd in scnle fornetion rates of
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less than 1 unit/day. The purge was 1% of the recycle rate and the
make-up water contained 0.03 ppm of iron and 0.06 ppm of agluminum,
It is, therefore, now recommended that the cocling system be purged
at 1% of the circulation rate.

Laboratory testing of flacculation precedures aimed at
renoving a maximum amount of iron and aluminum from Clinch River water
have been completed, It was found that the lowest residuals were ab-
tained by flocculation at pH 6,5 ta 7.0. 'ith alum as the flocculent
the aluminwa residual was O.1 ppm and the iron residual was 0,02 ppm,
ithen "Ferrisul® wes uscd as & flecculent, the amount of iron in the water
romeincd about the same bubt the aluminum content was reduced to about
0,08 ppm.

Tcests are being run with "Permutit!" resins from the Hanford
demincerelizers to determine whethor they will be usable in the demineralizers
cssccicted with the high flux pile. Indications crc thet they will be
satisfoctory. The iren ond aluninum content of the watcer arc reduced to
0.02 to 0.04 ppiie, the sodium content is generelly less then 1,5 ppm and
the avercge specific resistivity of the water is about 150,000 ohms/cm3,

The cepecity of the resins cppecars to be normal,

Vibration of Sub-isscnbly

Investigation of the vibrations induced in the fuel asscmblics
by the high vclocity water stream has been completed with the testing of
an 18 platc osscmbly nade with "combs"™, or spacers, brazed to the ccnters
of the lesding ond troiling cdges of the pletcs, Installation of the
combs madc & maorked roduction in the emplitude of vibration not only at
the cnds of the platcs bubt nlso at the center, The paxinum amplitude was
reduced from 5,0 mils to 0.8 nil at the leading edge, from 2.6 mils to
1.2 mils at thc center and from 2.0 nils to 1,0 mil at the trailing edge.
Amplitudes of vibretion of the side plates remained essentielly unchanged,
Vibration frecquencics wore similer to thosc observed in the absencce of
combs,

Following thc vibration mecasurcnents, the ssscrbly wes run
for slightly morc thon 900 hours with thoe wetcer velocity mainteined ot
30 ft/sce. There was no cvidence of foults in the design or construction
of thc asscnbly,

Thermel worping

Loeboratory investigation of the thermel worping of the fucl
rsscnblics hes been discontinucd with the testing of on 18 plate csscnbly
fobriceted of 28 eluminum. The curved plates of the csscnbly werc hcated
by chromcl strip hoators instelled along the cdges of the plates and heat
was renoved from the asscmbly by sproying woter on the side plates, Tom-
peraturcs throughout the csscubly verce ncasurced with thormocouples cttached
to the pletes end with o probe mede from a hypodernic necedle, Werping of
the asscibly ond of individusl plates wes detcerminced from the change in
position of thc points on thc zcsscmbly as nersurcd from e rofercence stand.
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With o teopersturce differcnce of 35° ¢ between the
outer surfacce of the side plantes and a position on the curved plates
1.5 en. from that surfacc, the curved plqtca bowed 0.005 in. in the
direction of curvature. The conditions correspond reasonably well to
those expected in the pile. The observed longitudinal expansion was
0.025 in. and agreed well with values calculated from the change in the
average temperature of the assembly. No permanent change in dimensions
was observe¢ during tests which included an 8-day thermal cycling test,
involving about 30 cycles.

Plate Buckling in Water Strean

Buckling of the outermost concave plate occurred in the
0ld 12-plate assemblies on being tested in high velocity water streams
because the gap on the concave side of the plate was greater than that
on the convex side. This buckling was caused by Bernoulli forecs re-
sulting from thc greater-than-normal velocity and less-than-normal static
pressure in the large gape. Although buckling has not bcen observed when
testing the latest design 18 plate asscmblies, the magnitude of the pos-
sible pressurc differences has boen calculated and static load tests have
been performed to dotermine the pressure differcences required to buckle
the curved platcs.,

Coleulations have shown that, neglecting the possibility
of & channel with o senled outlet, the maximum possible pressure dif-
ference Scross a blngle plete for a pressure drop across the pile of
30 1b/in® is 16 1b/in® occurring when the concave surface of o plate faces
o channel where an entire cssembly has been omitted. For o more recson-

able but still unllkcly casc, the expected maximum pressure differcnce
is cbout 8 1b/in?,

Measurements of the static pressure differences required
to buckle the plates have been mede using water pressure in asscwblics
with flanged eond boxcs. With assemblics of 2S5 aluminum plotces it we
found thet prcssurcs of 10, 15 and 20 1b/1n2 produccd permancnt roductlons
in the sagitte of 0.000, 0,011 and 0.024 in. respectively ond that the
first concave plate rcv01scd curvature vhen the pressurc reached 23 to 25
1b/in?, gtrain gage measurcments showed thet o stress of 5000 1b/in® ig
rcached at the surfacc of the center of the plete when the pressurc is
]2 1b/in2 end thot the stresscs necar the cdges of the plate arc much
loss thon thosc at the center. Similar tests with an assembly containing
curved pletes with uranium-sluminum alloy corcs and 25 aluminum cladding
gave the same results.

In some of thc tests care wes taken to restrict the width
of the rsscmbly by clamping stecl bars along the sides so as to meke
possible o comparison of the obscrved plate deformetion with the deforma-
tion calculrtcd for this special cese. In onc such cxperiment the maximum
increcsc in Mldth of the asscmbly whs 0.005 in. ond the critical prossure

was 34 1b/in? compered with 40 1b/1n2 colculeted for no chenge in width,
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The maximum increase in width of an assembly with no
side support was 0.012 in. and the critical pressure was 24 1b/in2,

Mechanical Stability of Plates -~ Conclusiongs

The foregoing tests permit the conclusion that the active
assemblies as now designed and fabricated are mechanically stable to a
satisfactory degree,

Testing of Shim-Safety Rods

The shim-safety rod for the high flux pile has four major
componcnts; the drive mechanism, the magnctic coupling, the control
scction with guides and the damper. Testing of the drive mechonism,
guides ond damper designed for the original 12-plete control assembly
arc in progrecss now, os is testing of the latcst design of magnetic
coupling.

The drive mechanism consists of a 10 ft. long, vertical
tube through which posscs a 13 3/4 ft. long shaft. The shaft is guided
by & splinc and driven by o motor through n worm drive to en acme thread
on the top 3 ft. of the shaft. Mcosurcment of somc of the important
choracteristics of the drive mechanism has been complcted. Deta show the
following:

Maximum travcl 32 3/4 in.
Backlesh
YWorm and worn gcer
Angular movement of motor shaft L4 1/2°
Equivalent travcel of drive shaft 0.0002 in.
Splinc o
Angulcar novencnt of drive shafi 1 1/4
Equivelent trevel of drive shaft 0.0006 in.
Total
Angular movement of motor sheft 207 to 22°
Equivelent travel of drive sheft 0,0008 in.
Overtrevel of drive shoft after current cut-off
Upwerd overtrovel 0.11 in.
Downvierd overtravel 0.17 in.

Number of rcevolutions of nmoter after current cut-off
Upwerd overtravel 9
Downwerd overtravel 14

Spced of travel

Upwiard 0.357 in/sec
Downuard 0.368 in/scc

-__-9
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Time required for the mechanism to change direction in
response to a signal will be measured when instruments are rcleased
from other experiments,

The overtravel is greater than the 0.02 inch upward and
0,07 inch downward specified in the design. However, the specd of the
test rod is approximately four times that now planned for the pile. 4
ncw drive of one-quartcr speed is being made up and it is belicved that
the overtravel will then be rcduced to a satisfactorily low Fralus,
In the most recent design a worm drive has been specified which should
reduce the specd and overtravel to 25% of the values rcported here,

A horscshoc magnct with laminated pole corcs and a solid
armaturc is thc latest coupling design. Coils formed arcund cach core
contain a total of 7400 turns of #24 ga copper wire with a total rosistencc
of 200 ohms. i/hen made with SAE 1010, annceled steel, pole corcs the
magnet is designed to suprort o load of 1100 1lbs, with on effective air
gap of 0,015 in. and 200 milliamps of current flowing through thc coil,

The normal loed will bc 570 1b, and it is rcquired that thc load be
rclecascd within 30 milliscconds after the rclcesce is signnled.

The megnet fabricated for testing wes not made cntircly
cecording to spccifications. Laminac for the pole cores werc made of
SAE 1020 stecl; difficultics cxpericneed in winding the coils limited
the total number of turns to 7010; asscmbly techniques were not well
developed enough to reducc the internal eir geps below con cstimated
0.010 in. Howcver, deta show that the supporting power of the tcest magnet
is adcquate,

Tosts ere mede vith the magnet bolted to o structural stecl
support, Fostoened to the ormoturc is o bucket which can be loanded with
o8 much as 400 1b, of lcad. Additionzl londis provided os live lond by
o lever system ottoched to the bucket with springs ond loaded with lced
veightse, Shims of mica screrate the armaturce from the megnet simuloting
thenon-nagnetic material thatyill be used os o corrosion resistant coat-
ing for the steel. The thickness of non-magnetic matorial will be adjusted
to provide odoquate protection end mininmum rclcasc time so some date have
becn obtnined for shim thickness from 0,001 to 0.010 inche A shim thick-
ness of 0,003 in. is thought to be the mininum rcasonablc thickness so
nost of the data are obtainced with 0,003 in. shins,

Pertincent rosults cre reported belows:

Supporting Power vs, Currcent for 0.003 in. Shin

Current - millicmps 0 40 80 120 160 200

Mox, load - lb. 0 170 560 850 1000 1020
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Supporting Power vs. Shim Thickness for Current of 200 Milliamps

Shim Thickness - Inches 0.002 0.003 0,005 0.008 0,010

Meximum Load - Lb. 1050 1020 960 870 810

Relcese Current vse Load for 0,003 In. Shim and
Initial Currcent of 200 Milliamns

Load - Lbs. 850 600 450 300 150

Release Currenh - Milliamps 75 38 23 15 5

Meosurement of rclease time and rconlization of a satisfactory
relecse time have both proved to be troublescme, The relcase time is
determined by mcasuring the intervel betwecen the signal to relcasc and
the making of & contact after the magnet fells a moasurced distance,
usually 0,002 to 0,010 in, Originelly this timc was mecsurcd with eon
RCA microsecond timer but the rcsults proved to be so crratic that a
G.E., rncchanical oscillograrh has been substituted for the timer. Treoccs
nade by light rcflceted from two galvenometers crc recorded by o conere
to show the deeny of veltage or currcnt in the circuit and the relcesc
tinc supcrimposcd on o time trace from en oscillator,

Power is supplicd to the magnet from an clcctronic circuit
like that proposcd for the pile, 4 stcady voltege of 10 volts is fed to
the circuit to simulate the signel from the ionization chambers., As the
voltage incrcescs to 24 volts, indicating an increcase in power level, the
current to thc magnet deercescs from 200 milliemps to zero. In the first
tests the incrcasc in voltnge hes been instrntoncous and the following
results hove becen obtoincd:

Effect of Parallel Capacitance on Releage Time

200 Milliamps - 0.003 in. Shim - 610 Lb, Total Load

Capecitance, farad 0 0.25 1 A 2 10
Release time, millisec, 43 to 51 37 to 42 34 to 39 31 to 38 53to055
Current decay time, millisce. 1.5 10 —— -—— -

7ith no parallel cepoecitance, a 0,003 in. shim, 610 1b. load
and 80 millismperes currcnt, the relense time is 29 milliseconds, Uith no
parallel capacitence, o 0.0G10 in. shim, 610 1b, load and 140 milliacmperes
current the releasc time is &€ millisceonds.

Although this last result is very encouraging, dotr hove been
obteined for only onc such test so the relcasce time mey be in crror,

S
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Preparations are now being made to repeat some of the
tests using a laminated armature and to feed the simulated signal
from the ionization chamber with periods varying between 10 and 50
milliseconds thus providing a closer approach to pile conditirns,
It is oxpected that these changovs end possibly some dncrease in.
shim thickness over the present 0,003 in. will result in a relcase time
of lcss than 30 milliseconds.

Testing of the shim rod guides and damper is being accom-
plishced using & 10 in, pipe column containing a stainlcss steel mock-up
of part of a control clement, Fall of the clocment is guided by standerd
guidcs and is stopped by a stondard deomper., ‘loter flows through the
asscmbly with o pressurc drop thet can be rcguleted between 0 end 50 1b/in
The position of the rod as a function of time of fall is recorded using
the G.E. oscillograph., Contact is made between a point on the rod and
stationary points at measured distances along the path and a record of
thosce contacts is plctured on the camera film. The pressure in the dash
rot is messurcd and rocorded using o stroin gage pressure transmitter and
a Brush recorder, :

2

A comparisonzof design end measured characteristics for a
pressure drop of 40 1b/in® across the rod shows the following:

Design Measured
Fall, in, 30 7/8 30 7/8
Initial Acceleration, g A A
Maximum velocity, ft/sec 22 1/2 16 to 20
Velocity when Plunger Contacts
Bottom of Dashpot, ft/scc 21/2 3 1/2
Maximun Pressure in Dashpot, lb/in2 475 238

Since the acceleration required for control purroscs is 1 g,
the differencc betwecen the expected and measured maximum velocitics is
unimportant. The difference results from frietion in the guides, forces
opposing the nassage of the high velocity rod through the water flowing
at low vclocity bclow the shim rod and, in the cxperimcntal apparatus, to
a reduction in pressurc above the rod as it falls and air cxpands to £ill
the sracc vaccted by the rod,

The maxirmum pressure in the dash-pot was found to be 50%
less and the kinctic cncrgy trensmitied to the water 20% less than was
calculeted from dceeleration doate. This suggested that the plunger was
seraping cgainst the dash-pot and when thc apperctus wes dismentled,
scratches werc found on the side of the plunger to support that explanation,
The scrotehes moy hove resulted from o misclignnent of the mock-up parts
or from movement of the rod during its fall, The damcge wes not scvere and

did not appecar to hinder the operation of the rod,
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Examination of the guides revealed no faults or vear,
Their operation arpears to be satisfactory.

4 complete shim rod is being assembled for testing«

Pile Mock-Up

Work on the Mock-up for testing the hydraulics and the
mechanical operability of the high flux pile has rrogressed to the
extent that the structural design and the design of the water system has
been com-leted., Materials are now being procured for that part of the
project,

Design of the pile tanks and internal elements for the
Mock-up is about one-third completed. Procurement of some itens hes
begun.

Purther liork

With the issuing of this report, many of the heretofore
doubtful features of the pile design have been justified experimentally.
A few additional itens rcmain to be investigated. Of thesc the pile
mock-up, mentisned in the previous scetion, and the regulating rods are
the most imrortant. &dditioncl work on the magnets olso will be required,

2.3 Corrosinn

The prrblems of corrosion connected with the high flux
pile are solved in all their criticsl aspects and the work reported
this quarter bears mainly on questions of improving an already satis-
factory situation. The only condition in the pile which is expected
to lead to serious corrosion if not carefully controlled is the junction
between the beryllium and the stainless steel., Serious effects here can
be avoided by making the beryllium massive and by limiting the number of
such contacts, The experimental work during this quarter was carried out
under simulsted pile conditions (85° C, pH 6.0 - 7.5, and hydrogen peroxide
.0005 or .005 M). The principel item @f investigation was the use of
sodium nitrote as an inhibitor.

