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INTRODUCTLCN - SUMMARY

Parther considerations ere given of the Recuplex criticality incident in
the 234.5 Baiiding cn April £, 19¢2. Criticality ossurrzl in a cylindrical-
vessel aboub lT%uinches in ID (vessel K~9); ths unit became critical when
1400 - 1500 g cf Pu in the form of plutoniun nitrate solution wers Iradvartently
tragsferred to the vesssl.

The first seoti

(8}

r of this paper describes the neulron multiplication
meésurememts which were mads duriné the draining of Py soiution from vessel
3;9. Subseguent sections includs the results of, further muitigroup diffusion
‘theory calculations whichwire made, bgseﬂ on the exact chemical exslysis of the
solution remaining in K-9 at the time of draining. A further effert was wade
“to improve the earlier estimates of critical mass and voiume which were .calcu-
iﬁted for one and two molar plutonium nitrats solubions. Remarks ers also
glven concerning an apparsnt "shorisge of pluionium”. An alierpate shutdown
mechanism.is discussed based on mass transfer of Pu from an aqueous phase

into an organic phase with subsequent settling of the heavier orgsnic phase
(containing councentratad. Pu) to the bottom of the vessali.

ESTIMATES OF CRITICALITY

l. Vajue Derived from In Situ Neubtron Mulbiplicetsion Measuremsnts
Critice)l Masgs Fhysics persomnel seb up thres complete neutron
woaitoring chanrels in the 2345 Bullding. The elscironics ead

aszociated racorders were located in Corridsor 912 rear the entrance
-

Tre Robot Monitor positioned the first two counters on the floor
behind the SE hood at about 8 feet frowm vessel K-9 (the criticelity
vessel) on April 13. These countsrs wers perbsps the only walts in

the area sensitive enough, and at the same time strategicslly located,
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to obtain any useful information on vessel K-9 while in the sub-
critical =ztate.

These two units were the constituent elements of chamnels No. 1
and No. 3 from the safety circuits at the Criticsl Mass Laboratory.
These are low level startup channels for use in the criticsl experi-
ments with plutonium nitrate éolutions. Ona detector was a fission
chamber, and the other a neutron semsitive scintillation crystal
(sensitive to both neutrons and gamme rays). The detectors were
mounted in paraffin moderators similarly as used in criticality
experiments at the Critica; Mass Leboratory.

As used in criticalityﬁexperiments, the fission chamber was
normally positioned about one foot from the surface of the vessel;

" the scintillation detector, being more sé;sitive, was positioned
about 15 to 18 feei from the vessel. Thus, the fission chamber was
_~ T feet further avay while the scintillation counter was sctually
about T to 10 feet closer in comparisoﬁ to K-9.

During the dreining of vessel K-9, it was pessitle to obtain aﬁ
estimate of the critical volume from the change in neutron flux, i.e.,
from the inverse miltiplication curve. Since the draining process
was not continuous, but somewhat inmtermittent, it was difficult to
obtain an accurate correlation of the observed flux values with solu-
tlon volume in K-9. Also, there was some guestion concerning the hold-
up in the line from K-9 tonthé receiver Yessel.

During the draining process, weight measurements were made of
the solution in the receiver vessel. From these measursments, and a
correlation in time with the flux measurements, it was possible to
.associate the proper flux valueé witp solution volume remwaining in

vessel K-9 (subject to the line holdup uncertainﬁy).



-5 : HW-TTT780

From the reutron flux measurements during the drainling process,
the critical volume in K-9was estimated o be ~ Ll £ 1 liters. The
inverse multiplicetion curve is shown iz Figure 1. This would then
be the critical volume for soiutian of the seme compositlon as existed
in vessel K-9 at the time of draining-~for & solution containing ~
35 g Pu/t and ~ 2M niftma‘,te. |

For this sclution the critical mass in K-9 would be ~ 1.54 Kg Pu
~- or the vessel contained ~ 90% of the critical mass (kgpe ~ 0.98).
Calculated Values of Criticality from Multi-Group Diffusion Theory

The HFN multi-group diffusion cods was used to compute the criti-
cél radius for & hare spheré of the solution found in K-9. The radius
was used to deﬁermine‘the ceritical buckling of the solution. This
buékling was then irn turn used to determiée”the eritical height (and
volume) of solution in the cylindrical K-9 vessel.

