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The details of the flow of materials through the D=Building Plutordum
rurification Process and related operations are given,
gzviug detalled instructions for the eperation of each process are inciuded,

The conditions prevailing before and after each chemical operation and the reacticms
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iuvolved in each step are shown in flow sheets for each process.

ion operations modifications of each pracess made for greater ease of .operation

and higher yields. The reasons for and the details of sach modification are

given.
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PURIFICATION PROCESSES

D=BUILDING PLUTONIUM PURIFICATION

i, Intreduction

The following section presents the details of the flow of piutonim
thpough the purification procegs and related operations.

Plutonium arrived at this site in the form of a thick paste of Pu (IV)
and (VI) nitrates, contained in a specially constructed stainless-steel "bomb".
(Construction of bemb shown in IA « L409), This material and a Pu (IV) nitrate
solution frem D-Building Recovery Group werc the starting materiaia for purificat-
ion operations.

When received at this sits, the "bambe" were checked by the Monitoring
and Decentamination Group for leakege and resulting externs) contamination. If
found satisfactory, or after decontamination, the "bomb" was sent te storage
through the Quantity Control Group. This group authorized and supervised the
transfer of plutonium between designated space units.

The first set of operations performed by the Plutonium Purification
zroup oconsisted of the preparation of' the solutiom used as starting material for

The aetual purification aperations. These eperations were termed Cut QOperationsy.

‘"he equiprent usec during cut operations is shown im LA < LO9,
Furifacation of plutonium was by one of three procedures, designated
A, B, and C. Each modification was developed to effect simplification, redustion

+iy operation tvime, and higher ylelds, The various changes were adopted ag the
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kvrd ana magnitude of the impurivies present in the insoming material became
imown and as the purification optainsd by large seale operaticn bocame better
understood.

After purification the main charge of plutonmium was in the form of a
siurry of Pu (III) oxalate. This was sent to the Plutonium Dry Conversion Group
far further processing., The supsrnatant and wash solutions fram precipitation
reactions and the residue from ether extraction contained appreciable amcunta of
plutonfiun. These sclutions were acidified, to dissolve plutonium compounds,
samples taken for plutonium assay., and the solutions senit to D=Bullding Recovery
Group.

The continuity betwesen, wut opserations, purification, and treatment of
supernatant solutions is shown in Fige 1. The details of these operations are

given in the sections which follaw,
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Flow of Plutonivm through Purifédapied .3, &,. i.°

and Related Operations

W Bite CUT CGPERATIONS D=Building

S v e . ..,..‘

recavery
I. ROUGH COT

Pu (IV) & (VI) nitrate

paste in stainless steel Pu(IV) nitrate solution

"bemb" - | 1 (&) Disaoluticn of paste.]| in tared stoxage

‘], ) botle,

(b) Transfer to storags |~

| Monitoring and Decontamination| battle

l‘ {c) Withdraw samples fer

| Storage Ji ~—— fine cuf.
(d) ¥ain portion to -

Lguantity Control ‘-4 storage.

(a) Prepare samples for

' L»> radio massay and jm-
. purity analysis l

I Plutonium Assay F‘ .
' Quanity Contral o
Impurity analysis lt \L J
’ Storage
' Quanity Contrel
)
Purification Supernatant solutioms
Operations and Pu bearing residues,
Fa(C20% )3 ' .
slurry
J
l Quantity Contrel
- T
’ [ Plutonium dsy oonversion.!. vee coo o see o
I
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Methods
Rough Gut Procedure "H" Batches
(1) Request authorirzation fran Quantity Control Group to move "bomb" frem

(@)
(3)
(L)
(52

(6)

(D
{8)

(2)

(10)

{1)

storage to out room.

Open "bomb" and add 300 to 350 ml of 1.0M ENO§°
Stir for 30 minutes.

Weigh storage bottls (with cap) empty. (Record on sheet )
Transfer soclution from "bomb" to storage bottle and wash "bomb" with
M=HNO; until volume in bettle * 800 ml.
Weigh storage bottle (with cap) full. (Record on sheet #1)

Stir solution in storage bottle for 30 minutes.

(a) Taks 1-ml cut with pipette calibrated "te deliver" and add te tared
sumple bottle (l-m} volumstric flask), garked. with batch number (Record
calibration of pipet on sheet #1)

(v) On every temth batch, stop stirring, taken 10-ml out with a clean,

d?y pipette aad deliver into a clean, dry 12-m) graduated centrifuge cone.
Place storage botile in boron can and request Quantity Contrel for
authorizgtion to move it to storage vault,

Trensfer samples {l-ml, and 10=-m) if taken) to Pine Cut rcam.

Rough Cut Prooedure "R" Batchos

Deliver to the Recovery Group a tared, empty storage bottle, with cap
and lucite liner, in & boron can. {Record weight on sheet #1)

Receive storage bottle from Recovery with solutien in it,
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(3) 1If assay indicates the amount of plutonium is not in the range of 152~
168 grams, caloulate amount te be added or romoved.
(L) Add or remove calculated amount from storage bottle.
(5) Dilute to BOO ml with E&?HNO3 and proceed according to steps to 6 to 8
{a) inclusive under Rough Cut for "H" Batches., (Record data on sheet #1)
{(6) Proceed according to (9) and (10) above.

Fine Cuf Precedure

(1) Weigh sample bottle from step 8 (a) of Rough Cut., (Record weight on
sheot #1)

{2) Weigh 100 microliter calibrated pipet and holder empty. (Record weight
on sheet #1.)

(3) Teke 100-microliter cut from sample bottle, wipe end of pipet with
Klsenex and place pipet in holder,

{4) ¥eigh 100=-microliter pipet and nolder » full. (Record weight on sheet 1)

(5} Transfer 100-micraliter sampls to' & 10-ml volumetric flask marked with
batch nunber and leéter Ao |

{6) Wash pipet three times with 5M HNO5 into flask.

{(7) Wash and dry pipet on vecuum pipet cleaner.

{8) Repeat steps (2) to (7) inclusive, except volumetric flask is labeled
with batch number and letter B. Tolerance weighing of + .03 between
duplicate aliquots of A and B.