Beryllium

The corrosion resistance ¢f extruded beryllium is improved
by the use of 3 - 4 ppm of sodium nitrete os an inhibitor. The penetration
rate end pitting atteck rre both most cffectively reduced by this inhibitor
present in this concentretion,

Tests of @ Process beryllium crc crratic and sodium nitrate

is not zn inhibitor for this mctal but sodium dichromete appcars to have
some inhibiting effcet,

-
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4 beryllium cylincder cocted with aluminum by dipping in
molten metal showed an overall corrosion ratc of 0,06 mil/month with
pit frequency of 10 per sg. in., Maximum pit depth was 9,3 mils. One
pit at the interface between aluminum and beryllium on a machined end
had penetrated along the interface for a depth of 50 mils. ‘hen the
aluminum cladding was penetrated, thc attack of the beryllium was ac-
celerated.,

28 Aluminum

Tests of this material show 3 - 4 ppm of sodium nitrate
to be optimum inhibitor concentration, but the reduction in penetra-
tion rate is only slight.

Specimens, ss anodized by Reynolds Mctal Compony, show
only negligible attack., The use of such protcction depends upen the
feasibility of ancdizing o fucl rod asscmbly and the effect of radiation
on the enodized film,

Tusts conducted on full size 28 eluminum plates, in three

ocnd scven plate asscmoiics showed negligiblc attack of plates or brazed
joints.

Aluminum Allovs

Tests ef 43 casting rllay show sodium nitratc, sedium
pyrophosphatc end sodium dichromate to be ineffective in inhibiting
the corrosion of this olloy. Tests of 528 elloy show morked increcse
in resistence vhen the meéium is circuleted at n velocity of 15 ft/scc.
Under such conditions the peactration ratc is of the order of 0.07 mil/month,
At higher vclocities (30 ft/sce.) it is 0,15 mil/month end under strtic
conditions 0,80 mil/mo.,

28 Aluminum - 347 Stdinless Couple

In such couplcs the aluminum is ottocked preforentinlly
ond the stninlcss is attrcked only ncgligibly. The maximum inhibiting
cffeet of sodium nitrstc upen the attack of the sluminum is cobtaincd ot
5 - 10 ppm. The pitting attack is scvere in @ll cases ond occurred pre-
dominahtly ot the ¢xposcd surfacc cdjacent to the outer edge of the
cluminum-steinless interface. The application of o thin lryer of zine

(4.0 x 107”) to gluminum by trcatment in o sodium zincate solution has
shown results thot orc gquive fevorable, The 28 ~luminum wes still
rnodically attrcked but not necariy so scvercly os when no zinc layer
was applicd. Attoek of the stainless wes still ncegligible. Pit depth
was not reduced but count wrs reduczed by a foctor of chout 10 as was
pcretration rate.. This is so far the most successful mothod of pro-
teceting 2S aluminum cgrinst corrosion when in contect with steoinless
steel, T

S
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3. 25 Separations Process Design and Development

3.1 Design Progress (J. R. Huffman)

Design work in the 1200 Area reached the preliminary
process design report stage during the past period. The first rough
draft ef the report has been prepared and reviewed. 4 total of twenty-
nine memoranda to the 12-1300 Arca Design File and a total of forty-
three drawings have been prepared for the 1200 Arca design. These
drewings end rcports present the first overall concept af the functions
and scope of thc 1200 Arca. In view of a change of design basls, and
in order to incorporatc pertincnt deta relating to the chemistry and
cquipment performence for the process, revisions to many phascs of the
first design must be made before detriled design by an outside contractor
can be undertoken.

The major changes to be made in the design of the 1200 Arca
before the completion of the process design report arcs

1) The meximum capecity of the main processing line will be less
then 60A grems of 25 per day. The originel spccification of a
copacity of 600 grems per day wes brscd on the assumption that
the plent would scrvice 3 piles: the high flux pilc, the
Donicls! pouer pile ond onc other vhich, it wes sssumed, would
probobly be built somevhere in the United States within the next
10 yecors. It is now bclicved thet the depletion of the R
content of the high flux pilc ean be crrricd to 15% instead of
10% as previously assumcd rnd thet the building of two other
piles in the ncxt 10 youers is very doubtful. The question of
proper design cepocity is thus cgein thrown open for redceision
by the AEG.

2) For the prescnt the chemicsl flowshects will be changed to 2 bosis
of 240 grems per day (two cighth-pass fuel osscmblics) with chem-
ical processing steps and conditions in eccordance with the best
known chemistry to date,

3) Thc process cquipment flowsheets will be rovised to show all
pertinent cquipment, scrvice, lincs, and freilitics.

The design status of various phascs of the 1200 Arca as
prcgented in the first writing of the design report is outlined in the
following paragrephs.

The spent fucl asscmblics for the pilc arc to be cooled for
approximately 130 deys before processing in the 1200 Arca, vherc three
vecks will be rcquired to decontaminate ond rccover the 25 for procgssing
in the 1400 4greca, An overall fission product decontaminction of 10° apter
cooling, and o Pu decontominetion of 104 must be eccomplished, clong with
o 99.9% rccovery of 25, Spent shin-safcty rods containing 25 will be pro-
cesscd in the same cquipment under identicel chenistry conditions.

=
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The sizes ond general function of all pieces of equip-
ment for three extraction cycles for irradiated 25, for solvent
treatment and recovery, and for processing cold reject assemblies
from the 1400 Lrea have been discussed in numbrous memoranda to file,
The chemistry of the process is outiined in chemical flowshects
TD-366 through TD-368; process cquipment and main flou diagrams arc
shown on TD-362, TD-370, TD-372, TD-28l, and TD-364. Drawing TD-421,
a master flcushcet showing the entire 25 process, will soon be issued.

The cstimated a@tivity contained in one 25 fuel asscmbly
after 20-day irradiation in the pile opcrated at 10 kw/grem 25, ond
after 150 dsys cooling iss

Totzl curics 17,000
Tetal gemma wotts 57
The cstimated cctivity lovels in various process strcams

bascd on 2 batch contnining 2-1/2 fucl asscemblics (i.c., 300 grams of
25) arc tabulated below:

lst cycle dissolver product 500 curics/gal.
1st cycle cqueous reffinate 320 % "
2nd cyclc column fecd 1.4 " "
2nd cycle aqueous reffinate 1.1 "
3rd cycle column fced 0.14 % "
3rd cycle cqueous reffinete o.01 ¢ "
3rd cycle stripping preoduct 3 x 1072 »

Proliminery study of the problem of cquipment and cell
deccontamination has been made ond a droving, TD-416, issucd showing
schemetically the system for tenk ond cquipment decontamination, Three
cycles of decontaminction werc eonsiiercd, graded in rccordance with ac=-
tivity lcvel. Decontemination acid will be used countcrcurrently through
the equipment, cnd then fed to the agsenbly dissolver unless crud removal
is complicated thereby. Such o procedure would ncke uranium recovery fron
decontanination acid unnccessary,

Selvege facilitics for the recovery of 25 from westc materinls
have becn outlincd on the besis of rether uncertrin ecstinntes of the type
rnd quantity of uranium-bearing westces. Threc cells in Rldg. 1205 have
been rssigned to snlvage operationss Drowing TD-386 shows equipricnt for
salvage schemoticnlly,

At the prescnt timc, the behavior of NpZ:)"7 in thc extrection

process is very uaccriain. For this rerson, no provision has been made for
Np rccovery in the present design concepta

The woste collection snd storoge system for the 1200 Area has
boon combined with those of the 17000 and 1300 4rces. The ccrmbined waste
systen hes been designed to prevenc loss of fissirnoblc materisls from ony
of the process crcas, to provide sdequote storoge cepreity for radioactive

Y
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waste solutimns, and to provide facilities for the controlled disposal
of radiocactive wastes. The 1200 and 1300 Areas will be provided with
sixteen 10,000 gallon stainless steel ccllecticn tanks where all low
activity level waste streams will be collected and analyzed before
disposal either to sterage, uranium salwge, or to the tank farm neutral-
izers pricr to disposal to the retention pend, The waste stcrage system
will consist of (1) twenty 30,000-gallen, six 10,000-gallon, and six
5,000-gallon type 347 stainless steel tanks fer radicactive westes; (2)
seven 35,000-gallen concrete-mild steel lined tanks for storage of con-
centrated wastes containing smell quantities of activity; and (3) five
100,000-gallion mild-steel lined tanks for the same purpose as the 35,000
gallon tanks. BFEstimated volumes of waste streams discharged from the
1200 and 1300 Arecs are shown on drawings TD-388, TD-418, and TD-419.

The weste disposrcl system will include two 7,000-gellon
neutralizers and one evaporator in the tank farm, plus two eveporstors
#nd one neutrclizer to be used in crse of rn overload on the tenk form
system located in the 1200-1300 collection tenk nrer., A retention pond
consisting of six 1,000,000-gsllon bays, constructed of concrete will be
provided for the use of the entire 1000 project. The combined wrste
system is shown schemeiicelly on TD-420. The crpreitics for waste col-
lcetion ond stornge outlined above crc brsed on processing 600 groms 25
per dey end 16 kg Th/dcy for 365 deys per yerr,

4 centrel leboretory will serve thce 1200, 1300, 1400 ond
weste disposcl arces. A onc story U-sheped building is plnnned. Feacil-
itics will be installicd for generel chemicel cnelyses, ccetive chemical
rnelyses requiring shiclding, mrss spcctrogreophic determinetions on
uranium, cnd counting. The cucstion of the numbcr of mass spectrographs
requirced hos not been decided, Studics of thce number of samples to be
proccssed, the number of perscnncl required, rnd preliminary exhcust
hood roquirements hove been mede. The leborctory building is shown on
TD-384.

The cancl for storage ond cooling of 25 fucl assemblies,
shim srfcty ond control rods, ~nd 23 production rods heos received only
bricf considerction. It is estimcted that o ennel 150 feet long by 10
feet wide and 20 feet deep with approximatecly 16 feet of water will be
required., Handling and sawing facilities have not been investigated.

Three canyocn concepts for Building 1205 heve been developed
and are shown on drawings TD-415, TD-402, and TD-403. Conccept #1, shown
on TD-415, similer to Hanford canyons, has been favercd during prcliminary
discussions. Four studics of a building in which the Buildings 1205, 1305,
1405, 1706, change h-usc, mechonical and instrument sheps, and cffices rre
combined have been madej; the drovings arc now in the process of being
checked. lall thicknesses Tor shiciding het cells have not been eccuratcly
detcermined, but the fellowing wiil thickncsses have been cstimeted:

&' conercte - Dissolvers through first cycle
extreetion eclls

5t concrete - Sceond cyele cxtrection, het scetion
of solvent rceovery, hot selvage eclls
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2" concrcte - Third cyclc cxtrretion, cold
solvent distilletion ond
storage

Normel wall - Fourth cycle cxtrection precip-
thickncss - itetion ond ignition arerss

General site plen and security requirements heve been con-
sidered »nd heve been reviewed in the Fepsibility Report on Clinton High
Flux Pilc, Mon T-433, issued on December 1, 1947.

The ventilation roquircments of hot cells, gencral building
crers, and the westc storege ond disposnl system, heve becn studicd., A
memerendum discussing these roguirements will soon be issucd. The cxhrust
air fan hcuse and stock heve bheen given very little consideration, Venti-
letion of varicus arcrs 1s summerized below:

General cperating end office arca 7 changes/hr.
Hot cells and pipe tunncls 15 chnnges/hr.
Seme lab rocms with hocods 20 - 60 changcs/hr.

A totel »f approximetely 329,000 cfm cir will be required fer
the combined 1200 snd 1300 srecs, with 120,000 c¢fm of this being discharged
from the stack.

Commen service buildings will serve the 1200, 1300, 1400,
and waste disposal zreos. This group will include » chemical storage
building (TD-392), a mechenisri ¢nd instrument shop (TD-400), end o change
h use (TD-401). 411 building: wiil be single story, fire-proof structures.

Hervy isotope production, 25 recycling, ond 25 inventory in
the 1200 rcrec concl and proccssing arco hove been reviewed in the Foesi-
bility Report.

Service rcquircments such as steam, compressed air, filtered
watcr, deminernlized cooling water, building vecuum, and electrical power
requirements, hove been revicwed and summery roports written to the 12-1300
4rco Design File,

3.2 Laboretory and Scmi-liorks "25" Develcpment

3.21 General

A 25 rceovery process which has so fer provided setisfectory
fission prcduct decontaminotion and urenium reccovery hes been developed in
the Laboratory cnd Semi-vorks and is now in the pilet plent develcpment
stage, This proccss, vhich fcllows after the ueed pile esscmblics rre
cooled 145 days to permit decay of the chemicelily-insepearable, cctive 7-day
U isotnpc, consists of dissolving the ursnium-sluminum csscmblics,

SR
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filtering, if necessary, to remcve inscluble materials from the dis-

solver solutinn, and extracting and decontaminating the uranium in two
continuous hexone extrection cycles, in which e fission product decon-
tamination factor of 102 is required. The aqueous phasc in both extraction
cyclecs is 1.3M in Al(NOB)B, 0,05M deficient in HNO3 (pH :‘1.8) ond ccnteins

the rcductants, hydrazine (0,1M) end ferrous emmonium sulfote (0.05M).
A1l cperetions to this point must be cerried cut behind messive shielding
in ¢ Yeznysn." An cdditicnel sclvent extrecticn cycle is then carried
out behind thin shielding for final purificotion end concentrati-n of the
urrnium. Ammonium diuranatce is then precipitoted, and the pure uranium
salt is converted to Uz0g for metallurgical reuse,

The investigetion of process variables is being pursued in
the laboratory ond semi-wcrks, and process medificaticns ere continuelly
being mode as the improvements are demonstreted. Significant process
devcelepments of the last quarter arc as fcllows:

Laboratory wrrk cn separetion of neptunium,

o desirablc precess by-product, show that it

can be sotisfretorily extracted if the aquerus
pH is 1.2 or lower and if the tctal hydrazine
concenvration is increased s-mewhat. It is nct
vet kn-wn whether fission product deccontaminatincn
will bc satisfactcry under thesc conditirons.

In first cycle semi-works cxtraction, changing
the continu~us phase from agquesus t» orgenic
caused the urenium loss to incrcase frem 0.01%
to 0.06% and thcrefrre the H.E.T.S. to increase
fron 1.4 to 1.7 fcot, but did net affcet fis-
sion product decontemineticn. This confirms
previzus scouting werk,

Second cycle scmi-works deceonteminatisn foactors
ronge from ns 1ow as 20 or 30 to as high as 500,
being dopcndent even ot moximum scmi-works'!
radietion levels on the rceletively low activity
of the feod, They erc, thercforc, ninimum valucs
which may be excceded in operation at higher
lecvels of cetivity. Leboretory experiments show
that thc sceond cycle decuenteninction may be in-
pravcd if thc aquerus HN03 ennecentretion is about
0.1 or 0,2 milar, which is in contrast to findings
for the first cycle, where o slight defieicncy of
HNO3 (-0.05M) is optimum.

In the ncxt querter, semi-works demonstration of neptunium
rccovery will be mnde. Alss dote on the plutonium decrontenination ob-
tained in the solvent oxtreetion cycles and -n the effeectivencss ~f diphonyl
thiourca in promcting decontemineti-n of rutheniunm, the most difficultly
renovable of the fission rroducts, will be fortheoening. In the Icboretory,
the stebhility of the hexonc sclvent in the Red 'x process under process
levels of radiction will be tested, thc cctivity source bcing either a

T
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laberetory-dissclved solutisn of Hanford-irradiated metal or scme
Hanford metal sclution from the pilot plent dissclver, Previcus tests
at cther conditicons have shown no gross decomresition at such radiation
levels, but, at the request of the Redox rerple ~f Henf rd, this m-re
careful study will be made under actuel yprocess conditicns,

3.22 Flowsheet Changes

No flowsheet chonges were made in the last quarter, but a
higher trtal hydrazine content in the extracticn cycles (at least a sum
tital -f 0.2M in both phases) and an adjustment in aqueocus acidity (from
pH of 1.8 to ca. 1.2) are being considered tc make possible neptunium
recovery. Also, the acidity in second cycle extracticn may be adjusted
tc a few tenths free I{NOB rather than to a 0,051 HN03 deficiency’ since
laboratory tests show that second cycle decontamination is improved at
the higher acidity.