The calculated value of 43.3 liters compsred favorably with the
measured value of 4h % 1 litersn The two values were brought into
final agreemen?® by an adjustment of the radial exitrapciation leagth
for the glass vessel (only & slightiy ad justment of 0.l-in was required
from the valus assumed initially). In later calculations, the adjusted
radial extrapolation length of 2.69 cm was used.

The measurements and calculations gave & vaiue of the critical

volume for solution at 35 g Pu/t. The vessel wes rever actuslly critical

a%t this concentration. The conecentration during initisl criticality,
before evaporation and loss of water, would have been less. Adding
water to bring the volume up to ¥6 liters would result in 8 Pu concen-
tration of ~ 30 g Pu/1.

The critical radii of bare spheres were calculated for Pu(NOB)4

solutions, starting with the solution composition in K-9 at thé time
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of draining, and then by adling water +o5 the 39 1llter volums., The
effect of Pu?%° was also accounted for iu these celculations.

The critical redil of the bars spheres wara then usel 4o obtain
buckling valuzs as e funchion of the solution concentration. These
values were in turn used +5 computs the critizal soluticn height es
e functicn of Pu concentraticn im Vesssl K-9, tarough use of the follow-

ing relatiocnship:

_ (2.50b8PR 7
ST, F A r Thg g+ AP

Material Buckling

with o
R. = 22.07 cm (inside radius of cylindrical
¥ vessel -
A, = 2.69 cm (redisl extrapolstion lergth)
Ay = 2.2 cm (top extrapolation lengﬁh)
Ay = 4.3 cm (boktom extrapolation length)

The thickness of the pyrsx glass vesszl wall was 0.8 cm; the bottom
of the vessel consisted of & steel plate one inch thick. The results of
the constant buckiirg conversions are shown graphically in Figurs 2 and
tabulatéd below.

Calculsted Critical Volumes end Masses of Pu in Vessel K-9 (Concentration
Varied by Adding Water o 39 liters of Pu Solukhicn at 35 g Pu/f)

Pu Concen- Critical Buckling Criticsl  Critizel Criticag Mass
tration (16™8ca™ ) - Height Volume of Pu

35 g Pu/s G. 017351, 28.8 cm gl g, 1.54 Xg

32,5 C.CL6T56 30.2 Lg.2 1.50

30.3 Q.0161.6k 31.8 18.6 3.18

28.14 0.015566 33,5 51.5 1.46

25.8 0.014589 37.3 57.0 1.47

23,1 0.0L3479 k2.9 65.6 1.52

21.0 0.012385 51.3 78.5 1.65

*Total Pu incinding PUB40,
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The minimum mass of aboubs 1460 grams Pu i3 cbtairned with & concen-
tration of ~ 27.5 g Pu./,f,; the volume of the solution 18 ~ 5% liters.
The effective height-to-dlameter ratio for this volume is 0.9 (with
this I—I/ D ratio the mass would not have been much less even in spheri-
cal geometry; the H/ D ratic for mizimum voiume in cylindrical geometry
is ~ 0.92).

If one noramlizes the calculations %o 43 and 45 liters (measured
value Lh % 1), then minimum messes of ~ 1420 and 1500 g Pu are obtained
respectively with volumes of 55 and 53 liters.

SHORTAGE OF PLUTONIUM

Since ornly 1365 g Pu were in solutlocn {39 liters st ~ 35 g Pu/y), it is
apparent that criticality could not have beeﬁ achieved through the simple process
of addirg water to the solution remaining in XK-9.

Rings left on the glass walls cf K-9 indicate criticality to have occurred
with 45 - L6 liters of solution.