(9) On every twentieth "H" batch take & 100-microliter cut and deliver with

o HNO:,’ inte 1 ml volumetric flask. Mark with batch number and the

e 200 Cow e cvy 0
loetter S. (Record on shest #1 that cut )mss e 3% 3 tg:ken,‘g ‘é 3,6'

.
o0 poe o0
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Dispoeition of Samples Taken During Cute Opsraiiosts See oo

The main portion of the solution remained in a storage vault until
results of plutonium assay indicated plutonium present was in the range 14O to
170 grams of Pu. It then was ready for purification cperations.

After fine cut operations the l-ml sample, taken in step 8 (a) of
Rough Cut, was in three portion. (With every twentieth lot, in four portions)
Two 100-micsbliter samples plus pipet wash were im 10-ml flasks marked with batoh
number and letter A and B. These two samples together with an assay reguest (shee®
#2) were deliversd to the Radio Assay Group. These samples were used for assay
of plutonium by a radie chemical counting teohnigue. The 800 micreoliters (700
microliter with every twentieth batch) reaualining in the éamplo bottle, wers de-=
livered to the analytical laberatory. At the same time, a request for analyais
(sheet #,) was given to the analytical office, Tho sample was used for assay of
plutonium by a titration method, for the coélorimetric determination of iron, and
for quantitative determination of all elements detectable by direst copper spark.
With every twentieth batch the 100-microliter sample, worked with batoh and lstier
S, was sent to group R=4, and used for the determination of spontansous fission
rate,

The 10-nl cut, taken on every temth "R" batoh was centrifuged, and 2 m}
of the supermatant transferred to a clean dry test tube, marked with batch numbsr
and the letter M. This sample was taken to the amalytical laboratory for boron
anelysis. The remasining supernatant, ~~ 7.5 ml, was transferred to a clean dfy
volumetric flask. This sample was delivered te the analytieal laboratory and
uged for "camplete" analysis by the best method available at the time. The
go)lids remsining in the cemtrifuge come, were tramsferred and washed with small

vortions of ¥ ENO,, to a tared=2ml Gooch-Momroe orucibl

6. Thes moiii mtents
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wore taken to the analytical laboratory, where it was dried and weighed., The
solids were later analyized by spectro-chemical methods,

Data CObtained by Cut Operations

(Data recorded on sheet yfl). From the weight of storage bottle empty.
and full, one cbtained the total weight of solution for the batch. {Rough Cut
Procedure #li & #6). The density of the solution was obtained from the weight of
the l-m} cut {taken with calibrated pipet) and also from the weights of the two
100 mioroliter cuts, Densities caloulated from l-ml and 10Q0-microliter cuts
usua;ly checked to better than Qoﬁ%o Originally, densities were calculated
from duplicate leml samples and duplicate 1lOO-microliter samples to determine
which would be the more precise method., There appesared to be little difference
wetweoen the methoda, but sinse twe 10C-microliiter sgmyles were taken for radio
assay, salculation of density from these samples afforded a means of obtaining
duplicate density determinations. Heowever, the weight of the l-ml cut whenm
sampled and its weight when usgd 1; the analy?ieal laboratory was a Genvenient
check on the extent of evaporatiom. Therefore, the weights of the leml and the
two 100-microliter samples were taken, and density calculated from each.

The total volume of sslution was caloulrted from the total weight of
solution and its density. This was more convenient than attempting to measure
the volume of such a highly active solution.

Only calculations from radio assay data required a knowledge of the
density. The chemical titratien of plutonium was on a weight basis, i.e. determined

and reportved as grams of plutoniym per gram of soluticu.
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Explenation of Data Sheets

The following eipght shoets are examples of the sheets used to record
and accumulate data for each batoh processed by the purificatioﬁ group.,

Shest #1. Data from Fine Cut and Rough Cut.

This sheet was taken inte the cut room and the data recorded as the
steps were finished, When the fine cut procedure and rough cut procedure had
supplied the data through step (10), the sheet was turned over to the Recorder.

Sheet 2. Assay Request Sheet.

An ostimate of the preduot concentration was made and this sheet made
out accordingly, by the Recorder. The cuts, plus the request sheel, were then
taken to the Assay Group., The remainder of the sheet was filled out with the
sssay data,

If, on sheet #2, the deviation was less than, or equal to, the total
arvor, and the product concentration was within the limits 10 to 170 grams Puo,
the Regorder accept the assay by initialling the sheet, This shest wag retained
by the Assay Group. |

Sheet #%, Data from Assay.

Upon completion of the determination of the plutonium concentration by
the Assay group, the data sheet #3 was returned te the Recorder., This sheet comn-
tained only the informetion fram sheet #2 that was pertinent for caléulating the
total present in a batch.

ONCLASSIFIED - A———

APPROVED FOR PUBLI C RELEASE

1led upder the Run Number.




APPROVED FOR PUBLI C RELEASE

N e 5 £ 5 TE

With this data, shest #1 was completed, and the total amount of plutonium in the
batch calculated.

Sheets #Li, #5, #6. Analycis Request Sheets.

These shests were used to regquest analyses of the cuts taken during
Fine Cut. Requests were made on Sheet #L for all but every tenth batch. Or
every tenth bateh which required & "complete" analysis, sheets #5 and #6 were used,

Sheet #7. Report of Spectrochemical Analysis.

The results of direct copper sparl; pyroelectric analysis, and gup-
ferron snalysis were reported by the analytical laboratory on this sheet.

Sheet #8, Annlytical Laboratory Report.