The use of "bare" sclvent extraction cycles, that is, cycles
centaining neither <xidizing, reducisg, ncr cemplexing agents may prove
to be adequate; since, with neither oxidizing ncr reducing conditions,
complete clean-up of acvivity has been obtained in semi-works and prelim-
inary pilut plant runs with Clinton-slug activity. The necessity for such
reducing agents can only be shuwn in the coming pilot plant Hanfrrd-slug
activity runs, Of course, in such bare cycle ~peration there would be no
great neptunium reccvery cor piutonium decontaminaticn., H-wever, neptunium
recovery may nct be desired il larger quantities are separated in the Fed-x
prccess; if they are nct, neptunium mey be obtained in the 25 process by
addition of a suitable cuomplexing agent. Tubonium decontamination in the
25 canyon extraction is of 1little consequence, since there is little
plutcnium present and it mey roadily be removed in the laboratory clean-
up steps. The reducing cunditions may be required in the pilot plant
extractions with Hanford metal to dirzct the relatively large quantities
of plutonium into a single waste which is to be st-red in a special tank.

3.23 Metal Solution

Eemote Control of Concentrations. Simple methocls for
empirically determining Al(Nog) and HNO_ concentraticns in the dissolver
solution or hot process feed so%utians uéing measurements of pH and
specific gravity have been developed in the laboratory. The work of
J. B. Chrisney, formerly =f the Chemistry Divisicn, who first determined
the relationship ¢f pH and specific gravity tc Al(NOB)B and HNO3 cone

centraticns in the system 31(N0;)5 - H,0- HNO5, has been extended to include

acid-deficient Al(NOB) sclutions containing uranium, Nemographs and
graphs for the determinati-n ~f the 21(NO3)5 and HNO3 concentrations in

these solutions have been prepared and are available upon request. A
report of this work will be issued soon,
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Semi~iicrks Demonstraticn, Installation of o ccld semi-
werks scale dissolver to demconstrete accurate remote adjustment of
acidity and Al(NO3)3 concentration by pE and specific gravity:
measurements is now complete.” 4 scouting run, made mainly to pain
femilierity with the opsration, showed that finel dissolver solutions
which are HNOB—deficient are easily attainable.

3.24 Crud Removal

The possible deposition of "erud" (cosgulated fission
products, dissolver corrosion products, silica, and other insoluble
materials) in exiractiocn column packing, thereby rendering the columns
inoperable, has made necessary a process provision for removal of the
"erud" by filtration. As z conseguence of this laboratory work, MnO
was chosen as & filter sgid, and in subsequent small-scale semi-works
tests, a procedure using cc-formed MnOp, a pcrosity "G" stainless steel
filter mediwm, and a preformed MnO, precoat 1/4" in depth was cutlined
for pilot plant cperation. However, in pilot plant operation, filtration
rates dropped during filtretion to excessively low values, both with and
without the use of InG, filter aid, and mede necessary cleaning the filter
twice during the filirc:tion step., Iaboratory werk was therefore resumed
to develop better conditions for the use of N0y g5 a filter aid, either
as the co-feormed or preformed type.

4s a result of this laboratory werk, the use of commercial
MHOQ, screened to rem-ve pariicles less than sbout 40 microns in size,
appears much more attractive Lhan the use of MnO, precipitated in solution
under the best known conditiors, Considerebly faster filtration rates are
possible with the screened Mi‘u’.}? btecause an "E'" porosity sintered steel
filter medium may he employed instead of the finer "G!" porosity required
for the co-formed Mn02 Uranium pold-up on the commercisl Mn02 is neglig-
ible, being 0.16 mg. of uranium per gram of lMnOs after five washes with
an amount of wesh just sufiicient to cover the preccat. This hcld-up is
one twenty-fifth that on cc-formed I\"VDOQ after much more washing The
commercial MnOp greatly retarded plugging of filter pores by 51110a-
eluminum suspensoids. To further minimize filter plugging, it is recom-
mended that additionel screened binOy be added to the solution in order to
build up a cake which conteins proportional amounts of in0O, gnd dissolver
insolubles.

3.25 BSemi-Jdorks Column Operation

Semi-works column orerstlon was slowed down in the last
quarter by extensive equipmen® alterations. The first cycle columns
vere modified to mgke possibie operation with either phase continuous,
and to allow tne testing of diphenyl thiourea as a specific ruthenium
complexing agent in the stripping column. The tempcrary second cycle
columns are now being replaced with new, more permanent columns.
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Decontaminatisn and Urapium Recovery rith the Orpanic

Phagse Continuous. Four first cycle extraction runs with the sclvent
phase continuocus yielded a slightly higher uranium H.LE.T.S3. but es-
sentially the same deconteminatisn when compared with the previous
aqueous phase vperation, (H.E.T.S.: 1.8 vs, 1.4 feet, correspending

to 0,05 vs. 0.1% U loss; gamma deccntamination factor about 2 x 107y,
The columns may be run with either phase ccntinuous with equal facility,
but 211 future runs will sgoin be made with the agueous phase rather
than the orgsnic continucus becsuse of its higher extraction efficiency.

In the last run of the series with crpganic phase centinucus,
eliminating the scrub feed but correspondingly increasing the extraction
feed rate to maintain the same aqueous to organic ratio in the extracticn
secticn reduced decontamination by a factor of four, thereby giving some
indication of the amount of decontamination effected by scrubbing.

Second Cycle Tecontamination

4 review of reported second cycle results to date shows
large variations in the gamma decontemination factors (from as low as 20
to as high as 500 even under similar run conditions). These variations
may be expleined by the fact that since essentielly complete clean-up
of activity is being obtained in two solvent extrsction cycles using
Clinton-slug activity, the indicated second cycle gamma decontamination
factors are very dependent on the sensitivity of the detection methcd
employed. For instance, in semi-works operation, deconteminetion factors
have never been more than about 30, based on ordinary counting meassurements.
However, the factors on these seme sclutions have been shown to be as high
as 500 if the activity is concentrated 40-fold and measured in an ionization
chamber. The gamma factors may therefore be even higher if more sensitive
counting methods are developed or if a higher level of activity is employed.

In connection with second cycle decontamination, laboratory
studies have shown the beta decontamination factor to increase from 40 to
90 as the acidity is increased from a 0.05M deficiency of HNO3 to a 0,1M

free HNO3 concentration (aqueous phase is 1.4M in 41(N04)3, 0.1M in NoHy,

and 0.05M in Fe*y, This variation in the beta decontamination is only
indicative of the variation in the more important gamma decontemination,

but the beta measurements were made, since with Clinton-slug sctivity too

few gamma counts are present after a second cycle extraction to he accurstely
detected, Nevertheless, on the basis of these experimente, the second

cyele acidity will probably be adjusted to asrouad 0,1M free HHO,, 7Tt is
important tc ncte that these low factors together with the first cycle

gamma decontamination factor of ebout 2 x 103 bring the overall two-cycle
gamma factor up to or past the required value of 105‘

Future Column '.ork

A series of runs is now undervay to cdemonstrate a means for
increasing ruthenium decontaemination by complexing the ruthenium in the
organic extract with s-diphenyl thiourer in order to hold the ruthenium
in the organic phase in stripning. These runs are of a scouting nature




g ~25- ORNL-&

and are part of a program to investigate methods to mske possible a
one-cycle extraction grocess vhiech will yield the required canyon
decontamination of 107, 1150 this complexing procedure, if promising,
will be available for the present two—bycle’grbcess if needeg (ruthenium
activity now constitutes about 85% of the .Jactivity present in the
second cycle feed). Laboratory cold column operation has already shown
that the use of diphenyl thiourea in the stripping column does not cause
excessive crud formation and that complete removal of the uranium can
still be effected without difficulty. A4fter these runs, the use of
sulfamic acid will be tried as a holding reductant in place of hydrazine
because it is less hazarcdous than hydrazine. Runs to demonstrate neptunium
separation and plutonium decontamination will then be made.

Seni-orks Hexond Pretreatment and Recovery

During the guarter the semi-works continued to gather data
on hexone loss over the recovery process. The total average loss over both
washing and distillation steps for the last 35 recovery runs has been less
than 10%.

The problem of recovering hexone containing large concentra-
tions (about 0.1N) of hydrazine and diphenyl thiourea (DPT), and therefore
ruthenium activity sincs IDFT is used as a ruthenium comnlexing agent, is
holding up further hezuvne recovery. The only method found to date for
satisfactory decontamination of this hexone is steam distillation from a
caustic heel (various washing procedures are ineffcctive), but concentra-
tion of the activity In the still bottoms makes this method impractical
in the present eqguipmont, New shielded distillation equipment with
facilities for easy removal of the hot waste is now being installed.

4 brief study of the hexone evanorstion loss from 55-gallon
storage tanks revealed that 0.2 pound per hour evaporates with moderate
suction on the tank vents,

3426 Lahoratory Decontamination and Distribution Studies
of Neptunium Separation

It wes discovered that in an oxidized first cycle, employing
dichromate as the oxidizing agent, separation of any neptunium as a nrocess
by-procuct is not possible because, at the low acid concentrations necessary
for adequate decontamination, the dichroemate will not oxidize Np to the
extractable Np+6. But the reduced neptunium can be complexed and extracted,
for instance with hydrazine, which is used also gs a reducing agent, How-
ever, in this report period it has been found that hydrazine complexing alsc
becomes less effective with decressing aciditv. As may be seen in Fig. 2,
the pH must be about 1.2 or less to provide a satisfactory neptunium dis-
tribution coefficient, The effoct of hvdrazine concentration 1s such that
if it is lowered, the pH must also be lowcred to maintain a satisfactory
distribution coefficient. For instance, if the total hydrazine concentra-
tion (sum of the molarities in both phasss) is lowered from 0.5 to 0.12M,
the extraction pH must be lowered from 1,2 to 0.85 to maintain the minimum
desired neptunium distribution coefficientof 1. Thus, it appears that the
process pH will have to be decreased from 1.8 to around 1.1 if some Np
separstion is to occcur. This change will be made only if fission product
decontamination is satisfactory at the lower pH. .ork is also underway
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seeking a mere desirshle comnlexing agent,

Uranium Comnlexing —ith Tihenznvl “ethane

Dibenzoyl methane is cne of the various uranium comnlexing
agents which are being investipated as they hecnme 'n~wm for the rnossi-
bility of improving uranium-fission nrocduct seraration, V¥owever, dibenznvl
methane is not promising beceuse, althourh it increasses the urenium dis-
tribution coefficient (3 to about 8 --org./ag.), it also increases fission
product extrection so that there is 2 net loss in uranium-fission rrnduct
separation,

Lffects_of Hexcne Imvurities on Trenium Txtrection and
Decontamination

A4 study of the effects of the gmall smounts of Srrmrities
present in commercial hexone, i.e., mesitvl oxide (N,2 to N,77%), mesitvlene
(0.05%), and methyl isohutyl carhinol (0.2 to 0.3%), on *he ursni m Ais-
tribution ccefficient and fission nrocduct decontamination is in vroeress.
Preliminary findines using cerium tracer and a non-rediced feed shaw that
the impurities in the listed concentrations have J1ittle or no feleterious
effect on deconteminstion., However, uranium distritntion is imnroved
somevhat (25% or so) by removel of the mesitvlene »nd mesitv] oxide. Tt
is planned to evaluate these effects under nresent flowsheet reducing
conditions,

FPor detection of these imrurities, the recnecins strensth »f
the hexone was found to be indicative of the rresence nf either the
carbinol or mesityl oxicde, The mesitv]l oxide content mav he evaluated
by determinine the bromine numbher of the hexone. Pe“ractive indices were
of little vaslue in detecting these imrmurities.

Laboratory Column Studies

In & 1l-inch lahoratory glass column nacked with 2/16 inch
Fenske rings, a scouting studv has heen made to determine the derendence
of the uranium H.E.T.S, o (1) £1(W03) 2 and HM0, concentrations,
(2) phase flow ratio, (3) total flovrate, and (4) interface nosition
(aqueous or organic phsse continuous). The resnltg are summarized as
follows:

1) At a flovw retio of one with the interface at the top of the
column, the H,%,7.,2, incressed from ahout 0,9 feet to0 5,2 feet
when the AI(NOB)g concentration =rs incressed from 1,2M to 1,8M,

2) An incresse in acidity raised the W,TW.7,8. slichtly, an effect
7

é
which was nullified because the uranium digtritution cnefficient
also increased,
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3) Varying the flov ratic from 0.1 to 2 (org./ag.) had the
effect of decressing the H.L.T.S. if the aqueous was con-
tinuous and incressing the H.L.T,3. if the organic was
continuous, the magnitude of these effects being small except
in the region of flow ratios lower than 0.5.

4) TFor flow ratios between 0.5 and 2 (org./ac.) and regardless
of the Al(N03)3 salting strength or which rhase is continuous,
the H.E.T.S. increased linearly by about 0.1 ft. for every 15
cal./hr./sc. ft. incresse in total throughput.

3.27 Laboratory Purification of W25t

A laboratory solvent extraction cycle (either batchwise or
continuous) will be made to complete the purif'ggtion of uranium from
the second caenyon cycle. In connection with Ué process development,
complete clean-up of such urenium solutions by batchdiisopropyl ether
extraction has been accomplished with negligible loss.

3.28 Decontgmination of —aste Streams

4 scouting study of fission rroduct decontamination of the
aluminum waste streams by various adsorption and precipitation methods is
now being made, Dowex 50 resin will decontaminate C.1M sluminum wastes
by a factor of 100 or better for Ba end the rarc earths, sbout 10 for tr,

2 for Ku, Zr, and Cb, and less than 2 for Gs. Iron hydroxide is a very
effective carrier and will deconteminate from Zr and Cb by a factor greater
than 100, the rare earths and Sr by better than 50, Bu by ahout 5, but

none from Cs, Other adsorbents such as bentonite, alumine, and charcoal,
give gamma factors of 5 to 10 but have low capacities and cannot be regener-
ated as can the ion exchesnge resin, Cs, 3r, and Iu remain in 211 cases

the activities most difficult to decontaminate. It is possible to vre-
cipitate the Al as Al(OH)3 without carrying the Cs, 5r end Fu activities,
but the problem of concentreting a very gelatinous yrecipitate is then
introduced, OCther aluminum precipitates will be investigated along with
specific Cs, Sr, snd Ru deconteminction methols.

3429 Paclklegs Valve _Development

The development of a peckless velve for "25" process use is
continuing with three commercisl velue compsnies, Hammel-Dehl, Fulton
Sylphon, and /iloyco Steel Co. :n altered Fulton Sylphon bellows valve
has been operated throurh 10,000 flexes withoiit leakage or bedlows Tailure.

3.3 Pilot Plant Development {(D. G. Reid)

The 1200 irea Yilot Flent, reported comrleted in the lest
report, has been tested snd uranium previously bomharded at full Clinton
Pile level has been precessed, The testing was complete with only minor
medifications in the ecguipment. So far there hsve been 5 runs made with
inactive metal through one or the other extraction cycles, 6 runs with active
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metal through the first cyvcle and 4 through the second cycle. The results
have been penerally satisfasctory. Further details anpear in the following
tables. The results are discussed in the balsnce of this section,

The active runs were made under bare flovsheet conditions,
which consist of 1.35M sluminum nitrate, at C.05N basicity, and an
organic to aqueous flow ratio of 2 with no oxidants, reductants, or
complexants, The data obtained showed beta decontamination factors

in the first cycle of 3 x 10 5nd gamma decontamination factors of

1.6 x 10° with total known ursnium losses through two columns of ex-
traction and two of stripping of 0.02%. fctivity data from the second
cycle show that the activity level of the product stream is too low to
determine accurately decontamination factors using Clinton material, but
these can be determined when processing of Hanford irradiated wranium is
started in two months.