The concentration needed for criticality at U5 liters is 33.8 g Pu,/z, (152_2
g Pu), and for 46 1iters the concentration is %2.7 g Pu/t (1505 g Pu). By adding
weter to the sclubion (39 liters) to bring the volume up to 45 1iters, the
resultant concentration would only be 50;3 g Pu/e, and at b6 liters, 29.7
g Pu/2t.

To be consistent with the "high water" marks, there is thus an apparent
deficiency of Pu of ~ ,1.1_170 - 160 g; theée are the emounts required %o raiss the
concentration to the critical point at either 46 or 45 liters. The quantity of
plutonium needed to raise the coﬁcenta;’ation from the delayed critical sitate to
prombt criticality is small, ~ 15 g Pu, in compa,rison;to other uncertalnties.

The lower conzecting pipe to the vessel was later found té contain about

one liter or strong organic Pu solution, sn estimated 130 g Pu. When in the
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connecting pipe, this Pu would have had small effect on critizelity in K-9.
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It must, however, have been in solution
during initiel criticality; it is aboud ths anmdies nz2ied o raiss
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aqueous solution, criticzaliiy would have been 1o
of solution at & Pu concentration of ~ 32.7 g/.(;,, or ~v ll.l;u"((::: g Pu.

FURTHER CONSIDERATION OF INITIAL CONDITION FOR CRITICALITY AND FOSSIBLE
SHUTDOWN MECHANTISM

It has been postulated that the reachion wenh critical with a bmal:.
amount of 1i ght organic phase (~ one litsr) on tor of the K-9 agueous.? Several
paragra.phs taksn from the rzport of L. B. Brums are reproducsed balowt (Sx,e arpen-
dix for further details). . -

"With time, TBP picks up plutonium by diffusicn (proven by laboratory data )
and also breaks down to DBP, & TRP breakiown prcduct tha®t bas & itremendous
affinity for piutonium. The TBP-DBP mixturs on top in K-9 conbimually
picked up plutonium. When suffizisent plutcrium was extrasied into the
organic to increase the orgaanic density sbove She K-9 aqueous dsnsity, the
organic went to the bottom, eventually displacing the light agusous in K-9
to ball velve to pump piping.”

"The black ring in K-9* indicates the TBP-DRF leyer; the brown ring was dus
to aqueous evapcration erd liquid equaiizstion im the K-9 outlet piping
when the K=9 vacuum wes firzally bturrnsd off. Tre aguecus did not eveporaie
to sny degree uniil the orgsaic went to the bottom of Ke9 an:’i/ or K-9 oute-
let piping. TBP-DBP has &. Jow vapor pr*ss e, and hence, crly some CCy, -
evaporated."

The reaction woulld then have terminasted itsslf as a cmssqm;me of 1) plu~
tonium mass traqsfer i“‘com' the aquaous %o *the TEP-DBP phase (atcub 100 g Pu); as
the density of 'bhe organic mar eased above the k-9 a,que&:uas density, it would
have settled to the bottom of the vessel, and aliso 2) through &guieous evVapora-

tion. The mass transfer and subssquent settling would have reducsd the concentra=

tion to below the critical point irrespsctive of evaporzibiou.

-1 Bruns, L. E., Preliminary Report on Interaction of’ Seiple Resulits Pertaining
to Criticality Imcident in Recuplex, May T, 1962.- 4 '

* N . . . .
. Estimated to be at 46 litsrs.
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FINAL CCMMENT

Although the a.bove wechanism may seem complex, it is consistent with the
critical mass ca.lcula.tions a.nd with plutonium c:hem.istr’yy and 1t seems necessary
for' predicting a critical volume in confomity with the "high water" ma.rks on
.the glass ,vessrel. Indeed without the plutonium found in the organic phase in
the <:onnecting pipe a.t the bottom of K-9, criticality does not appear to have
been p0551ble at a.ll° 'the estimated 68 g plutonium found in solids in the vessel
was probably not in solution at a.ny tlm e.nd therefore, does not effect these
conclusions; according to the calculations this amount would have been insuffic-

ient to cause criticality even if it were in solution.
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AFFENDIX
PRELIMINARY REFORT

INTERPRETATION OF SAMFIE RESULTS
PERTATNING TO CRITICALITY TVCIDENT IN RECUPLEX

REVISION 2 Yay T, 1962
Further sample'resul'fm 8znd other new evidence have lsd to some revised
conclusions and some additioral conciusions. Since more sampling, more
sample results, and more evidenze will be fortheoming, contirued revisicns
will be made (if significantly different than the previous revision) until &
final report is written. Revision 2 takes precedence over Revision 1.