All constitments not determined by spectrochemical methods were re~

ported on the zheest,
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Purification Methods

-

Threa .rocesser were developed for the purification of plutenium. Eaech
process consisted of ons or more of the follewing chemical operaticns, each of
which had desirable separation factorz of plutonium from varioue fimpurities; (1)
precipitation of Pu (III) exalate. (2) of sedium plutenyl acetate, and (3) ex-
traction of Pu {VI) nitrate from aquesus solutien with diethyl ether,

The first process to be developed, designated Procedure A, consisted
of the.following chemical operations: (1) reduction of Pu (IV) or a mixture of
Pu (IV) and Pu {VI) to Pu (III) with KI or HI, (2) precipitation of Pu (III)

oxalate with oxalic acid, (3) oxidation of Pu (III) oxalate with HNO, and NaBrO,,

3 3
{4) precipitation of sodium plutonyl acetate, (5) dissclution of sedium plutonyl

acetate into xwo5 and HHI;N%’ (6) diethyl ether extraction of Pu (VI) nitrate,
NBhNO3 ae salting out agent, {7) redustien of Pu (VI) %o Pu (III) with HI, anq{
(8) precipitation of Pu (III) oxalate with oxalic acid. i
In the first three modification of the A=Procedure, the {irst reductson -
vas carviec out with KI. It was first assumed that the starting material vas
ossentially all Pu (IV) apd the reduction reaction co#ld oe represented by;-
C ORI US> R YLy L~ ' [
Spectrophotometeoric analysis of the starting material indioated that
from 30 te 70% was Pu (VI), assumed to be 2Pu02*f-u The reduction of this iom,

with icdide, was assumed to proceed according to:-

(2) 2Pu0f* + 1"+ B —y2pdC + 3174 LB
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Reaction according to (2) requires the presence of hydrogen ion in

order that reduction be complete, In that no setisfactory method of determining

hydrogen ion concenfration in cencentrated plutonium'solutions had been devised

the requirements of] (2) were satisfied by substituting HI for KI in A=l and

iatter procedures. *

Experience indicated that the reductior of Pu (IV) and Pu (VI) more

closely follows the following equations than (1) and (2) ¢-

- +
(3) 2Pu0™ + "+ L 2Puii*13 + 280
() 2puol” + 91" +eg" —— 2pd +513 fhEQO
No experimeptal evidence oxists to indicate the predeminence of Pu

t*
(iv) as 2Pu0 over any other possivle form of ionm. However, the behavior of

the system during reduction and subsequent operations indicated that (3) and (k)

are a gocd approxipation of the reduction reactions.

To insure as complete reduction as practical {~99.9%) and te complex

the 12 formed duripg reacticn, as I_", the following conditions were adopted,

HI, in the ratioc of 8 moles per mole of plutonium, was added te the solution to

be redused, at a temperature of 17°Cap or less., Reaction was complete in twenty

minutes. Specification of a maximum sterting temperature was necessary in order

that the peak temperature during reaction be below the peint where volitalization
ol 12 becoeme approcliable, and that & resction between Ih end HNC. be prevented.

Precipitation of Pu (III) oxalate wms the most trouble free purification

step used. Addition of a nearly saturated solution of HEC 0, (0C.674) to n

2L -

solutior immediately following HI reduction and allowing twenty minutes for the
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precipitate to form, with stirring, produced a precipitate which settled readily.

The prime function of the Pu (III) oxalate precipitation was the removal of

wranium. Under operating cenditions uranium was removed by a factor ef approximete=

1y 20, lLanthanium, present the extent of approximately 30,000 parts per million

of Pu, was practically quantitetively precipitated during this step.

Preparatory te acetate precipitation end ether extraction the plutonium

was oxidized to Pu (VI)., Oxidatiom was aceomplished by the action of HNO and

NaBr05 on a slurry of Pu (IIX) oxalate, at olevated temperatures, After addition

of HNO3 and a solution of NaBrO3 to the slurry, the temperature of the mixture

was raised to 75%C., ard maintained at that temperature until the precipitate

was dissolved; (approximately a half hour). The temperature was then raised to

93%., and maintained for one hour. The reactions invoived during oxidation were

assumed Lo proceed according to:e
t+ t+
(5) 5pu2(02%)3 + 123ro3- + 32H ey Ji.omoa + <’:x3r2 + 30c0,, + 161120

: - + +3
(6) 5Lag(Ca0) )y # 6BrOye + 36H ey 101877 + 3By, + 3000, + 16 0

The disselution of the Pu (III} oxalate at an intermediate temperature

centrolled the rate of evolution of Br2 and CO ,

SJevoral eases of incomplete oxidation were experienced, This was

evidenced by ipnability ta dissolve the oxalate precipitats, even with prolonged

neating at 93%c, The only satisfactory method of rasolving the system was by

addition of a twa-fold excess of HNO3 and NaBr0 and heating for smoveral hours
: 3
at 93°%¢.

% ldbwed SHlalteridation.
& * [ )
o [ T4 o °

The precipitation of sodium plutonyl aos?fiﬂ'
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The conditions for precipitation with acceptable ytelds were much more critical
than during the formation of the Pu (III) oxalate. The presipitaticn reaction
was agsumed to proceed agcording to;e

(1) Puoaw+ 286 + Mol ) K“P"Oz“a

The solubility of the cempound was studicd ag a function of sodium iem
goencentration. In the pregence of sediun ipn concentrations up te approximately
34, the selubility shows a marked decrease with inereased sedium len oconcentration.
At approximeatsly 20°C, in water, the solubility is 19.5g Pu per liter, in LM
sodium ion 0.07g Pu per liter. Precipitation vas frem an HAe-A6™ buffer (~0,251
HBAc & O.5M Ac™) with a pH~ 5., Because the hydrogen jon concentration was ne%
precisely known after oxidation it was necessary to titrate the oxidized solution
with €he acetate precipitant, in.order that the composition of the supermatant
be within prescribed limits. By slowly adding precipitant, with stirring, the
oxcess acid from oxidation was neutralized, the end point bsing the appearance
of permanent precipitate of sodium plutenyl acetatso

After neutrrlization of excess acid, an amount of precipitant sufficieant
to form “he precipitate and estadblish optimun conditions in the supernatant was
added, Ia order to form a precipitate having desirable settiing properties,
control of temperature and of rate of addition of precipitant was necessary.
Addition of the precipitant, as dilute az practical, at a rate of 50 ml., per minute,
or leas, to a solutien at 65°C° inmnecd a preoipitate having desirable propertiea.

Precipitation above é5°., inoreased the settling rate but also increase the lass

through increassd solubility. The function of acet:g%f; 'ﬁée&p"’pitﬁ:ﬁ?é’\.{fs to remova
e o L X ] » o0 o L ]
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lantheaum, and te reduce the volume of solution to be ether extracted,
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After washing, the sodium plutonyl acetate was dissolved in HI»'O,> cons-
$aining NthO§s° .