However, the present data, permit the conclusion that a
gamma decontamination fector of 2 x 104 to 4 x 10™ at least is being
attained in the pilot plant. Probably the decontamination factor is well
above this, but definite proof cennot be established wet. Since the de-
sired minimum decontemination fector in the first two cycles is 10 , it is
indicated that the preseut process is entirely satisfactory from this point
of view,

Lissolubicn

The source of uranium for all the runs has been dissolving
of uranium metsl. For the thrze unirradisted metal runs and the first
four active runs, dissclution wes performed by using the theoretical amnunt
of acid for the metel loaded. This type of dissolution resnlted in solu-
tions containing 0.4 - 0.5N excsas ecid, vhich in turn required that
ammonium hydroxide be added during column feed mekeup for neutrelization
to the proper basicity. Longer heating periods and higher temperctures vere
not successful in recucing the excess acidity in the dissolver. 1In the
lest four runs 100% excess metal has been kept in the dissolver and the
reaction extended to a specific gravity of 1.83 instesd of the former
1.78. Using this technique, the excess acidity has been recuced to an
everage of 0,15N. 411 previous dissolvers and dip tubes with a corrosion
history have been febricatecd entirely of 3098 Cb stainless steel or
equivalent. The pilot plant dissolver is fabricated with a body of 3098
Cb stainless with 347 stainless dip pipes. Inspection of the dip pipes
after dissolving four batches of uranium has shown some etching of the 347
stainless steel dio pipes.

Feed ligkeup, First Cycle

Feed mekeup is done by adding stock solutions of aluminum
nitrate salt to dissoiver solutions. Development of the technique has
shown that the most suitable method of controlling this feed mekeup to
1,35 ¥ 0.05M in eluminum end 0.05 ¥ 0.03N in free base is by accurate
specific gravity messurements, close control of the ccid balances, and the
use of theoretical amounts for bubtting solutions. Using basic aluminum
nitrate stock solution in this method, the conditions can be controlled
so that no base is added to the shielded tanks, thus eliminating any pos-

—
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cummary of First Cycle Runs

Flowsheet Conditions as Noted in Accompanying Figure

Inactive o 10% Clinton Activity o Fuli,CI;npgg Activity
= Fun 10 FAn ) ix X 3X IX 5X. X
Feed
(a) (b)
M, M 0.97 1.43 1.35 1.42 1.56 1.39 141 1.37 1.36
Free Base, N - 0,025 0.015 0,072 0.013 0.062 0.034 0.055 0,039
pH 1.06 1.52 ledd 1.84 1.30 1.81 1.83 1.80 1.85
U Losses, %
Extraction 1.75 0.0087 0.013 0.0026 0.0008 0.0013 0.0013 0.0024 0.000¢
c
Stripping 0.02 0.0086 0.06 0.0021 0.0003 0.0005 0.0013 0.0072( ) 0.0145(0)
D.F.
3 3

Gross Beta - - - 2.0x10 1.7x10 l.AxlO3 l.lx103 2.Ax103 3.1x103

N 3 2 3 3 3 3
Gross Gamma - - - 0.5%10 0.6x1.0 0.7x10 0.5%x10 0.9x10 1.6x10
Ru - - - - - - - 100 210
Zr - - - - - - - 1.2:0005 1710
Pu - - - - - - - 5.6 343
Notes:

(a) Recent information indicates these values may be approximately 6% too high because of uranium

interference in analytical method.
(b) Value questionable.
(c) stripped vith O.O1F HNO5.
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Flowsheet Conditions

Summary

of Second Cycle Runs

as Ncted in Accompanying Figure

Inactive 10% Clinton Activity Full Clinton Activity
Run 2D 3D 4D 1X 2X 3X 4X
Feed
AL, M(a) 1.30 125 142 1.54 1.49 1.46- 1.35
(b) (b)
Free Base, N 0.025 - 0.03 0,056 0,050 0,044 0.018
o 1.85 1.74 1.55 0-45 0.72 1.57 1.53
U Loss, %
Extraction 0,05 0.003 0.02 0.0045 0.00065 0.0015 0.0007
Stripping 0.009 0,005 0.014 0,0083 0.0042 0.0022 0.0080
Feed (- 34 g U/1
cts/min/ml
3
Beta - - - 2,17x10 3932x103 4.6}(104 3.06x104
Gamma - - - 17 16 188 165
Product (~50 g U/1
cts/min/ml
c )

Beta - - - 36’7( ) 3501¢) 560 510<°
Camma - - - 2 5.2 7 2.7
Notes:

(a) Recent information indicates these values may be approximately 9% too high because of uranium

interference in analytical method.
(b) Free acid.
(c) These values to be compared with extracted unirradiated uranium of approximately the same age for

which the beta rate is 350-500 cts/min/ml.
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sibility of eluminum hydroxide precipitstion. Sufficient tine is

alloved for equilibrium conditions to be established before snalyzing

and feeding the solution to the columns. The pH of the feed solutions
requires 24 hours to reach eguilibrium beccuse of strong buffering

action. The use of pH measurement as a process control is still under
investigation. Acidity end slkalinity are determined by direct titretion.

Crud Removal Tiltration

The feed solution is filtered t-rough a sintered steinless
steel disc of porosity G having an area of 240 sg.in. without filter
aid. An accumulstion of solids huilds up on the filter disc during
filtration vhich is dissolved twice during each run with 5 gallon
vashes of 20% NaOH. The NaOH insoluble material built up in each run
s0 that at the end of the 6th run when 1500 gellons of solution had
been passed through the disc, washing with the WaOH vash did not improve
filtretion rates suitably. This necessitated the removel and disposel
of the expendable filter disc element, During initisl stertup, tests
were made on the equipment with 1 1/2 grams of FnG, /1:iter co-precipitate
in the column feed solution, Slov filtration retes and high uranium
losses caused th:s procedure to be discontinued temporarily. A&dditional
informatlon will be obtained using MOy g5 » filter aid in the coming

periocd with particular emphasis on opersbility and decontemination factors.

Extraction and Stripping, First Cvcle

Three 100-hour runs through two cycles of extrsction and
stripping columns using unirradisted urenium were made to test the oper-
ability of the columns. In these runs the flow messurement, column control,
and snalytical techniques were tested and improved. The data obteained
during these runs show that the flows can be mainteined by setting the
column feed pumps to within 1% of the desired reading vith maximum flow
variation at any setting of 4% and en averape devistion of 2%, 4 lerge
amount of manpover wes expended on the orifice type flow recorders with
the result that they are moderately satisfsctory in recording but as vet
the readings are not entirely reprocducible. The chemicel date chtained
during these runs show thet satisfsctorily low uranium losses can be ob-
tained with 1.4M aluminum nitrate ot .O5H basicity with a flow raetio of
orgenic to aqueous of 2,

The six subsequent active runs through t0 cycles of columns
heve shown thet the totel extraction and stripping uranium losses can be
kept below .02% through all four columns. Four of these runs were made
at full level Clinton activity vhich processed materiel having 2,1 x 10
beta counts/min/g U and 4.5 x 10° gamma cts/min/g U. Decontamination
factors determined hy counting techniques for the first cycle extrection
columns were 3 x 10”7 for beta and 1.6 x 103 for gamms et the flowsheet con-
ditions shown in Fig. 3 which had no oxidants, reductants, or complexing
agents, The Ku decontamination factor uncer these conditions wes 200, Zr
uas 1.7 x 104 and Pu was 4. Spccific fission product analyses substantiated
the fact that becsuse the Ru activity in the metal processed was approx-
imately 4.6% and the decontamination factor of only 200 was obtained, the
major portion of the activity coming through the first cycle column was
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Ru. This indicstes that the total beta decontaminction fector asppesrs

to depend almost completely on the Ru decontamination factor ss previously
concluded from semi-works sczle exmeriments. Deccntamination data show
that there is z small trend tovard higher decontemination as the salt con-
centrstion is lovered from 1.41 tc 1.36. This algo would heve been pre-
dicted from the esrlier semi-orks experience,

The decontamination factors in the first cycle stripping
column ranged between 1.2 to 1.7, substantisting previous data that
essentislly all activity is removed from the hexone at this stage.

The losses in the stripping column for four runs averaged 0.0011% vhen
C.1N nitric acid wes used for strinping, which incrwcesed to average
0.01% for three runs hen the scid wes reduced to .01, This reduction
in nitric acid concentration to the first cycle stripring column vwas
necessary to eliminste the addition of smmonium hydroxide during the
second cycle feed makeup. Stripning at a concentrstion of ,03N nitric
acid will be nzde during the coming period to determine losses at inter-
mediate conditions,

Crud Formation in Columns

The operation of the columns has been guite satisfactory
with no evidence of crud formation. 4t the enc of the inactive runs,
all columns had 350 hour-pericds of operation and were dismantled for
careful inspection of the macking, There was no sign of plugring, crud,
or deposits of any sort on the packing, It appesrecd to be es shiny o
when first put into the coclumns. The columns have operated & total of
700 hours processing active feed and no evidence of chenneling or plugging
has appesred. This absence of crud in the columns, it is felt, is due
to the extreme care ith which »11 process soclutions are handled; ¢ll are
filtered before enterins the colurns. &8 an edded precsution, the solvent
is contacted with scrub in a column recked writh 3/10" Tenske rings just
before entering the rrocess. The accumulation of crud in this column is
appreciable, requirings cleaning gbout cvery 4 - 6 éars. The pneumstically
operated specific gravity controller continued to give excellent remote
control of the column interfaces.

T'eed Preparation, Jecond Cvcle

The second cycle feed is made up by butting the concentrate
of the entire first cycle wroduct stream. This step vas grectly improved by
the reduction in the nitric acid content of the strip in tha first cjcele.
Uranium losses first measured were 0.05% during the concentrction and vere
reduced to 0.03% by the instcllment of baffles in the vapor line. These
small losses con be reduced in the 1200 /rea by more suitable design of the
plent equipment., There is some evidence that a slight decontamination
fector is obtained during the concentretion operation, but as yet the
activity differential is so low that the evidence is only a trend.

~anmnn.
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Second Cvele Extraction Fesults

The beta activity in the second cycle product is below
uranium background by a factor of 10 because of the separation of the
uranium decay daughters from the parents by the extraction process.
Inasmuch as the solution samples are crunted about 4 days after lesving
the celumn, a large, but as yet unknown, fraction of the crunts is due
t0 the uranium background which makes calculatimn nf the secend cycle
decontamination factors unreliasble. It is estimated, however, that the
beta decontamination factor is at least 100, The gamma decontamination
factors cannet be measured accurately with existing equipment due to the
very law level of activity of 5-10 cts/min/ml in the product stream,
linre infermation on the second cycle deceantemination factors can be ob-
tained when Hanford irradiated uranium is to be processed in an estimated
three months.

Feed Pumps

A test has been made of feeding the cnlumns by the use of
a liquid piston pump in which the check valves were the only working
portions of the pump exposed to the process selutions. The rump gave
nonly partial satisfaction inasmuch as the weak portion of the pump,
the check valves, are still in contact with the active solutions end the
improvement in maintenance was enly minor. The metering of the flow
of active snlutions continues to be a problem.

HETS Values

At e i g et S Bt

Ixtroctien HETS values have been calculated for both the
2" and 3" columns packed with 1/4" x 3/8" Raschig rings. The calculations
shew that the HETS value is 2,46 feet with a probable error of 0.14 feet.
This HETS value dpes not vary appreciably in successive runs in the same
cplumn or between the 2" ané 3" calumns.

“aste Disposal

The wastes from the columns are dispmsed of by neutralizing
the extract raffinsgtes containing principally aluminum nitrate, fissimn
products, and a small ampunt of hexone by adding sufficient caustic tn
give a basic solutimn., The uranium is disposed of through the standard
medium of complexing with snda ash. e trouble has been experienced with
any of these steps as long as an excess of caustic or soda ash is main-
tained.

Solvent Treatment and Recopvery

Pre-trestment of commercial hexane censists of washing with
sodium dichromste and batch distilling from a caustic heel, This gives
a product with a reducing power of 0,004N and an acidity of 0.,004N in
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acid as acetic acid. The recovery of the hexone was first done batch-
wise from a caustic heel which yielded slightly better material. The
equipment was later changed to a continuous type distillation, plus an
installation of a packed sectisn fer reducing entrainment and has
yielded a product averaging 0.,002N in reducing power and 0.002N in
acidity.

: The residual activity in the used hexene has been mainly
beta and has given no health hazard difficulties during the snlvent
recavery operation. The used solvent reservnir has had an increase

in activity from mixing the various types of hexpne, resulting in material
with 660 beta cts/min/ml. This activity was reduced by a factor of 6

by remote contrnl washing with a 1/20 vplume of 105 caustic,

Pragram

The program for the coming period includes investigation
of varinus reducing agents and complexants on the effect of fission
product and Fu decontaminatimn fector and uranium recovery. In the next
period it is hnped that the flowsheet will be sufficiently established
in generalities to permit investigatiecn of minor process questions, which
is scheduled to start using Hanford material on approximately May 1, 194€,
Among the various materials to be tested are sulphamic acid and ferrous
ammonium sulphate as reductants; 2-Hexyl-Pyridine as a uranium complexant;
and diphenyl-thio-urea as a scrub in the stripping column for improving
ku decantamination,

be 23 Separations Precegs Design and Development

Design work has been concerned chiefly with the development
of general information for the 1300 area and of supporting information
for the selection of a 23 prnrcess. Since a 23 process has not been defi-
nitely selected as yet, nn detailed process studies or equipment flewsheets
have been made. This work must be done before a process design report is
prepared. Detailed informstion concerning the 1300 area has been presented
in nineteen Technical Division drawingzs and twelve memoranda to the 12-1300
area Design File. Information sbout the auxilieries and services which are
shared with either the 1200 area or the entire 1000 Project is given in the
drawings and memoranda concerning the 1200 area.

The maximum expected delivery of irradiated thorium from the
Resesrch Pile to the 1300 area is & kg. per day, and it is enticipated
that the thorium deliveries from ather piles, if any, will be abeut the
same., Consequently, the design capacity af the 130C erea has been set
at 15 kg. per day. £ typical delivery of thorium will contain abeut 75 g
of 23 and 13 and 2=1/4 g of fission products per 50 kg ef irrediated
thorium. The shortest cmoling perind considered at the present time is
eight months. with this cooling period ebout 100 mg of 13 are present,
i.e., seven watts of 13 activity: the sssociated fission nroduct activity
is about four watts. The crrresponding process requirements are given

i
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The batch process consists nf five major operstions: (1) jacket removal

and metal solution; (2) first extraction cycle; (3) scrub rescovery cycle;
(4) second extraction cycle; and (5) final clean-up operations. The first
extraction cycle consists of nine equal-volume extractions, two 1/12 volume
scrubs, and faur 1/4 volume strippings operations. The recovery of 23 from
the scrub solution is effected with about eight equal-volume extractions

and four 1/4 volume strips. The principal difference betveen the batch

and continuous proacesses centers around the first extraction and scrub
cycles, With the continuous process the extraction, scrubbing, and strirping
operations are accomplished with packed columns. The helght of the ex-
traction-scrubbing and stripping celumns will probably be 35-40 and 18-20
feet, respectively. Both processes require two cycles to effect the desired
decrntamination, and in each case the rroposed second cycle is a hatch
operation using diisopropyl ether,

Three classes of waste solutions, low, intermediate and high
activity, are associated with each process. The 130C sres waste disposal
system has been combined with those for the 1100 and 1200 areas. 4 dis-
cussinn of the combined waste disposal system is presented in connection
with the report cencerning the 1200 area. 1In gereral, the low activity
wastes are collected, analyzed for uranium and activity and discharged to
the retention pnnd; the intermediate and high activity wastes are usually
neutralized, concentrated, stored for decay and eventuslly discarded,

411 of the operations in connection with the recovery and
decontaminatinn of 23 are carried out in the 1305 building. Propesed
layouts of the 1305 building far the batch and continuous processes have
been presented in TD-428 and TD-425, respectively. The overall length of
the building is 220 feet for the batch and 200 feet for the continuous
process. The overall width and height are 58 and 48 feet, respectively.
The egtimated investment costs of the 1305 builcing and its associated
equipment for each process is given in the frllowing tabulation,

Batch Continuous
Building $ 668,000 % 650,000
Equipment - 930,000 850,000
$1,61€,000 1,500,000

Since these cost estimates may be in error by more than 100,000, the
apparent differences are not significant.