SAMPLE RESULTS AND OTHER EVIDENCE

K-9 Tank Soluticn in Piping Below K-9
Pu X-Ray  35.1 g/ Above Vaive 431 and Betwsen
X-Ray  34.9 g/t Valve %31 and + Turn Bell Valve:
X-Ray 344 g/s, ) 196 g/2 (organic)
(Volume of Sclution ~ 1 4; total
Sp. Gr. 1.118 Pu ~ 109 = 130 g)

Bal40 2.3 x 108 fissions/t,

HNO, 1.06 M Zr-Nb 4.6 x 1P fissions/s,
Rul®® 3.8 x 1¢° fissions/s
Total Fe 0.052 M . | '
+ : Suction Side of K-G Pump:
H 1.5 M |
v . Pu 186 g/t (organic). ‘
Na® 0.018 M Bal40 2.0 x 10° fissians/t
- Zr-Nb k.9 x 1P fissions/4
NoO 1.96 M Rulo?® 3.7 = 1 fissions/1
A% K-9 Pump
SOZ 0.11 M Pu 145 2/ (Isw drops organic
found ) - ‘
;'M_+++ 0'59_ M
v, * C.013 M
F 0.ck M
L 0.0k M



“ 13 - ‘ HW«-'fTTBO

Fission Products:

*
Rul®3® 2,20 x 10'® fissicns/4
*zx98 2 x 10'® fissions

, . issions/z
*
Bal40 1.6 x 10'® fissions/f

Back calculation to 11:00 AM.

Fission Products Found: M9, (2143, Te.I19% N4l47, Rul03, Zr-N°%, Ba-la.

Distribution Coefficients:

K-9 solutim versus 15% TBP in CCl, {squal volume) E ofa = 0.22.
K-9 solutia versus 25% DBBP in CCl, (equal volume) E o/a = 5.0.

Pu Valence:

A1l PulV

Spectrographic:- )
Al and Fg strong . 1% -
Cu and S, moderate 0,04 - 1%

Mg end Mo, trace to moderate 0.001 - C.1%
Otkers, interference |
K-1 TANK Tobal Pu

Aquecus Poase: 0.39L g/t Volume = 1407 £ 42.0 g

i

i

Orgaric Poase: 2.68 g/,(,* Volums = 110 2 295.0 g

337.0 g
(Fe = 0.042 M in aqueocus phase.)
* ' ’
300 Area Pu = 2.k g/3,
K-2 TANK
Aqueous Fhase: 0.022 g/t Volume = 83 2 1.9 g

*
Organic Phase: 2.4 g/t Volums

i

192 ¢ L60.C g
461.9 g

*Avera.ge of 8 results.



L-2 TANK .. Total Pu
Aqueous only: 0.043 g/  Volume = L45C ¢, 19:4 ¢

(Fe = 0.004 M)
1-3 TANK

Aqueous only: 0.472 g/4 Volume = 850 ¢ 402.0 g

(Fe = 0.007 M)
1-8. TANK

Aqueous only: 0.027 g/,(, 'Volume - 565 4 15.2 g

(Fe = 0.017T M) |
SE SUMP

Sump Top: Aqueous Pu - l.2g/t

.' Fe ' 1.15 M

Organic Pu 120 g/1

Sump Middle:

Aqueocus Pu 0.73 g/2
Fe - 1.15M

_ Orgenic Pu 120 g/¢
Sum;g“Bottom:
Organic Pa 55  g/4
NOIE: Indication of small amcunts of fresh fission products.