(8) NaPuOnc, : 3HNO, —o Ha' . Pu0, - 3BAc 3N0;'

- The NH‘LLKO3 ected as a snliing out agent for the ethsr extraction te
folléwu Excess reagont was added so that the hydrogen ion concentration was
approximately 1.5M, and the ammomium nitrate approximately 8.0M.

Ether oxtraction while being the most efficient overall purification
operation was the most difficult step to engineer to large-scalo operations. For
gatisfectory production work it was required that the operation be comtinuous,
gompletoly enclosed, and rolatively fast. Ths first twe requirsments were met
by bullding a modifisation of the ocommon Soxlet extracter. The mechanism of ex-
traction was unknown and partition coefficients were only quelitatively determin-
¢d se that optimum conditicas feor fast extractiog wore determined more or less
by trial and erxor, The xosults of experiments using UOL;,(NO;)g as a "stand-in"
and finally with PuOQ(NOB)2 indicatoed that high nitrate ion activity and iow

tenparatures inereased the ratio Pqu(N05)2 in ether to Pul, (N in water,
: z

03)2
High nilrate ien activity was achioved by the additien of concentratesd solutions
of NH,NO5 (in all A produces) and of Ca(N%)a (in aldl B prosedures). Nitric aeid
0
vag extracted with PuOQ(NO7)2 and 4if belaw a certain initial value, extraction
2

of Puoa(NO5)2 #topped before complcte‘removal frem the equeous phase, Optimum

initial hydrogsn ion conoentration appeared to differ with the salting out agent

used with NHL‘NO3 (A=procedure) initial hydrogen ior_-:.zim;.észr;é;at.?‘;o;%;;ié&ter than

[ o0
3 L ]

svproximately 1,34, and with Cv(N%?;%ASS\EL&vgr?&P c{zg:tfl}t:n:;zag;ignmtely

L ]
L] L4
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O.LM, gave satisfactory extraction., The rate of ether pass was run at the maximum
attainable with the equipment. The limiting factor was the heat transferred into
the boiler. Extraction gave the greatest puf;fication from a gréater nurcber of
element than any other opegation. Only uranium, which was presumably quantitative-
1y extracted and chromium extracted to approximately 107 of that present, were the
anly elemeats observed to follow plutonium., Preduction equipment atteined approx-
imately 99% extraction in three hours.

Follswing sxtraction the plutonium was reduced to Pu (III) equation (L),
and Pu (III) oxalate precipitated. The final oxalate precipitation served two
purposes. As well as being a purification eperation, it was a compound which
could be conventently dried, ignited to the dioxide ard hydre fluorinated by the
plutonium dry-conversion eperations.

When purity tolerances were partially lifted, it seemed probable that
a quicker and simpler procedure wauld yleld plutonium of satigfsctory purity.

The first major change in purification operations, cepsisted in elimination of

the first Pu (III) oxalate and the sodium plutonyl acetate precipitations. The
process was desigpated as Procedure B., and consisted of the felleowing steps:-

(1) oxidation of the starting material with HNO3 and NaBrO_, (2) ether extraction,
using Ca(NO5)2 as a salting out agent, (3) reductian with %Ia and (4) precipitation
of Pu (II1) oxnlate,

A third revision of the purification operations, designated Procedure C.,

consisted only of HI reduction and Pu (III) sxalate precipitation. Omly two somi-~

proeduction runs were mede using the C-procedure.
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A sumpary of the ylelds and purification attained iz all production

runs 15 given in 1A = LO6,

Pl w sheets, giving the details of all purification procedures, one

given in the follewing sectious,
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42.00 1. H,0 to Badler

+Praduct to &xt.

Extractor [Initial Product]

Flow Sheet

UNCLASSIFIED

0.80 L
++ (a) 1o

i mr [§le zeen™

- N O 4d)

0.0  Fe*3 (0.02) = 1.0g *

0,005  Ccr*Y 0.004)= 0.2g

0o Nt 0.003)2 0.2¢

0.02M La¥d 0, = 3.0g i

0. 39M BESOy” 0, £30,0g g

0.009%  B,PC; (0.007)%-0,7g §

2,05M ¥0;5 {(1.64) 3
i
i

Sn0, °X H,0, S0, °X H,0  0.3g

" At

+0,20 I 1™ HNG, {0.20) Storage bottle
wash to Ext.

Cool Ext to 179C
+1.00 L 5.5 KI (5.50) to Ext, (©)

Allow 20 min for roductiom

2pu0;” +9I°+8H 52put 4+ 31,7 + 480
2 puotr + 31" 4+ LET =2 pa"? 4 1,7 20 J
‘2 Fe™ +31"° 2Ft+ 17
~ 15 Eeal, heat liberated
Cool Ext. to 259
Extractor [After Reductiox;_]
2,00 L,

0034M puts (0.67)

2,094 : (L4o28)

091K Fe*® (0.02)

0.0024  Cr*$ (0.00L)

0.002M  Nité (0.,003)

0,01y LaT* {0.02)

0.1 HSOy~ (0.31)

0,00LM HyPOg = (0,007)

0,624 NO4~ (1.84)

1.75M (3.L49)

0o 3LM Is (0.67)

510X Hp0: 510, X H,0 = 0.3g $5
APPRO\MNGLASS&HEDQEL ASE 3 %e® eel %ol




:’:;020 L 0067M H~C 0.‘(29114.) to Ext,

LNCLASSIEY

Allow ppt. to form 20 min.

l2pu r3pc.02
c 2 1atd

o
L 9K S

) i P“a. (Cz_of
+ 3 H‘LClwaLab(CbO,L
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)s + 607}
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Alleow ppt. to sattle 15 min.

Withdraw S, Ne

C

P°u4.6 !Sono & ist. Ox.