The auxiliaries and services required by the 23 process can

be divided ints two classes: (1) those which are shared with the 1200
area and (2) those which are shared with the entire 1000 Project. &
vreliminary survey of the requirements fer each process indicates that
the differences are not significant. The allocated investment cost of
the auxilisries and services vhich are shered -rith the 1200 area is about
$1,250,000, The allocated investment cost of those which are shared with
the entire 1000 Project is about {1,000,000. This figure includes a share
of all general charges by the cmatractor for the 1000 Froject. Since
these investment costs are about 507 greater then those for the 1305
building and its associsted equipment, the appsrent differences mentionec

in the preceeding paragraph are even less significant.
o
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& detailed investigation of all operating costs associeted
with 23 recovery has not been made; however, it appears ressonable to
assume that the operating costs in connection with the auxilisries end
services are the same irrespecctive of whether the bateh or continuous
process is used. The number of man hours of labor reguired with both
processes differs scmewhat; however, since only 2 small number of
operators is necessary in the 1305 building at any given time for either
process, practicsl considerations require a staff of about nineteen
operators for each process. The estimated annusl cost of process chem-
icals is given in the follnwing tabulation.

Batch Process using Diisopropyl Ether 15,500
Continunus Frocess using Diisapropyl Lther Z, ,600
Continuous Fracess using Dibutyl Cellosolve 16,400
Continuous Process using Hexnne 6,200

The cost »f chemicals used in connection with solvent pretreatment and
recovery is a miner item in each case, probably less than {100 per yesr.
It is difficult to determine the cost af chemicals for decpntamination,
but a rough estimate indicates that the annual cost for each process may
be about 1,30,000. 1In general, it appears that there are nn major dif-
ferences in operating costs with either the batch or the continuous
process,

Since estimated costs for the batch and continuous processes
are essentially equal, the choice between them must be based on process
considerations such as reliability, flexibility and fubure possibilities.
Freliminary results at X-10 and elsewhere en the project indicate that
the desired recovery and decontamination can probably be rbtained with
either process.

In general, it is likely that the continuous process ill
be more satisfactory over a long period of time.

4.2 Laboratory and Semi-iorks "23" Development

4.21 General

The "23" process for sepasration of 1233 from thorium, fission
products, and Pa<3’ includes the following steps: dissnlving the thorium
metal; filtering, if necessary, te remove insoluhle materiels; a batch or
continuous solvent extraction cycle (extractine the 23 into diisopropyl
ether or dibutyl cellosnlve, or passibly hexone, scrubbing the extract to
remove part of the contaminants, and stripping the 23 into water) in which
a separation of 23 from the contaminants by a factor of at Jeast 1A% is
obtained. To this point the process is carried out behind heavy shielding
in a canyon., The partially decontaminated 23 in the stripping solution is
then removed to a laboratory where, in a diisopropyl ether extraction cycle
behind thin shielding, the separation from the conteminants is completed.
The purified 23 is then to be precipitated as ammonium diurenate 2nd ignited

to UBOS'
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In the semi-works, a batch extrsction process has been
shown to give adequate decontamination with 23 losses less than the
maximum permissible of 0.1%. Investigations toward making the canyon
solvent extraction cycle continuous using as the solvent either diisopropyl
ether or dibutyl cellosolve have been going on for about six montl:s.
Bath of these solvents give more than adequate decontamination snd reduce
23 lpsses to less than 0.01% in columns about 20 feet long +hich are
packed with 3/16" helices. Hawever, with either solvent the colivnns
become plugged after a short period of operation (100 hours or less)
because an insoluble material ("crud") deposits in the Tensle nscling,
despite filtration and prescrubbing of feeds. Freliminary vork with
larger Raschig ring packing, which is much less likely to become plugged
than is Fenske packing because of its larger voids, show it to be usable
with either solvent from the standprint af producing the required 23 re-
covery in reasnnable height celunns, calculated extraction heights of from
25 to 40 feet being required., Therefare, werk of the next quarter will be
to demonstrate satisfactory speration of columns packed with Easchig rings.

4.22 Laberatory Continuous Column Ixtraction Studies

The problem nf crud deposition in columns has been studied
in the labgratary during the past quarter from two paints of view: (1)
prevention of its formation, and (2) substitution of lerger pacling which
will allow crud to pass thrnugh the column., The latter was successfully
resorted te in the 25 process.

Use of Filtered and Pre~Scrubbed Feeds to Prevent Crud Fermation

The methods tried for preventing crud deposition in 3/16"
Fenske packing have been filtretion of gll feeds and pre-scrubbing of all
feeds in short, pecked pre-scrubbers in the hope that crud will form in
them rather than in the cplumn. '.ith filtered feeds and dibutyl cello-
solve solvent, sufficient crud still collected in 90 hours of operation
at near flooding flowrastes to plug the colurmn. Somevhat longer operetion,
but undoubtedly still far short of a prsctical time, would be ewpected at
lawer flAw ratcs. In a run using Fenske packing with diisopropyl ether,
in which both filtered and pre-scruhbed feeds were used, denosition of a
gelatinous crud just above the feed plate occurred after 30 hours of oper-
atinn, This work clearly indicates that Fenske packing is unsatisfectory
for plent scale operation. The main constituents of this crud vere
aluminum, silicon, magnesium, and cAnsiderable amounts of the components
of stainless steel (iren, chromium, nickel, and mengsnese).

Use_nf leschiz Ring Packing (1/4 x 3/€-inch)

This packing hes been investigeted to deternine if adequate
23 recavery can be achieved in extrsction sections of reasonablec height
(40" or less), and its value in eliminsting crud depositinn hss not yet
been tested. In 1-1/2-inch Pyrex glass columns, the 23 HETS was found
to inerease gradually from 5.1 to 8.6 ft, for either dibutyl cellnsolve or
diisopropyl ether as the total throughput was incrsased frem 5 ta 80% of
the fleaading threughput (600 gal/hr/sq. ft. for the dibutyl cellnsolve

-
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system and 675 for the diisopropyl ether system) (see Fig. 4). It is
recommended that columns be designed for operation at a total throughput
which is less than 50% of the flooding throughput, corresponding to a
maximum HETS of 6.4 ft. The high uranium distribution ccefficient
(9--org./aq.) present in the dibutyl cellosolve runs cannot be consistently
obtained in all runs, occasimnally dropping under apparently identical
solution conditions tn as low as 5.5. Therefore, for safety reasons it
would now be necessary to prescribe extractions sections of about 25 to

40 ft, for either solvent for operation at less than 50 of the flooding
threughput. Next quarter, it is planned to make runs with hoth solvents

to demonstrate satisfectory celumn mperation for long perioce of time using
the Raschig ring packing.

423 Labnratory Decontsmination and Distribhution Studies

The effects of Th(NO3), concentration and HNO; acidity nn 23
extraction and decentamination usiﬁg dibutyl cellosnlve have been studied

in the laberatory and extraction conditions outlined for a process which
does not contain an MnOp precipitation step. The inclusimn of the IMnOp

step to aid in crud removal or to improve decontaminetion from proteazctinium
mekes necessary very complex extraction cenditions. This laboratory study
disclased that the 23-fission product separation is very dependent on pH

but essentially independent of the Th(NO3)4 concentration. The opiimum

pH range for high decentamination and 23 recovery wvas determined to be

0.8 to 1.0 (see Fig. 5). The follawing are the recommended salt and acid
conditions for the feed and scrub:

Feed: 2.0M Th(NOﬁ)A
0.1 to 0.3M in free HNOB

Scrub:  2.4M Al(N03)3 at a pH of 1.8 (0.85M deficient in HNOB)

The required ratio of scrub to feed is between C,3 and 0.4 and preduces

an extraction aqueous phase of the fnllowing aprroximate composition: 1.6M
Th(NO3),, 0.55M 111(1403&3, and a 0.05M HNO, deficiency (pH = 0.8 to 1.0).
The ratin of aqueous to solvent in the extraction sectien is cone. Under
these conditimns, the uranium distribution crefficients in extrection is

at least & in favor of the cellosnlve, the beta fission product decontam-
ination factor 1 x 104, and the amount of 23 recycled in scrubhing about
5%. These conditimns vill sean be tried in continuous eolumn runs.

424 Laboretorvy Furification of 23

Using batch diisopropyl ether extraction, a total of 635C mgz.
of 23 was isolated and concentregted from strip product splutions during
the past quarter. Of this total, 6080 mg. vwas concentrsted with a loss
of 0.036/% fram the nroduct of the Chemistry Division's dibutyl cellosolve
columns anc 270 mg. was recovered with a loss of 0.0725 frem the strip
solution A the Technical Division labaratory columns. These lnsses are
much higher than the usual 0.002% losses because of the formation of
large smounts of crud in extraction and the presence of oily qrganic
decompositisn products.,

<
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5.2 Tabrication of Urenium-iluminum Fuel iods

Jigging for Prazing

The problem of devising suitable jizs for use in furnace
brazing nf the active assemblies has been investigeted further. Graphite
has been found previously to be satisfactory, except thet it is attacked
by oxidation. Coatings of various rhosvhates have heen found to “ive
some protection to the graphite, but tend in turn to be attacked by the
brazing fluxes used. . ithin the quarter just completed it has been found
passible to substitute a lg-Al silicate naterisl knoun commercially as
"Lava® for the graphite. This material is much more stable than the
graphite with respect to attack by flux or air. The design of the jog
has had to be changed sn that it now consists of two slabs of lLava resting
nn an evenly machined third slab also of Lava. Further vork on this
technique is planned,

Flux

Lfforts have been made to find a brazing flux which does
not contain strongly neutron abscrbing elements such as lithium or
chlorine. During the gquarter, two lithium-free brazing fluxes saic to
be suitable for furnace brazing eluminum have been received from commercial
sources. Unfortunately, neither is satisfectery. One of the fluxes 7as
useful for torch brazing, but the other was useless even for this annlii-
cation. ’

Twa lithium-free brazing fluxes, saic to be suitable for
furnace brazing sluminum, have been received from two commercial sources.
For more than a year, both suprliers have maintained that such a meterial
had not as vet been made. Unfortunately, neither shows even the least
promise for furnace brazing. & have heen successful in torch brazing
with the aid of one of these and hsve fsiled w7ith the other.

Dip Brazing

A tank for dip brazing hes been fabricated from the corrosisn
resistant alloy, Hastelloy C. Thig tank is now being built into the dip
brazing unit previeusly provided with a grephite flux tank., Charging
arrangements have been prnvided which will permit controlled immersion
and removal of assemblies from molten flux.

5.3 Tabrication of Control Rrd Units

Alclad Thorium

“Jork on the 41 cladding af thorium hes continued., One of
the difficulties is caused by the difference in the plastic constents of
the two metals. ‘ny apprecisble reduction by rollings of sandwiches re-
sults in a thick edgec core and distorted aluminum surface., To avoid
this, the thorium will have to be rolled to aprroximately the {inel core
thickness before aluminizing and cladding. This difference in rromerties
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is alsa apparent in the curving of the clacd plate as fracture of the
aluminum tends to occur at the core edge. This tendency is decrecosed
somehat by using a tapered edge.

Another peculiarity of alelad thorium is the existence of
a thin brittle compound layer at the interface. The hrittleness of
this layer may not be undesirable if the cladding is perfect, but if
any void exists there is a tendency far separation along this layer.
This property becomes apparent vhen rolled plates are cut cpen.

Varirus intermediate coatings have heen applied in an effort
to eliminate the formation nf the brittle layer. ith 41-Si eutectic
coatings no improvement, was esbserved. Covper coatings oxidized exces-
sively in the rolling preheat and the subsequent achesion was poer,

These coatings were apprlied by electroplating and by dipping in molten
NaCl-CuCl. The first of these methods worked better. Dipping in molten
Cu was tried but this resulted in rapic solution af thorium in the copper,

Thorjium was also coated with varinus Cu-41 alloys by dipping.
However, the clad samples still showed the presence of a brittle allny.

Tests were made with zinc-coated therium produced by dipping
into molten Eutectic Mo. 190 flux. These did not bond well due probably
to excessive nxidation of the zinc despite lo rnlling temperatures.

Additienal tests are plenned with silver coated thorium.

Several other experiments in cladding vere tried. In one of
these the thorium was perforated before aluminum dipping. This provides
additional anchorage at the perforations. In another, cladding was tried
without the use of a frame around the core. This was not very successful.

In some of the exveriments, laminations in the thorium were
revealed. These should be climineted by improved techniques in production
of thorium sheet.

If it =ill not be possible to eliminate the brittle layer,
ather methods may be developed. Perforatinn of the thorium seems beneficial.,
Another possibility may be in the use of pawder metallurgy in which thorium
granules would be embedded in an zluminum matrix.

Alternate Design of Thorium Unit

in aluminum mock up is to be brazed shortly to demonstrate
whether an assembly of flat thorium sandwiches can be brazed to curved
side plates to meke a unit suitable for the control rods.

5.4 TFabrication af Bervllium

lechanically Joined aAssembly

A beryllivm assembly in which the slabs have been belted together
with beryllium bolts has been fabricated and end boxes attached. This
assenbly has been measured and found to be ressonably close to the design
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tolerances., It is ready for functionel tests, after ~hich it 11" he
agein inspected dimensionally. Difficulties in machining these bervllium
pieces were due in some measure to inadequate capscity of machine tools.
'hen more adequate trols are availlable, a cemplete report can be :written
covering optimum machining technique. This method of jolning is of
special interest in that it avoids or reduces the seriocusness of geveral
problems appearing in the brazing of assemblies, such as spacing, align-
ment, and flux entrappment. Less machining is required far this method
of assembly than for joining by brazing., The problem of threading the
slabs (female) and the beryllium bolts (male) is not nearly as scrious
as the prablems which are peculiar to the brazing method,

The successful fabrication ef this, the Tirst full-sized

beryllium assembly, shows clearly the feasibility of this method for
fabrication of all the beryllium,

Assembly by Brazing

The pot furnace installation is new complete and work has been
started an the dip-brazing af larger sections of beryllium. The first
trials involved the use of A41-3i alloy covered with Airces flux. Tests
on the removal of aluminum from the holes in the beryllium show promise.
To accomplish this, the excess aluminum is pushed out by means of rods
immediately after removal from the bath. 4 3" x é" x 5", five-sectioned
unit has now been processed.

Seme difficulty is being experienced in flux seepage through
the glazed tercod crucible. This is obviously undesirable anc¢ mey neces-
sitate the use of some other materisl as a container.