OTHER EVIDENCE

1. Ball valve between K-9 and the SE sump was found closzd and not
leaking.

2. A leak point between H-3 and J-2 has been found.

3. H-2 colum drained, indicating either an organic leak %o the floor
or to the receiver tank, H-10.
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INTERPRETATTONS*

1.

2.

Thé incident occurfed in the K-9 tank.

The aqueous solution.that existed in K-9 is estimated &s follows:
1 4 FS solution (by NH,* enelysis)
2 4 salt solutiom (by Alt++ aualysm)

35 1 product solution (analysis similar to H~3 column product being
processed at tims of and before incident)

38 4 Total Aqueous
At the same time H-3 product solution leaked to the sumps, organic leaked
to the SE hood floor. Before reaching the aqueous in the sump, tha C’Cl;
evaporated, leaving a greater than 80% TBP solution floating on top of the
aqueocus. If the organic cams from ths H-2 colummn, iritially the plutonium

concentration in the high percent TBP organic would be low.

' Aqueous was first transferred to K-9 until the light organic layer vas

approached. Then & combination of aqueous and light organic went to K-9

(the sclution that ceme from the bottom of the K-9 tank should be':checked_

for organic).

The reacl:‘tion went critical add a small smount of ligh{: organic phase existed
on top of the K-9 agqueous. |

WiAth time, TBP pi;:}«:s up plutonium by diffusion (proved by laboratory data)
and also breaks down‘ to DBP, a TBP treakdsmm prd.iuct thst has & tremendous

affinity for plutonium. The TBP-DBP mixture on top in K-9 combinuslly

picked up plutonium. When sufficient plutonium wes extracied into the

——

organic to increase the organic density above the K-9 aqﬁeous density, the
organic went to the bottom, eventually displacing the light agueous in the

K-9 to ball valve pump piping.

* :
Calculations and explanations of tke above inter retations wil & i
"the final report. D or:s will gprear in



10.

12.

13.
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The black ring in K-9*indicates the TBP-DBP layer; the brown ring was due
to aguesous evaporation and liquid equalizaticn in the K-9 outlet piping
when the K-9 vacuum was finally turned off. The aqusous 4id nob evapor-
ate to any degree until the organic wemt to the bottem of K-9 and/or
K-9 outléf piping. TBP-DBP has & low vapor pressure, asni hence, only
some CCl, evaporated.
The reaction Wwent sub-critical by plutonium mass transfer from the aqueous
to the TBP-DBP phése and by aqueocus evaporation after the organic pra.se |
went to the bottom of K-9. |
The same thing that happened to the organic irn K-9 happzned on the SE
floor. In the sump, the ratio 6f organic to aquscus was high, wljti;l.e in
K-9 it was low. In the sump, almost all of the plutonium waz exbracted
from the aqueous to the organic. h
The TBP (or IBBP) percent in sny of the Recuplex tanks rarely exceeds 30
percent. All organic systems in Recuplex usually have an ajueous cap.
Even a very th—in sgueous cap (K—2 situation for sample) will prevent CCl,

evaporation. The floor, when relatively fres of & mnc-h s prasects &

“

large surface area, hence, rapid evaporation of CCl, takes plsce m".‘;h the
high eir flow through the hood. |

ﬁhe equilibrium ssturation point for 25% TBP (or 25% DBP) is about 85 g/4
plutonium, for 80% TBP; sbout 260 g/s plutonium.

It is postulated that the K-2 aqa:aous cap wé.s small b&%ei co the ra"he“k
K-2 'a.na,lyses, 2.4 g/{,. If sump material came up witk drganic from I-2,
enough mixing should have taken pia.ce to substantially increase thes plu-
tonium content in the, DBBP organic.

A leak was discoverpd between the He3 columm and.the J-2 tank. This would

have given a constant supply of H=3 product to the floor via black “kron

*Bstimated to be at' 46 liters.
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supports. A sample of the crud at the leak point indicated 37 percent

plutonium by weight. It is comcluded that this was plutonium niirate.

L. E, Bruns
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