Extractor [_ist Ox. Ppto, No Wasfﬂ

L.60 L ]
r
1,22 B . (5e62)
0.,004M _Fe' (0,02)
0.0009M crt3 (0-004)
050007 i (0.003)
006 HSO {0.28)
0,021 H,PO,~  (0.007)
0. 3% NO4 (10663
0,584 I {3-15
0.13M Is° (0.60)
0@2& }&0&04 (1000)
60 mg Pu

0.50 L SoNo (f)
1228 HT (0.61)
0,06¢  H S50, (0.03)
0.3  NOs™ (0.18)
0,684 1= (0.34)
0.13M  I4 (0.07)
022  H,CeOy (0a11)
0.10 L Ppt.
Pu,(C,0,) {0.33)
e\VeVy /3
8rO, -X H,0, 510,°X H,0 = 003

the5 L H,0 to BExt.
Suspend ppto. in wash solution
Allow ppt. to settle 15 min.

Withdraw wash

Extractor [lat Oxo Ppt., After lst wash]

0.50 L SoN.
0.2  mt 200063
0.aLN NOy~ 0,02
0.0  I7 (0,03)
0.0l  Is~ (0.007)
0,024  H,C,0, (0.01)
0,10 L Ppt.

Pu,{C,0 0033
Laﬁcfo;g: §0601§

Sn0, <X He0, Si0y-X H,0 = C.3g

APPROVED FOR PUBLI C RELEASE

P-146 [131:,, Wash of

LS50 L

0,12M
00006}1
0.0L4M
0.0T™
0.01M
0.02m

H'&“

HSO,”
NOs
1"

1,
Hy 004

100 mg Pu
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Suspend ppt. in wash golution. e oge see ege see oo, ;
Loson e, 3 3 1 i i :
aliow prt, to settle 15 min. : ! *e* .:.i ece see oo . -
. j - 001K H (0.05)
Fithdraw wash . SONEIN 0,004M NOs™ (0.02)
. ) oOOGM I (0005)
Extractor [Tst. Ox. Ppt., After 2nd waslﬂ 0,001K 13~ (0.007)
' 0.002H H,C .04 (0.01)
0050 L SOND
. 100 mg Pu
0,011 gt iooooé
0,002  NOs~ 0,002
0.006M I {0,003 ) (1)
0,003y, I3~ (0.001) Alkaline Bubbler .
0,002  H,C,0, (0.001) ' '
= 1.50 L Before Oxid, '1050 L After oOxid,
0010 L Ppto +
——— L.5oM Re?  (6.75) thoSOM N S (6.75)
Pu, (C,04) 4 {0.33) 1,004 804 (1:50) 1 0.72M 80z 51009g
IJ:at’;(cz,voJ")s (0.01) 250N  OH (3.75) 10o27u 5045 Oclid
¥ 5 agosﬁ Br (0.82)
SnO, °X H,0, 810,°X H,0 = 0.3g 608 COg®  (0.90)
2o% F,0. 510p°% Bl 'o TN aco; (1.16)
$0.30 L 10M HNO(3.00) to Ext, .
Brats04° 208 = f‘eer”fso / THH0
#0490 L 1,544 NaBros{1.39) to Ext. cozaou = {c¢o '+Hj
CO 7O #H,0 = |2HC0,”
Heat Ext, to 75%C, and hold at 75°C. ()
until reaction is completo Aoid Bubbler C0O o {2.06)
, . Br;, (00’41)
5 Pug(C,0,),#128r0g 7
;,-,i'g ‘fau ’*’?-65& ﬁo)ﬁng 165 Og 1,50 L Before OXido‘ 1.70 1, After 0xid.

5 1a.5(C;0,);6870, 36" l.00m Y (1050) 0.88m u¥ (1,50
210 1ok 7p 381, 73060, + 185,0 1,008 8Oz~ (1o 50) 0.68K NO,~ (3.50)
2
$0.375 L IM HNOL{0.375) to Exto Bra, (0.l1)
from wash ring. Co, (2,06)
5,0 (11.10)
Heat Fxt. to 93°C and hold at 939C for 1 hr.
.]-H‘LO to Ext, to dilute solution to 2.8 L
(0,875 L B,
Extractor @fter Oxidntiogl
2,80 L
0.2UM Puo? " (0.67)
0,404 B ¥ 1,13
0,007  la 0,02
o0y mr  (1.39) S
0021” BI'OJB (0058) o8 o8 e2e 2 00 o
1.10% XOe~ 3,33 - b :
~ U smoy: ¥ 00 dibocd v oo
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$2,00 L {2.75M saac{?) (5.50),

APPROVED FOR PUBLI C RELEASE

3o4M NaRNO, (6.30)] to Ext. [add at
rate ofc-%o ml/:%]ing

B'+Ae” = HAo

Adjust temp. to 65%C.

Pu0??43 Ac” Na| S NaPuO,Ac,
Permenent ppt. should form when
300=700 ml reagent has beon added.

Allow ppt, to setile 15 min.

Hithdraw S.N.

[INAT RCCITIEN

P-2 [Acotate soﬁﬂ

Extractor Ecctato Ppt., No Hasgl

0,50 L SoN.  650c{K?

2.TTH ue'
0.50M Ac”™
0.2 HAc .
0.12n Broy”
2.164 Nog

(1.40)
(0.25)
(0.12
(oooég

(1,07)

4,20 L, 65°%
2,771 v’
0,50 As
0.2Lu HAS
Oolm BI"Og‘=
2,164 NOy
0004 1a**
1 ohog Pu

(11.63)
(2.11)
{2.01)
(0.52)
(9.06)
(0002)

0.10 L Ppt. 65°%

NePuQ,Acs {0.66)

Sn0, *X H,0, S10,°X H,0 = 0.3g

p=2 1EAceta.te ist &mshi

b

fboOO L @o&M NaRO ‘1902)9 00& NaAc (008)
to Ext,

0.35M°FEAc (1.40

Suspend ppt. in wash solution.

Alloa ppt. to metile 15 min.

Withdraw wesh

Extractor [Acetate Ppt. 1st wasﬂ K

|

4,00 L, 65°%

Lo 76U Fa’
0.2%M Ac”
0.3 HA®
0,01M Broy”
L.508 No g

250mg Pu

(19.02)
{0.95)

(2223
(18,02)

0.50 L S.N. 65°C

Lo 76M Na'
0.224 Ac”™ |
Oo3hM HAo

- 0,004 = Bros°
L.50m NO3~

(2.40)
(0.12)
(0.17)
(0,007)
(2,26)

0010 L Ppt., 65°C NaPu0,Ac, (0.66)

SnO, *X H,0, 510,°X H 0 = 0o3g
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SR

Continued =

+1.00 L[L.8M Nawo, (19.2) 0,24 Nesc(0.8)
0.55M BAc (1.40)] to Ext.