Semples of beryllium sprayed with £1-5i evtectic allov —ere
received recently. The coating adheres stronsly but can he senzrated
mechanicelly as there is no metallurgical bonding. Attempts =ecre race
to join slabs by application of heat and moderate pressure both in air
and in a Pb bath. The latter method was the hetter of tre two, but is
not satisfactory as the presence of oxide in the coating interferes
with the alloying process.

Machining of Bervllium

Trials were made in the deep drilling of beryllium with varied
success. An 11/64" hole was drilled through an o length using high speed,
slow feed and no lubrication. Difficulty is caused by fluting vear, seizing
and breaking of the crills. One carbolay drill wvas tried unsuccessfully
but others are now hcre. hs the length:diameter ratio is large, alignment
is difficult.

The new hydraulic feed rate control method developed at
Farmingdale Aircraftsman Corporstien is being investigated.

It has been noted earlier that thin abrasive discs cut beryl-
lium better than thick discs. In the use of these, moderate pressure is

-
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recommended to avoid disc deformation which causes non-linear cutting
and disc breakage.

In the cutting of thin beryllium sections, lateral support
ninimizes warping and cracking of the metal.

Strength Characteristics »f Beryllium

Thermal cracking tests were made by the induction heating
of centrally water-cooled beryllium cylinders., The results indicate
that the extruded beryllium has adequate lateral strength for use in the
new pile. The test conditions ere more than twice as severe as expected
in the pile, but no cracking resulted.

Adequate strength was also shovn in the test which involved

the pressing ~f thin transverse sections between surfaces having known
radii of curvature.

Acceptance Testing

Some of the berylliwm extrusions received recently were found
tn be unsatisfactnry because of the presence af thin longitudinal inclusions
which produce a fibrous fracture. These can be detected by end-crnpping and
deep etching with dilute sulfuric acid, They can also be detected by
fracturing transverse sections or by heating to a red heat and quenching.

5.5 Inspection

Uranium=-f£luminum 411l oy Sandwiches

4 sandwich in vhich the core was brazed to the ends of the
frame prisr to rolling for cladding was received fram the rolling mill.
Adnnealing showed blisters at each of three corners. lietallorrerhic
examination shoved a rounding of the lateral core edpe and ~oed bonding.
4 section through one of the hlisters revealed porous core alloy. This
may explain the usual occurrence of blistering on both sides, within the
core area, and the presence of such blisters may be more proverly attributed
to the care allpy condition at that peint than to rolling technique.
Future examination of such blisters will include more detailed examination
of core alloy in the vicinity of the blister.

Several U-4l slloy sandwiches were received frem the rolling
mill in which no frames vere used. The initial core 2nd cladéing thicknesses
were each 1/16" instead of the vreviously used 1/8", The rolling direction
vas reversed after each pess to minirize end bul+ing,

The usual annesl produced no hlisters. The edges, hovever, were
not well bonded and could be separated mechanically to about 1/2" within
the core area. The central portion vwas well bonded. Prolenged snnealing
did not improve the edge bonding. Semples examined metallorraphically after
dilute caustic etching appeared sound. However, when strong caustic pickling
was tried the line of separation vas revealed in the sluminum. Another test




‘ -45- OF NL-&

which night be termed semi-destructive involves bending and straightening
the plate causing edge separation in poerly bhonded plates. Internediate
initial thicknesses will be tried to obtsin better edge bonding.

It has been found that surface irregularities can be
detected more readily if a Lykem coating is applied. This coeting is
dark blue in color and has a glossy finish, producing greater contrast
between the principsl and secondary reflected rays at regions “there
defects occur. Projections much less than ,0005" in height can be
detected in this manner,

X-Rav Inspection

The equipment for this work has been temporarily set up and
protected with lead to bring radiation outside the cabinet to tolerance
levels. The equipment has been used to locate cores in clad U-Al sand-
wiches, and study the segregation and shrinkage cavities in U-41 alloy
ingots.,

Ixposure techniques have been developed for U-£1 alloy, beryllium,
and U-Al alloy sandwiches.

Dimensional Inspection

A1l brazed assemblies nf fuel or control rod designs are being
inspected as a routine matter and the records of these results, vhen avail-
able in sufficient numbers cen be used to determine prnbable deviation
from mean dimensions, number of rejections to be expectec for a given set
of tolerances, or the tolerances that will produce a2 given percentage of
acceptable assemblies.

tiiscellsnecus Tests

4 small amount of work has been done on Ri-Al bondin: as e
result of Spinrad's interest in Bi es a reflector material. “hesc tvo
metals are inseluble but cen be made to bond by ternary alloy forretion,

One such alloy is the Bi-Zn-41 ternarv. Bonding af this type can be oh-
tained through the use of 2lcna X-62 flux vhich deposits Zn on the 21, This
flux, however, contains boron, which would be undesirable if flux inclusions
were present., If further work is contemplated, better fluxes could be
formulated.,

6. liiscellaneous

6,1 Heat Transfer Fescarch (R. N. Lyon)

Ls indiceted at the end of the last quarter, the liqui¢ metal
research has been divided into three categories: 1) Theoretical heat
tranofer considerstions, 2) Experimental de’erminstion of heat transfer,
and 3) Testing of liquid metal handling technigues,

o i
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Lxperimental and Handlin
LXp L1,

The testing of handling technicues has been limited during
this quarter to experience in cleaning NaK out of the plugged natural
convection system, and to transferring NaK frem one vessel tn anather,
The use of lew pressure steam for removing the alloy from walls of
equipment, as suggested by mther handlers, has been found quite safe and
easy. .et steam caused no difficulty, as long as the flaw was rapid
enough to exclude air and to carry away the hydrogen which was formed.

4 quiet flame, presumably of hydrogen, was observed at the outlet of
equipment for a short time after the steaming operation was begun.

Transfer from one tank to annther was easily accomplished
using copper tubing and dry argon under pressure. The tank level indi-
cator aperated perfectly, and no plugging of the gas bleed line tn the
allny outlet pipe occurred.

Most »f the major pieces for the experimental equipment have
been built, and actual installation has been begun.

Theory

The theoretical investigation of heat transfer to liquid
metals is now relatively complete. Integration of the ;enersl equation
has been scconplished using the actual velpcity distribution data of
Nikurasdse, and a simplified approximate heat transfer equation has been
worked out for liquid metals, The development of the gencral equation
and the approximate ligquid metal equation is carried out in the following
manner :

Ve first establish a definition for the heat transfer coefficient
and then proceed to set up a rigorous equation for it in the case where
physicel properties are unaffected by temperature and where heat flow
through the wall surface is uniform around the tube and sleng its length.
Later we consider in & cursory way the possible effects of chanpes in
rhysical properties along temperature gradients. The development is
carried out for the situation far en-ugh frem the entrance to have estab~
lished the ultimate velocity and temperature profiles,

o consideration is given here to the case -there the fluid does

not wet the wsll, although experimental work with mercury at General
tlectric and elsewhere has indicated that this situation is important.

Definition nf h

The heat trarsfer coefficient, er unit conductance of a flowing
system, h, is defined as the heat flux normal to the wall surface, divided
by difference in temperature between the wall surface and the flow mean
temperature.,

Uy
z (1)
- Ay (ty - tmy
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qy is the heat per unit time normal to the wall surface; 4, is the erea
of the wall surface across which the heat flows; tw is the temrerature
of the wall surface; and t is the flow mean temperature of the fluid,

The flow mean temperature, sometimes called the mean temrer-
ature, the bulk temperature or the mixed mean temperature, is the temper-
ature which would be obtained by cutting off the pipe at the distance zlong
the pipe in question and catching all the flowing fluid in a vessel vwhere
it is completely mixed. It is the average weirhted by the quantity of
fluid flowing at each temperature across the tute.

Ay

W

Our problem now consists of finding the ratios of to
(tw - tm) with varicus fluids flowing at various velocities in various
sizes of pipes, where the quantities in question are constant with respect
to time, and symmetrical about the central axis,

Determination of (t, - t)

W

To find h, we must first obtain an expression for (t, - t) in
terms of _Z¥_, where t is the temperature at any distance, r, from the center
of the A, +tube. By appropriate integration, the weighted average
(ty = ty) can then be found.

e start with the equation

-

= Trate of temperature increase

dr LY at distance r from the tube (2)
center as one moves away from

the center.

q is the radial heat flow, at distance r, touard the tube
center, and 4 is the area across which the heat is flo:ing at distance
r from the tube center. If we consider, henceforth, only a unit length
of tube, A becomes numericslly equal to 277 r,

E is the total conductivity of the fluid in the directien of
heat flow, It includes both molecular conductivity and eddy transfer.,
It can include any other conduction mechanism vhich affects heat flew to
the first power of the temperature. FRacdiant trarsmission which is af-
fected by the temperature to a higher pover is assumed to be negligible.
K is not & constant, but varies with the distance r,

r e are now interested in finding an expression for & in terms
of r or by vhere r,, 1s the radius of the tube. A
kil ’
Since & is numerically equal to 27r, when a unit length
of tube is considered,
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q will be found by summing up the temperature increase per unit length of

pipe, «22-, of all the flow filaments of fluid within the ring of radius r
and dz ° multiplying by the specific heat, ¢, and density of the fluid.
In addition, we must multiply each filament by its velocity, u, since the

velocity determines the relative ability of s given filement to carry hecat
axially,.*

The subscripts 1 and 2 indicate the order of the limits. That is, r, is
the limiting value of r.,. Later r, will be secen to be the limit of s,
Numerical subscripts on  other varisbles carry a similar significance., For
example, uy is velocity ag o function of ry end if, as occurs below, S

is defined as I, S, = {2, or S, is the limit of 3,., This nomenclature
is rescrted to W Tw becalise the development™ involves three suc-
cessive integrations all with respect to distance fram center of the tube.

dt i1l be seen tr be independent of r, since the temperature

profile - 4% under sur assumptions will not change as one mnrves along
the pipe. /hen we integrate 211 the way out to the wall, rys ¥e obtain
I
q, = Rlic~ g—t up rdr = ,/'3"1"? o/ u 4t
v dz kKt m dgz
S

* Since our assumptigg nf uniform temperature »nrofile slong z leacs to a
constant value of =2/ it 21so indicates constant heat flow by ceonductance
for a given filamefif in the axial direction. 4 hest balance around a
small volume, (dr, d&, dz) indicates by inspection, therefore, that the
net heat introduced by molecular and ecdcdy conductivity aleng r can only
leave as increased heat content of the liquid passing through the volume
in the z direction. It is alsna clear that since we have assumed steady
state, all of the temperature rise of the fluid pascing through this small
volume must be accounted for by heat entering alens the radius. o heat
is assumed to flow circumferentially, since the sgystem is symmetrical
about the z axis. (See Fipure 6)
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In this ster we have defined u, methemetically as
- 1

/ rW
2l urdr
)
u o=
n y ¢ Ty
2 \ vrdr
0

Fhysically, u is simply the average velocity of the fluid in the tube.

The ratio of g to Qs then, is
rr2
.t ! o
2:ia4cf dz,jo up ry d rl
- . —
Ay 7o~ 4ty r?
dz m w
(rg/rw
= 2 } A, 1 agn
8] um I.U rw
or
52
u
- l [ail
q - dq‘r‘l\ G-- w1 C Sl
J,

if we define S as S = 7,
W

Substituting equation (4) for g and equation (3) for & in
equation (2) for gm, we obtain
r

(52 .
1
20, T 5 d 8
-~ 0

jeial
e
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Integrating both sides of the preceding equation from Iy

to the wall, r, = r, gives us an equation for ty - tys
52
o { ul
W ; g
qw § )O U:‘:: ol a S].
by = 5 22— \ T —drp
W i Sy B
3
-
o (5)
52
:1 ! El g d a
| PR S|
§ e | o] d s
-, =D — —
\i = i 2
S s, &
- o3 D &

vhere D = 2 T, or the diameter of the tube and Sw =1

Determination of h and Nu

(ty - t,) can now be found by averaging (t. - t.) from the
center to the wall using the weirht factor 27Tr3ug and integrating with
respect tor .

3 '82
§ 2:?u3 r., | ;0 Uy .
" Qy S, S a S, d T
W - tm = D A“’ D "03 “)2 -
LA
‘ 2 1' TB uB d 1‘3
o
Sp
1
(l 1 nl 81 d S]
Ay u i ! Upy ”
s Eé S, | Lo a8, @ 38,
w o m s K
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If e now substitute into equation (1), we obtain:

q'«,’]
h = AW
- 1 1 S
. IR e F: T
Ci-w : u3 S3 ; ;O —H 2 5
-2 x ‘
DA‘W J um ! - .- d S2 d \83
o Js., S, K
.)
or
iy
2
AhD o = Nu = N
k ‘ 1
i — 1 e -2 b .
o Um ’ b Sy K ! U ! 1 2 (6)
o ‘é’ SB J n

~_ hD
Nu is the Nusselt dimentionless modulus defined as: Nu = § , and k is the
molecular thermal conductivity of the fluid.

Limiting Value pf Nu

& number of interesting points are disclosed in equation (6).
#ith it can be shomn the attaclks made by von Karman snd lartinelli. The
latter used the approximation that —2— = 1 over the entire range except for
a negligible region near the wall, “Hm for the first wnteprptlon but ap-

varently not for the third, TIf we use the zssumption ~¥_ = 1 for both the
first and third integration equation (6) reduces to: “m
1
2
Nu - —b@_ =
k 1

Sl a dl d 52 d 53 (6a)

The only nroblem in solving this equation is the evalustion of
K the apparent conductivity of the fluid as a function of S, the norpalized
distance from the center. In most situations which actuelly arise, K wil1
be equal to the molecular conductivity plus the conductivity due to eddying;

or & k + E where I ic the point value of eddy conductivity in units of
heat/(time) (area)(temperature/length).

It is seen that vwhere the_fluid has a very high molecular can-
ductivity the apparent conductivity, K, approaches %, and equatien (6a) may
be simplified still further to give:
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1
2
hD -
k M
oot % o
S50 75 5y d 8 ds,ds, (6b)
o} 83 0

The integratimns in this eguation can be carried out very
simply as shown:

1
2
hD
{ o a8
b8, - o =2d S
o] '83
1
_ 2
ot 1 :
53 - 2y a s,
o 4
- —
- i1
2 & - d
g 16
<1 .
k = 8

This is the limiting value of Nu when k becomes large using
the approximation u = u, over the entire radius of the tube.

Martinelli in his papers failed to extend his work to this
limit. His method, while directed tovard the same objectives and following
the same ressoning is markedly different in details and obscures the sim-
plicity of the calculation of the limit. He does refer to a limiting value
obtained from {orris and Streid's work with leminar flow, &s would be ex-
pected, this gives a considerably lover limiting value for Hu, than for
turbulent flow,

He has now issued a correction vhich in addition to rectifying
an error lists values of Wu at Pr = 0 as ranging from 7.02 to 7.27 at Re
of 104 1o 10°,

Calculations by graphical integratirn of the limiting case
using actual experimental results of Wikuradse for -%.. at varipus values
u

T
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of S gives the result that at Re = 40G0%, Nu =z 6.84, and at
Re = 3,240,000, Hu = 7.15.%% e see, therefore, that the limiting
value for Nu is roughly 7 and that the error of using the approximation

u = u, is about 14% in the limiting value.

Diffusivity and Comparison with Fluid Friction

Molecular conductivity, k, has the units of (heat)/(time)(area)
(temperature/length). If we divide k by c °~, the volume heat capacity, we
obtain the mnlecular diffusivity of heat,—==—, This property has the units,
area per time. ¢~

imilerly, L =€ 1, the eddy ciffusivity of heat.
ce H

e now follpw a clessical line of reasoning parallel to that
norked out originally by Prandtl for momentum.