Suspend ppt. in wash soluticn.

Allow ppt. to settle 15 min. P=2 [Acetate 2nd wash)|
Withdraw wash =  Lo00 L, 65°%
LoOTM Na' (19.68)
Lo.76% NOg™ (19.08)
0035M HAc (1.42)
00 0015” Bro.’- (00006)
0,20M Ac® (0.82)
250mg Pu
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0,50 L S.Ro 65°%¢ e g e s g,
)4097H N&* (2")"8) .o: 050 E 030 Eoo 20:
hoer Mo~ (2. INCLAS
00;5!! ggi‘: Eo.?(% : NCl "‘QF'ED

0,005% BrOs™ EOOOOI)
0,204 AG” 0.10)

0.10 L ppt. 65°%

NaPuO,Acg (0.66) P-3 [Extraction Rosidug
+lio 50 Lf_éoou NH no_,,j_hoos) 1.50 L
&l BNO; (3.90)] to Exto
Ether
NaPuQ, Ac, + 35" Puo‘b + N’ # 3HAo Br,(trace)
H*;-Ac" = HAe
5.0 L
#10M NH NOg to Ext. mark, 0.4 L (L4.00) -
0.02M H (0.08)
Cocl Ext. to 10 to 15°C. > 8.90 KH, {Lls050)
B 0.62M Na# (3o1l)
Extraotor |Before Extraction) 9.55M NO," (L7.72)
0.00024  Bro,” {0.001)
5.5 L 0. 004 HAc (0.02)
00324 Puo,’ (0.66) S$no,°X H,0, 810,°X H,0=20.3g
A A o (-2 2
0.50M  Nar (3.14) *
1003& NOJ (5 078) 800 mg Pu
8.,00M NHY (Lho50)
0.LiM HAc (2.25)
1.L2% ) (7.82)
0.0002M  Broy {0.001)
Sn0, °X H,0, 510,'X K,0 = 0.3g
jleat Boiler P=3 [h_’_.xtractor Viasﬂl
tDiethyl ethsr to Ext, (Run Extrection 1.675 L
3 hrs. keeping Boiler at ;5-50°C. Wash
Exto walls with ether from wash ring M ;4 (1.675)
after 1 hrs. extraction N NOg™ (1.675)
«5% Pu0,(NOg), extracted Traces HH; , W, BrOy~, Pu, eto.
99% HNO4 extracted '
a HAc oxtrgctod
Withdraw liquid from Ext.

Wash Ext. 1.675 L 1M HNO, (1.675)
0.175 L from Waah Ring
1,50 L from Fxt, Res.

Withdraw wash

Heat Boiler to §93°C and keep at 939 for 0, 5 hrs

Conl Hoiler to 1%°C ¢

UNCLASSIFIED < 437313
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Boiler [Kfter Extracti o?ﬂ

2,50 L
0,268 ruott  (0.65)
3010M Hr (70714)
0,891 HAc (2.23)

3.624  NO,” (9.00)

»

+1.1 L 505“ HI (6005) to Boller

Allow 20 min for reduction.

{2 Puo.2 “ro1™ + 6872 opu’de 33 flmgpj
%,30 Keal heat liberated

Cool Boiler to 25°C

Boiler E&‘ter Reducti oﬂ

2,60 L
0.18Y put? {0.65)
3,111 B* 11.19)
0.87M 1~ 30123
0.27M Is™ 0,98
2.528 N0z~ (9.06)
0.62M NAo (2.23)
P16 [2nd ox. SoNg)
6020 L
» | 1.96M o (12.16)
+3.2 L 0.67M chbo,(aolh) to Boiler Ouly7u I= (2.90) -
0015M I_’. (0090)
Allow ppt. to form 20 min. 1,354 NOg~ (8.37)
Q.33 Bac {2.06)
3
2 Pu’ # 3H,0,0,8 Puy(Cr0,) s 6B 0.17H B,C.0y (1.07)
Allow ppt. to settle 15 min.
Withdraw S.No =aet 800 mg Pu

UNCLASSIFIED
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Boiler E&d Ox, After 2nd was}_l—_]

&

P-146 [211d Ox, 3rd Was_g_]

0,50 L S.N.
0.11M "t (0.055)
0,003  I® (0,0015)
0,001M- Is” {0,0005)
0,0094  KOs4~ (0.0045)
0,003  HAc {0.0015)
0,10 - C17 (0.05)
0,101 H‘;CJO.’( (0.05)
0,10 L Ppto
Pu, (C,04)5(0-33)

$+5.50 L HLO to Boiler

Suspend ppt. in wash solution.

5.50L £
0,009 mt (0.049)
0.0003M 1~ (0.0013)
0,00008 140- (0,0004)
00008k NOy {0.004)
0000034 BAc (0:0013)
0,008M c1= (0.04)
OOOOBM H&CZ‘O# (OOQ‘)
160 g Pu

Transfer Bottle E)xo Ppt. After,

Transfex_-_f
Allow ppt. to settle 15 wmin.
0,30 L SoNo
Withdraw wash | - +
0,009M i | (0,001)
Boiler End Ox, After 3%rd waé] 0,0005M I~ 0.,000012;
= 0,0001M Is"_ 0.0000
0.70 L SoN (1) 0.0008M NO, (0,0001)
D Aot St 0.0003u HAT (0,00004)
* ———— 0,0084 c1” (0,001)
0.009M H (0.006) 0.008M H,C,0y4 (0.001)
0,0003M I {0.0002) ’ ot
0,000l I3 (0.00007) 0.10 L Ppt.
0.0008M NOy~ (0.0005) s
0,0003M HAc (0,0002) Pu,{C.0 2329) 2 155.18 gms. Pm
0.068%  c1” (0.006) 2020yl (329) ¥ 155.18 gm