We have already seen that

* Pe stands for the Reynolds l'odulus

Uy D -

Re = —eoin

- "z
where [~ is density, and <« , viscosity.

Fluids flewing with a value of e below about 4000 often move in a
laminar fashion rather than turbulently. The general development in
this repnrt holds for both laminar and turbulent flew, but the numer-
ical results are caslculated only for fluids in turbulent motien. &
Reynolds Modulus of 3,240,000 is cmnsiderably above that usually found
in ordinary hecat transfer ecquipment.

*% These calculatinns sre straightforward, graphical integrations and
are not shown here because of space limitations, and since they
follow the obvious course. ILxamples will be given in the final
report on this problem, ~
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dt_ . _.a_
dr A K
ar
g .o dt _ at
L EEgr = (k+E) 5 (2)

where q flews toward the center of the pipe. This may also be vritten

S P SR 4
dce © \ C ("’/)+(H

l~4

Q)
H jct

The heat, U s which flows by virtue of eddying only, can be given by

9 - 4
Tes -VHar (7)

In the eddying stream, let us consider two filaments parallel
to the axis and a distance ¥ apart.

The temperature diffgrence between the filaments is ~ %E and
. : . u r
the velncity difference is 4 ar
If a lump of fluid retains its identity while moving between
the filaments, it will carry an available heat proportinnal te
« &2 ¢l , Upon entering the new filament, the lump will displace
dT another lump vwhich must ultimately return to the first filament
as shovn in Figure 7. If two continuous streams of lumps flow tetween
the two filaments we have what appears to be an eddy moving dewnstream
at a rate between those of the twe filaments. The speed with which the
eddy spins, and hence the velocity with which the lumps move from one
filement to the other will be proportional to the difference betwveen
the velocities of the twn filaments.

Hence we may write,

g 2 g d
—E_. g, /* dn  dt
Acf H dr dr

where BI is some pro-ortionality constant. Let us now define t.H so
that By '= -1, That is, #F is defined by the equation:

A
jue)
n
=
o
o
<]
oF
o
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AT

9 _ /2 du  dt
- hitanl
act H ér dr

Remembering Equation (7), ve may also 'rite

< = /2 du
SET &

A

Similarly for momeritum transfer, the shear [L cue to
eddying in units of force ver unit area is proportional to the rate
of momentum transfer.

oo

[ .
I Bﬁlfz du  du
(Ol “ dr dr

and if %& is defined so that By = 1,

/{/2 du - ¢
Mdr M
the eddy diffusivity of morentum. ¢ incicates the density in mass
units, that is ( = ., vhere g is the gravitational constant.
/ - . .

» and 4 arec L‘x'io”ln as mixing lengths and may be thourht of
either M as H the effective eddy diameters or as the effective
distances a discrete lump of fluid travels before losing its identity
with respect to mamcntum and heat. They are also sometimes referred
to as the mean free path of the lunp.

If .y and are identical, then € I - , Conflicting
evidence exists to M date on this guestio on M : Martinelli,
fnollowing a suggestion of Boelter, sets

N
=

|

and assumes ¥ is a constant,

e will also sssume X is a constant. “thers is so little
evidence regarding this quantity that if we are to obtain any kind of a
solution we are forced tn this assumpbion., Je will carry it as a con-

stant through the final calculations and intm the simplified equation,

There, until its true nature hecomes dnown, we will assume it is unity
in the calculation of problems.

Y'e may now rearrange equation (6) to get
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L
2
Nu = —
! 5’1 e 82 u
| Zs | . cy § El 81 d 5y d 8, d 5,
| Un P So(Ban 2 €) ; m
0 ;CB c 1\' x 0
or
o Pr
I\J.Ll : -
1 0 1 2
- : ¢ i -—= 8. d 5, d 5,48
SR - e 0 e
i Ty
0 33 0

Y

. . - . (6] - L. . .
where Pr is the Prandtl modulus, "“ﬁ““, end vhere )/ is the kinematic
viscosity, &, h

Friction Velocity ~ Additional Forms of Eouation (6)

The Fanning friction fector may be defined by the equation:

PO g Ty a
r z ===
‘ E? dz
m
2
o dp _ O Uy
4z T
But also
dp o 27Ty L 2T
dz = W s T l
717 I‘2 I“]
A7
Hence
o 2
A= ~f up
oW et rrn
W g rw
ar
Ta 2
.jg ooz u g
{ m 2

(6e)



and

This may slso be written

o

,"T/ "ﬁ“
PR
In the preceding development,
P is the static rressure of the fluiad
/" is the shear
J auttai
/ T
¥ is frequently referred to as the friction velocity, cesignated
Pl by v,
From Equation (9) we learn that the friction velocity is the
mean velocity times the square roat of half the friction factor.
Twn dimensicnless terms involving velocity and distance to
the wall can now be defined
o~
ut g -l o B2 (a)
v Um /f
and if y is the distance from the wall,
vz ”3'" vk = . Re / (b)

) Ty 2 }/ 2

Du
nC o 2nu
/t'/( S/
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Substituting into Ecuation (6e) we obtezin
o Pr
Nu =
| 1 1 ¢ 82
[ v B 2 *
£ U Sy ? 5 j u 5148y 4d3,d 85 (6r)
e’ O o
83 o)
where R = - :
S
<FF 5

Lvaluation of u' and y*

Nikuradse, on whose data we plan to rely in large part for the
ultimate calculation, nbtained an approximate general equation for u*

in terms of y* which holds reasonably well in the turbulent core of the
fluid stream for all Reynolds moduli:

ut - 5.5 + 2.5 1n y*

where "In" indicates the natural logarithm,

This may also be written

u, =-u
¢ - o
._..._L.-——_.—-—--— - -205 11’1 rV]
V¥
where u, 1s the velocity at the center line since
[
u, -t
3
L + +
—_— —- u
o g~ u
and
$
uT = 5.5+ 2.5 1n M
& t
¢ more accurate but camplicated expression has been developed
by ‘ang.

Von Karman has proposed the feallowing expressions for u* vs

-r
Y in the transition and laminar regions;
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+ . .
¥y, in buffer region

o

= -3.05 +# 5.00 In

o
)

+ N .
Y, in leminar layer

He believes that the leaminar layer extends from the /all to
Z 5, and that the buffer or’ transition region extends from y =5
to y* = 30.

These equations are shoun plotted in PPigure g€, In Figure 9
are glven the corresponding u_ vs S curves for Ke = 4000 and
= 3,240,000 which are the um Timits of Teynblqo range’ measured by
leurddse.

Determination of R - Lffect of Prandtl lumber

R hes been defined in the equation

o Pr

Aside from %, which we are simply carrying along, the onl"
unknown term is € “pe This can be obtained by dl?PerPntiquwng ut
vith respect t»o y*, or_77 directly frem Hikuradse vho hss tabulated
experimental values of

This is obtained by multiplying snd dividing by 2 and v/ .

e a s - . .
The differentiation of u .:ith respect to y* using equations
(a) and (b), discloses several interegsting points.,

du+ - 1’) . -d-}-l.

p
But
?“ - - 919 - ’TW \
T g =28
{ (
Hence
iy 1
QEI S

(11)

(12)
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Fig. 8 GENERALIZED VELOCITY DISTRIBUTION FOR TURBULENT FLOW IN TUBES
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In order to show hov the heat corductsnce of the system changes
in the neigrhborhooc of the wall, we present Figure 10. The heat con-
ductance is proportional to the group

_
= 1 + ''m

l 4
R AP Ty

&
the term ¢ /pf can be evaluated from the above exoression for ~E;,
assuning s to be very close to unity (near the Vall) and using
Eq. (12) and (11) to calculate values of du: in the laminar and buffer
reglons respectively, and the COITGSpOJulng equation

= 5.5 * 2.5 1n y

of Nikuradse in the turbulent core., The four lover curves of Fig. 10

result. By assuming a value of 0,005 for the Prandtl number (typical

of alkali metal alloys) end comhining 1/Pr with £/, the twn upper

curves are obtained. (It is also assumed that the uncertain constant

o is unity.) e see that vhen Pr is 1ar*e‘_gr is controlling in the
]

sum v

even at very low values of y%T, i lov wrendtl nunher, the ofdy if-
ivity docs ol hzeeote controllins until one ig co sidering o rosion
in the tube crieh in crell o dnedce e turbwlent resion,

* Ly

Jrivution dete from the ity dne
ellon’, soreenthan Lrod T o
in the crue of 10‘ Sronc il

1oy *e*“ﬂﬁn hoot oressler

Lince th
feichrrdits comer
turbulont reoion,
congiderstbla coi Fica.
trovaler is vec ullarly
fleient Mor licuid

o

1o metericls of Lich ]

a

(9]

n

¥ o oroeclietia e hoel trousfor coel-

185 but ke wotlon san0% he anndiod cith cond idonee
ne L1 omuaber beoguse in AhTs crac he itpO“L“nce

of turbulence extex s rishi up to thw visvous lever, and oy oven ertend
into it.

It is nueh rore ressoroile wo o%t in o oveloclitvy distribution in
. n 1

the laninor lever loa tha o il treagfer dote for hish r
neierisls thon Lo osoirote oo ot trensfer sroertics fron a fo drsa
nesr vhe hl vnlocity cfce of hhe lirmiarry rocdion.  urther nenbion of
thig vi11 e roae dover,

Lot Teab wacagrer Gorrelotion

2 no see Ghav 1f dowe arc avellehle on the velocity distribuiion
in the turhulcent core o ¢ " ¢ll=cclined Mluic in » vound tube a2t verious
ievnolu awrser s, we cen eveluote the iatesrols in Leusbion (6), or 2 .
aocd chulon guch ¢ icoetion (Of). Unee this is nossible, we can ohteoin

velucs Tor v ouh verious veluss of 2 Tr ond Te. It shoala he remembercd
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that f, the friction factor, is a functimn of Re alone. Either the
genera]_ approximations for ut as a function of y may be used in these
calculations, or we may use the actual experimental results, Martinelli
chrge the former in his development which differs from, but parallels
the one here, Von Karman as a predecessor of Martinelli alsm used the
u* equations, and ignered molecular e¢snductivity in the turbulent region.

Je use the data of Nikuradse directly by means ef ranhical
integrations, and hence we aveid any errors due te the inaccuracy of
the generalization. The resulting set nf ccmputed values of Hu /ill
evidently be functions of those quantities vhich appear in Eq. (6f),
which can be combined into the familiar dimensionless groups

Dur

s p—

A

7

Pr = QEE:L— = Prandtl number

Re

Reynold's number

By trial we find that when we plot the values of Nu against
the product of «Pr « Re, the pnints fall clpse to a single line re-
gardless Af Reynolds number., e have already indicated that the lower
limit of Nu is abnut 7, and we find that as - Pr . Re becomes large,
with Pr remaining less than 1, Nu appreaches .023(~ Pr . he)’L 411 of
the points appear to fit reasonably well the equatian

Mu = 7+ ,05(ctPe)*” ¢ ,023( ~Pe) "t (13)

where Pe, the reclet modulus may be thought of as the product of the
Prandtl and the EReynolds moduli, or

It is found that values calculated by Martinelli fall very
close to this line as well, The agreement is shown in Figure 11.

This correlation will be expected to be best for fluids like
liguid metals which have a low Prandtl number, since for such fluids
the molecular conductivity of the fluid is so high that heat flows
readily through even a reletively thick laminar film at the wall., The
exact veleocity distribution is hence unimportant, ané the uncertﬂlptles
resulting from nur poor knowledge of the relation between u* and y in
the laminar and buffer layers cause little error in the integration of
Eq.(6f). Fluids of high Frandtl number, on the other hand, do nnt fit
the correlstion very well,

It will be observed that the viscosity,s«, does not appear in
Eq. (13). From this and the fact that viscosity is usually the property
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most sensitive tn temperature change, it may be argued that our
assumptien of no significant property change within the fluid is

not a misleading nne. Suppert is given this argument by recognition
of the high heat transfer cprefficients vhich will be nbtained, so
that the actual temperature difference between the wall and the
stream center will be relatively small for ordinary heat fluxes,

Applications of Theery

Numeraus problems can be attacked using the apprcach developed
here. /s already shown, the theoretical relatively rigorous equation
(6f) can be evoluated, using actual experimental velocity data, ta give
values of Nu at lqw Pr as a functinn of < Pr and Re, and these in turn
vield an approximate equation for Nu at lcw Fr as a function of o Pe,
bxperimental wark with NaK at anather laboratory is reported confidentially
to check the predicted heat trensfer coefficient within abput 107,

The approximate equaticn is useful in predicting the relation-
ship betvween the heat transfer coefficient, and the velncity. Such a
relatimnship is helpful in evaluating experimental heat transfer data
from double tube exchangers where only the fluid temperstures are known,
since it is nbvious from the curve in Figure 1} that in general the h
for liquid metals does not vary as the . prwer of u, A varistion from
the usual .ilsen plot methed is needed, based initially on the h change
with u shown by oQur develnpment,

It has been mentimned that the velecity distribution is not
well established in the buffer or laminar region. Heat transfer coef-
ficients predicted by von Kerman and Fertinelli en the momentum - heat
analogy are low vhen campared with experimental results, at Pr above
abaut 100, This discrepancy may be due to inadequate information re-
garding the velscity distributinon, and hence the value for the eddy
diffusivity, in the buffer region and particularly in the laminar region.
It is obvious from the definitipn of R that at high Pr numbers very
small values of eddy diffusivity may have large effects on the heet
transfer coefficients.

It is belleved that an eguation for lju, similar te the equations
6 but somevhat simpler in form, can be developed for the case of hirh
Prandtl modulus using a number ef assumptions. One such assumntion for
this case would be that the temperature drap from the wall to the edge
of the turbulent regien is larpge compared with the temperature differ-
ences across the turbulent core, Such an equation would of course con-
tain a term involvinz R or

——m—— T

. Pr '

For the case of Frandtl modulus greater than one, experimental
data have gensrallg been found to fit Ceolburn's empirical equation
Nu = .023 Re'® pre?3_  1f we equate his expression vith qur simplified
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high Pr expressien for Nu, we should obtain an equation invalving Re,
Pr, E, and S. From this equation it should be possible to develop a
relationship between R and S with Pr and RKe as parameters., For a
given value of Pr, values of [ can be calculated from corresponding
values of R, =B will be recognized as the ratio of eddy diffusivity
of mamentum to mplecular diffusivity of momentum,

Knowlecge of the values of Zm with respect to 8 gives us a
method of computing the velocity aistribution in the laminar and buffer
regions at ppints very clese to the wall.

Such velocity distribution information has applications in
hydrodynamics which in turn may lead to better understancing of flovw
and heat transfer in non-tubular channels, the estimation ef end ef-
fects, and a better understanding of extraction and absorption phenomena.

The theory mpens the way fer study of ather diffusional nrob-
lems such as heat trensfer between parallel plates or in annuli where
only sne side is heated. The existencs of a partiel diffusienal barrier
in the center of such a stream is indicated by the minimum in eddy dif-
fusivity at the center »f a tube reparted by Hikuradse.. The general
approach used in developing Eq. (6) can be used to develop similar
equstions for annuli and other shanes where this nertial barrier occurs.
Fram the results of such a study a better method of correlsting experi-
nental data may be foaund,

Ilogt impertant nf all, the development znd its results give a
better quantitative insight into the mechsnisms vhich a”fect the much
used, but little understond heat transfer ceefficient in circular tubes
~-already giving us a relatively simple prediction of this coefficient
for liguid metals.