OcOObM HlC&O,{ (00006)

0,10 L Ppto

PuQ(C’aO‘f )3 (0.33)

Transfor slurry to transfer
bottle and return excsss

Solo to Boiler ‘ 1

wWash. transfer tube with '
Qo1 L 12N BCl (1.20) ]

UNULASSIFIED
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P=11;6 Eransfer Tube was}z‘

0,10 L

22 -l (1.20)

12u c1” {1.20)
Pu trace
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Wash Boiler with 3,00 L 124 HCl (36.00)

I "

P~146 E.s’c Boiler wasl;_[

Withdraw wa.sh

Wash Boiler with 1,00 1 12 HC1 {12.00)

Withdraw wash
Wash Boiler with 1,00 L H,0

fiithdraw wash

fash Boiler with 1,00 L HLO

Withdraw wash

7,40 L
+
10.6M B {36,00)
10.64 ca” (36.00)
traces of
Iﬁ;‘)
Ig *
HAc
H,0, 00
N 0’
P=1L46 [gnd Boiler waah]
1,00 L
124 at 12,00
12u c1l” 12.00

P=1h6 Brd Boiler wasﬂ

1.00 L

Traces Ht
cl

P=-146 Lth Boiler wash

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE "'

1,00 L

traces H'r
cl™ -

e o0 ooo e oee o
e e o ® o o o
e e o e o o
® o o0 o o0 o L
e o e o e o e
€0 00e 000 co0 000 oo
® o 0 000 o 00 oo
e © o o o o o e o o
e oo . . e o 0
e o o . e o0 0o o
* o, g 0 e e o o
.

[
°
[
*
»




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

05":;

STANDARD PROCEDURF. A-8 RESIDUES

P=5 Ecid Bubble;-_:l (£)

oT0 L,
0.86M H™ (1.50)
0.88M NOs™ (1.50)

Pu ~1img

Pag Eﬁkguno Bubbler] (1)

P=146

L2,60 L
1.724 ) 48 (69.66)
0,005 Fo’’  (0,02)
0.0002 crt” (0-004)
0,00007M NiT éooooi)
0,0084  HSO4~ 0.31
0,0002M  KN,PC,~ §o°oo7§
0.27M No, 10,88
0,16M (6.60)
0.01M (1.65)
0,08M n,g,_o., (3+37)
0.05M HAO (2.22)
1.2 (¢} (50.30)
Pu ™ 2120 mg (0,009) 0,00024

P-3

1,50 L (CoHy)a0

Sn0,°X H.O» 540,°X H,O

6.675 L
0,261 ;o (1.76)
6.66M ¥H {4k .50)
0.L7N Na* (3015)
7384 NOs~ éhgouo g
0,00024  BrOs™ 0,001
0.003M  HAo (0.,02)

S0.3g

Pu - 800 mg (00003) 000006M

Evaporated ether in stream of
air in hood

1,50 L.
550 ga’ (6475)
0.73M SOs2 (1.09)
0.2 SOy (0.441)
055N Br® (0.82)
0060" 00,8 (0090)
0.7T7M HCO g (1.16)
P-2.
12,20 L
Lo Lliat ¥a” (50.53)
0,324 Ao~ (3.88)
0,31H HAC (3.78)
0,054 Broz~  (0.58)
3.78M NOs {L46.16)
0,002M La*# {0.02)

‘5.675 L

0,261
6066]!
Ooly7u

70204
0,000214
Q.002M

5"
ey
NOy~

Bro,~
HAQ

(1.76)
(LLo50)
(301L)

(bo:b0)

(0,02)

Sn0, °X H,0, $40, °X H,0 3 0.3g

Pu = 800 mg (0,003 )=~0,0006M

Pu = 1900 mg {0.00L) 0,0003K

10,50 1, 161 HNO4(8.00)

12,70 L

0o32M
30,90
0,60M
0005}&

8 (14.12)
Na (50.53)
HAc T.66
BrO; 50.583
’30 'Y ) . (5)"'016)

8 go ool.;) 0,0003y
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STAMDARD PROCEDURE A=8 REAGRNTS

Amount per Rumn

.Roagent Volume Density Gram Moles
(liters) (g/ce)
B0 19.375 0.997
| BBO,, 1 u(®) 30700 1,032 3070
HNO, , 10 ¥ 00300 1.295 3,00
zmo}p 16 i 0,500 1,518 8,00
HCl, 12 M 45100 1.178 49.20
BI, 5.5 M 2,100 1,50 11.55
caow 0.67H 6,400 1,027 L.288
HC. 0, 0ol M
2°2)," ' 1.10
HC1, 051 M 11,000 1.005 1,10
NE) NO5, 9OM 140,50
HNO;, 2028 L0500 1,320 9.90
%Nos. 10 01400 1.204 L.00
mmro}, 1.5, M 0,900 1.171 1,386
NaAcgl 2075“ 5050
NaNO3 . 3.,0M 2,000 1.260 6.80
NaNO,, L.i5 M 35.60
NeAe? <55 1.255 L0
BNO},, 035M 80000 2080
RaOH, 2350 N 1,200 3075
Ha,50,, 1,00 M 1,500 1.50
“Diethyl Ether.CV 3,20 L 071 —
Total Aq. Solutions 67.97% caomes | ==ooos
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STANDARD PROCFDURE A-8 RBAGENTS

Amount per Run

s...;

Reagont Gram Moles Molo Wt. Grans Pounds
mo,. TO% (=) | 27.40 63,0 1726 5,81
HCl, 387 50020 3645 1836 L.05
P 11.55 127.9 077 3026
haceoz,," 28,0 50368 126,1 679 1.50
NHI;NO; Lh .50 80,05 3562 C 785
HaBro, 1,386 1509 209 0.6
NaAc o 5H,0 9.90 136.1 3.7 0,30
NaOH 3.75 40.0 150,00 0033
mamo5 L2.0 85.0 360l 7.95
Na SO 1.50 126 189 0.42
2 3
(€850, *AcrANE USSR (. - 5.00

esoepe
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Standard Procedurs A=8

Notess

(a) A number in parenthesis following the formula of an ion or compound
represents the numbef of gram moles of the ion or compound,

{(b) It is believed that the process can hapdle a charge contairning from
140 to 170g of Pu without the conditions being sufficiently changed to
cause abrormal losses,

The form of the Pu when it is received is rather uncertain, After
solution, spectrophotometric amalysis has shown the Pu to be about half
in the #6 oxidation state and about half in the £l oxidation state,
When the solution is allo;ed to stand the amount of Pu in the +5 state
decreases, so it appears that}thc-fé state is uot formed by dismutation
of the #}; state after the slurry is dissolved., Besause of its chemical
similarity to Uoéfthe 16 state of Pu is assuned to be Puoéf; The+L
state is assumed to be Puofgnly besause assuming this form helps explain
the apparent loss of 87 during the oxidation in the "B" procedure and
during the first reduction in "A" procedure.