The theoretical work is being continued slong the lines indi-
cated above in an sttempt to abtain & simplified equation for the
velocity distribution in the buffer and laminer regiens,
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NOIENCLATURE

Heat capacity

Fanning friction factor
gravitational.constans

heat transfer coeffisient
thermal conductivity

mixing length

heet per unit time flewing
radially toward the center
of the pipe

distance from center of pipe

temperature

velocity of fluid —

friction velocity =‘15;'~:/ i
distance from wall

Area normal tnm heat flow
Proporticnality constant

tube diameter

eddy cenductivity

effective conductivity = k + E

static pressure

._;%_
distance along tube
&

.
eddy diffusivity (area/time)

angle displaced around tube axis

viscosity

kinematic viscosity = ﬁ%f—
{

{ - dengity (weight units)
7 < density (mass units)

e

i - shear

Dimensionless Groups

u = v = um / f
+ o L 3 :—-Y— ..R.? ’...f:

J v Ty 2 f 2

Nu = hﬁ (Nusselt)
cD umfo

Pe .z —m——Ew—~— (Peclet)
c. L

Pr =% (Prandtl)
D u,

Fe = _7;?___ (Reynolds)

1
R = 1 .«
Pr T



NOMENCLATURE (Continued)

Subscripts

a, b respective filaments of fluid
¢ at centerline af tube

m mean Ar average

w at wall

E eddying

H heat

M mpame ntum

1 referring to first integration in Eq. (6)
2 second integrestion in Eq. (6)
3 third integrstion in Eg. (6)

Other Activities of the Section

In addition to the hendlin;, experimental and theoretical work
on liquid metals, considerable time vas spent curing the quarter in
assisting and attending the NEPA Heat Trarsfer Symposium in December;
the Heat Transfer Symposium held by the Industrial and Engineering
Chemistry Division of the #CS in Chicago was attended; and Section IV
was assisted in determining the thermal conductivity of various concrete
samples.

6.2 Pile Air lpnitering (R, B. Briggs)

During the first week in December considersble difficulty was
experienced in removing a swollen slug from ene of the channels in the
Clinton Pile. Swelling had prnceeded to such an extent that the chennel
vas sealed completely. The pile was shut down for severel dsvs while
that chennel was cleared and others were inspected. It was found that
several channels vere partially blecked either by blistered slugs or by
pieces nf wnod from the broken ends of shield plugs. DBecause the broken
slug was not detected by the monitoring devices in the exit air stream,
it was requested by the Operating Department that z method be developed
for detecting the swelling of slugs before they become large enough to
be difficult tn remove from the channels,



Measurement sf the air flow in individual channels appears
to be the most satisfactory method. It seems feasible ta dn this
by mounting measuring devices on the shield plurs in the front face
of the pile with those devices connected to recording instruments and
an alarm system, The major difficulty with air flow measurement as a
method of detecting swelling is that large changes in the cross-section
of a slug result in small changes in the air velocity.

Experimental data have been ebtained teo show the reduction in
air velocity as a function af restriction of a normal channel cross-
section., Air velocity measurements were made with a Velometer in a
six fort long meck-up af a pile channel lcaded with wooden dummy slugs.
Lucite pieces were used to simulate verious degrees of swelling of a
slug. Data obtained for the experimental chennel and extrapnlated to
a 24 foot channel loaded with 15 feet of slugs are reported below:

% Restriction of % Increase in Slug % Decresse in
Normal Cross-Section  Cross-Section Air Velocity

0 0 0

10 22 0

20 45 1

40 &9 6

60 130 19

20 180 43

100 220 100

4 useful monitoring system will be one capable of detecting
significant changes of about 54 in the air velocity. Twen types of
elements capable of measuring such changen are being investigated;
they are a Thermistor and a very small pitot tube. The Thermistor is
a thermally sensitive resistor manufacturec by .estern Electric Company.
It operates on the principle of the hot-wire anemoneter, The pitot tube
is installed in a venturi meking it insensitive to small variations in
positioning and the assembly is small enough to psrmit mounting en the
pile end of a shield plus. A strain gage, differential pressure trans-
mitter mounted on the other end of the plug will be used for transmitting
the velocity pressure to the recorder and alarm system, Both devices
are being assembled by the Instrument Department preparatory to testing in
the mock-channel,

6.3 shielding

4 summary report was completed and distribuied esrly in this
quarter. Progress toward the accurate determinstion of hydrogen content
in magnesium oxychloride cements has reasched a point such that consistert
data are attainable. Enath combustion and Karl Fisher anelyses indicate
water content of about 40%, which is two or three times thet of Portland
cement,

Additives such as calgon end pozzolith were tried in an attempt
to raise the water content. Incresses were of such magnitude that
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additives, unless for stablizing reassons, are of little value.

Further x-ray diffraction data by Bredig showed the
desirability of a 5:1 FgO:ligCly ratip. This corroborates the pre-
vious wark af Hubbel of lellon Institute, Upon the basis of this
knowledge MgCly, is added as a saturated solution until the 5:1 ratio
is reached. If more wetting appears necessary, wvater is added as
required, This differs fram vast experiments when only saturated
MgCly solutions were added to complete the wetting.

In an attempt to fill in the neutron resonance gap between
iron and hydrogen, various metal chlorides werec used in place of hgCl,,
Individual paste samples were made up using lithium, iron, copper,
nickel, tin, zinc; lithium-iron and iron-copper ere alsc used. The
densities of these pastes were taken; then they were turned over te
Bredig for x-ray diffraction studies and water anslysis. A4l1ll samples
appeared structurally sound and will be tested at a later date for
shielding efficiency and mechanical sirength.

Follauwing interest displayed by General Flectric in the use
of magnesium oxychloride concrete for the new Hanfprd piles, a2 large
number of the nuclear physical and mechanical properties were deterninecd.
The concrete made for these tests is called "MO."

Deseriptipn
Iron aggregate

Cement: 7.6 Mg0+1ig0l,+13 1,0
Maximum Censity attainable consistent with high strength

No boron

Compgsition
kg0 7.76%
MgCl, 2,42
Fe punchings 3/4" x 3/4" 47.8
Steel shot 1/8w 21.6
Steel shot 1/20" 14,4

In additinn to the three 16 inch concrete test blocks, a
special colemanite shield was also made, This colemanite shield was
nade vith a front plete nf 0,050" aluminum, sides of wood, and back
of 1/8" masonite with a 2% thick layer of colemanite power contained
therein, The results will be reported by the Physics Division.

4 large number of physics tests were run in the west hole of
the Clintan Pile. Data conpiled ~how that a shield of two inches of
calemanite followed by 48" of MO gives gamma ond neutron resdings far
below tolerance. Relaxation lengths were, for gammas, € cm; far
neutrons, 6.6 cm. fctually with only 36" of MO behind the two inches
of colemsnite, the shield is more than eguivalent to 486" of ' biologicsl
shield for gammas, with neutrons still safely below tolerance,
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liechanicsl tests were run to compare “WHO“ concrote with
Partland. The date shoi it to be stronger in both compression and
tension and twelve times as ductile, as shown belaw:

Properties MO Pertland

Compressive Strength

Standard ASTM 4200 psi (2 day) 3000 psi (22 day)
6 x 12 cylinder (machine 1lirit, did not
hreak)

biodulus of Elasticity

Standard & ST
6 x 12 cylinder 300,C00 psi 3,500,000 psi

ASTH Ream Test 310,000 psi 3,500,000 psi

Liodulus of Rupture
ASTH Ream Test 1370 psi 410 pei
This cancrete ''as found to heve a thermal conductivity about
1/10 that of iron and approximately 50 times that of normsl concrete:
nRoM K - 2.4 B0U/hr £t° OF
Fe (212 °F) K = 30.4 (Perry's Hendbook)
Heat Capacity
n.on \143 cal/e/%
Fe «104
2
The cost of materials as of February 1, 1948 was (305/yd” .
From the physics data and mechaniczl properties, %/'0" shielcing appears

to be a very cheap and efficient substitute for beth ¥ thermal and
biolprical shield. Its behavinr over a long term is, hawever, not known,

6.4 La-Be Source Production (R. B. Brigss)

Testin: of equirment and process for the production of .~100 mg,
Ra-Be sources in Building 706-G has been completed. Twenty-seven dummy
runs vere made with barium bromide as & substitute for radium bromide.
No changes in equipment Ar nrocedures —ere require¢ cduring the lest nine
runs and a recovery /f 100 to 105 percent was demonstreted as based upon

)
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the weights of barium bromice and beryllium po-der adied to the
system in the preparation of each source. The incrisse in weight
appeared to result from the inclusion in the Ra-Re pellet of small
bits of glass and graphite and the absorption of moisture curing
handling prior to weirhing.

For one of the runs, ~0,1 curie of radiocactive bharium
bromide was used to cbtain information regarding the spreading of
contamination. 4fter the run, the only contaminetion found was on
equipment used in hsndling the radioactive material.

1iith the completion of the dummy runs, Tuilding 706-G was
placed in stand-by cradition and responsibility for the building
transferred to the Operating Lepartment. No further work will be
done on this project until orders are received for large sources.

6.5 Haod Design (A. D. l'ackintosh)

A project has been started with the objective of developing
a set of standard hood designs for radisactive work of varipus kinds,

6.6 Small Pump Testing (k. B. Briges)

Testing of small pumps for use in direct pumping of radie-
active liquids to extractimn celumns was completed, except for minor
activity, with the testing of a temporary installstion in the Fot
Filet Plant. Results of the testing prrgram show that standerd pro-
phrtioning pumps are satisfactory for transferring liquids but that
they should be used in conjunction with flowmeters if the flov rate
must be known accurately, Iiinor activity consists of complcting tests
on the life of a stainless steel bellows and assisting the Instrument
Department in the evsluation of new types of flowrmeters.

A Hills-icKenna, double ball check valve in the aqueous feed
line to the column was cpupled vith a liquid piston @f methylcyclohexane
to a Lilton-koy, micrn adjusting, proportioning pump located in the pipe
tunnel. IMethylcyclohexane fed by a second rronmortioning pump into a head
tank at a level abave that of the feed pump and connected into the aqueous
feed tank maintained the pumping system at sli~htly greater than atmos-
pheric pressure. The rate of pumping of aqueous feed was determined by
periodic measurement of the rate of addition of methyleyclohexane to the
aqueous feed tank., Such an installation would not be considered for plant
use but proved to be the simplest, ressonable arrangement of equipment
for the Hot "ilot Ylent test.

Freliminary tests showed that loss of head on the system and a
resulting negative pressure at the pump permitted air to enter the liquid
leg through the packing around the piston. This caused the flov rate to
decrease from the desired rate to zero within a fev hours, The difficulty
was overcome by feeding water or methylcyclohexsne into the lantern ring
in the pecking gland to provide a liquid seal on the piston.
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The pumping system was used to provide aqueous feed for the
second cycle extractimn column during one run. &t the beginning of
the run the pump was adjusted to feed the column at a rate of 70CC ml/hr.
During the following 9N hours no changes were made in the pump setting
and the flow rate varied between 5960 and 7570 ml/hour. ’lthough the
indicated flow rate variation was 23% of the average flov rate, hourly
variations were only 1 ton 7%. It is probable thaot much of the veriation
resulted from errnrs in measurement of flow., The general performance
of the pump was found tn be satisfectory and centrol within *2% could
be achieved easily when pperating a prnperly metered system.

One test has been completed and a second is under way to
determine the service life pf stainless steel bellows in a bellows
pump. The bellows under test are 2 3/4 in. long, 1 in. I.D., 2 1/2 in.
0.D., made of 0.010 in., #316 stainless steel and designed for a
maximum total stroke of 1/4 in. equally divided in tension and cpm-
pression. The first bellows failed after 1,700,000 flexures at a rate
of 3€ flexures of 1// in. displecement per minute, Jater was pumped
at a rate of 5 gal/hr. against 10 ft, of head. The second test is
still in progress after pumning water for 159 days; ,424,000 flexures
of 1/8 in. total stroke at az rate of 3¢ strokes/min. Lurins the 159
day period the variation in flow, at constant embient temperature and

without adjustment of the pump, hss been % 2.4%.

The problem of measuring flow rates of 100 ml/min. of radio-
active solutimns is being attacked with a flow meter based upon the
electrncaleric principle., Heat supplied by an electric heater is
introduced into the fluid through the wall of a pipe within which the
stream flows, Thermocruples upstream and downstream of the heated
section indicate the tempersture difference which varies inversely with
the flow rate at a constant ypower input. This method of measuring flow
has been found tm be accurate within at least ¥2%. The Instrument
Development Sectinn of the Research Ingineering Divisien is providing
for testing an installatlion that will meintain & constant temperature
difference and record the heat input as a measure of instantaneous and
integrated flow. It appears that one of these instellations will nrovide
a relatively trouble-free methed of measuring lov flow rates.

7. Administrative

Lffort

The Technical Divisimn cpntained 101 technical and &7 non-
technical employees at the close of business February 27, 1948, This
is an increase of two and six, respectively, over the figures shown
for the last guarter ending Hovember 28, 1947. ITersonnel changes are
as follows:

Hires
5 Chemical Engineers (Devis, Coughlen, lane, lcLain, Nurmi)

1 Chemist (Lenham)
2 liechanicel Tngineers (Long, Zapp)

o
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Hires (continued)

1 Kesearch Assistant (Kibby)

11 Non-technical employees (Ramberg, Blalock, Bond, largsret Doy,
Delozier, Fowler, Trye, Jolmiston, “mith,
Stradder, ' iggins.)

Terminations

4 Chemical Engineers returned to private industry. (‘’ard, Bornwasser,
Burris, Arehart)

1 Assistant Director transferred to Lrgenne. (Bigler)

1 Chemist returned to private industry. (DeHaan)

8 Non-technical employees (Allen, Parnes, Beeler, Drown, Caraglin, Frye,
Henry, Lively)

Transfers In

)

1 idministrative Assistant from Service Department (VWest)
4 Non-technical employees (Barnes, Hall, Leinert, Tuttle)

Transferred Out

2 Chemists to Chemistry Division (Baldwin and 3avolainen)
1 Non-technical employee (llargaret Day)

7.2 1000 Prpiject Frogress Statistics (/. P. Bigler)

The attached grsph summsrizes the status of developmental and
process design work on the hirh flux pile,

7.3 Program and Space Planning (C. E. .inters)

Scheduling

During the month of December, a hirh flux reactor design schedule
was prepared and issved. ' ith the drastic change of plens announced
December 30, this schedule is now only of historic value. HNo further
efforts have been expended in this direction, and probably will not be
until conditions have stabilized sufficiently to permit scheduling,
Ifforts to prepare a formal schecdule for the work of the balance of the
Yechnical Livision were also shelved,

Space Planning

Based upon the assumption that it is desirable to provide the
Technical T'ivision ith permenent structures to replace the 14 widely
scattered buildings it now eccupirs, and that a group of the arder of
100 technical personnel in this rroup ill be recuired to prosecute
adequately an approved program, reneralized prelirinary plans have been
drawn and a typical persernel distributian chart hag been prepared,

E
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In this building plan, space is not provided for the
Filot Flant group, since it is assumed that the space in the present
and future pilot plants will be adequate. Space is provided for that
fraction of the Chemistry Division's analytical group that is normally
emplpyed on samples furnished by the applied chemistry and semi-works
groups, with some allowance for miscellsneous work for the engineer-
ing groups. This preliminary vlan shows 63,000 eq. ft. of floor space.
A very crude estimate of cost would be 2,000,000, It is not felt that
it will be desirable to pursve the plans very much beyond thet outlined
above until a reasonably firm basis exists for the prenaration of a nore
detailed plan and cost estimate.

Program

During January an extensive list was prepared giving the
items which a group similar to the present Technical Division could
undertake after the work on the high flux reactor tapers off. Te date,
efforts to evaluate this list and prepare a reslistic, long range
pragram for the division have been unsuccessful. It is planned to
continue these efforts until such time as the preparation of a program
becomes possible,