.r

{(¢) The amount H' present is very uncertain. The amount stated in the flow

shect (0.48) moles of free ") is calculated fram the arbitrary assump-
' +
tion that the slurry received from % is IM in total availablo H . The
f/
solution could be as low as 0.30 moles of fres K 4f there wore no

" e o [ ] . .
available 4 in the slurry and as high as 1.l3)imaésiif Shet mélgcular

wolght of the plutonium nitrate wers § n the, npﬂaintng.¥ﬁ%ght of

tho slurry %ﬂhb?@ﬂ%u C RELEASE"'__':'__



(a)

{e)
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The amounts of impurities listed give high averages of the impurities
found in Hanford maverial processod in Bldg. Do The table below gives

the ranges through which the impurities have fluctuated.

Impurity high (g) low (&)
Fe L, o4

or 0.6 0,06
N C.ly 0,04
ia R . 16- 1178 §
scL§ 48. 16.
PQ&“’“ 3. 0.3
Solids 1. 0,05

Sufficient HI is added to'properly reduce the Pu even if it wore all
in the #6 oxidation state.
The oxalate precipitate usually settles to a volume of 300 to 500 ml
and 100 to 200 ml of supernatant is left over the precipitate. Here
it is assumed that 600 ml of precipitate plus supernatant is left in
the reactor and that the actual volume occupied by the precipitate is
100 ml. This volume would predict a density of the oxalate with ten
waters of hydration of 5g/bo, which ie reagonable.
The onuations written for the oxidation are not known to be correct.
It is gquite possible the NO3” plays some part im the oxidation for the
color of the oxalate presipitate has been cbaserved to change color on
the addition of the 1OM HN03°
The purpose of the bubbler is to remove from tho reactor and absorb
the Bra, cobo an vaper and any Pu carried in the spray. The acid
bubbler absorbs most of tho H,0 and Pu in astoldtiesd f‘O“'WQ&Qh the Pu

The alkaline bubbler absotba® ’cn'e"si-". 'iiwf'co and

s UNCLASSIFIED i

may be recovered,

N
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romaining traces of Pu. Air is pulled through the bubbler by means of
& mechanical pump.

The usual amount of Hao ovaporated during the oxidation is about
200 ml but may be much more if the solution is allowed to boil (about
96°%C at an elevation of 7500 ft.)

Probably very little Bro§~ decemposes since the H ''goncentration
is reduced to less than 1¥ boefors the temperatureo reaches 93°¢,

{h) The acid bubbler need not be changed every run. It need be changed
only when condensed HQO from the oxidation increases the volume
sufficiently to interfere with the operation of the bubblers,

. (1) The alkaline bubbler needs to be changed every run.

(j) A&c~ refers to the Acetate ion (0211502°>o

(k) The NaPuly Ac3 precipitate usually settles to a volume of 300 to 500
ml and 100 to 200 ml of supernatant is left over the precipitate, Here
it is assumed that 600 ml of precipitate plus supernatant is loft in
tho reactor and that the actual volume occupied by the precipitate is
100 ml, This volume would pradict e density of 3g/cc for the NaPuOAoy,
which is reasonable (density of N3002A03§2065/ es)

(1) Wwhon a clean transfer bottle is used the flow sheet is accurate. When
a transfer bottle which has not been cleaned is returned by Dry Conversion
{normal procedure) it will contain 150 ml of solution plus precipitate,

' Therefore a volums of only 650 ml should be left in thc boiler for the

transfer, This meens that 150 =l nore of tr§1§ J_.eistswas.;au $oltichon will

UNCLASSIFIED
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go into PelL6 and only 550 ml of supernatant will be left in the boiler

qh3-

with the precipitate.

About 0.,65L of 1M HO3 (0.65) is used in the cut operation and is not
included in the figures given in the table. Figure given in the table
allow for changing the bubblers after every run.

The amount of ether used c¢an be variable. In a tight system only 1.5
to 2,0 L. are veed, If a system leaks, us much as 151 have beon used.

It is assumed here that one 5-1b can of cther is used per run.

L
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STANDARD PROCEDURE A-=8

Operating Imstructions

|

Bottle

ron Can Tot gt. Pu Assay __ gms. Pu
No. No. Ro. Soln. Radio Chem,
Goneral Instruotions
1. Operators initial procedurs at beginning and end of shift.
2. Leave reagent reservoir tubo in reagent bottle after reagent has been drawn
iunto reservoir until ready to use next reagent.
3o  Gloves, masks and coveralls must be worn during entire process. Face shields
must be worn during ether extraction and vwhile handling ether.
L. Do not move plutonium out of space unit without permission of Quantity Control,
Procedure
Step
0. Check controls (use check list attached). Request Boron Can from
Quantity Control.
1. Add 2L E,0 to boiler, '
2. Turn reservoir stopcock to off,
2¢ Turn ocoolant into extractor jacket.
L. Transfer product to ressrvoir and add to extractor.
5, Tura reservoir stopcock to off. I Tt R S P
e o [ X ] L] ve L] L ]
$ 8 L L4 [ L4 [
6. With vac on reservoir, wash produot bottle with ¥00’ml 1M HHo_,
Transfer wash to extractor. with extractor s‘»".:?_a‘r.'in.:i ?‘!?‘r-’.f,:g"i"..gﬁ'._yo
APPROVED FCRIRMM Ao BR-FART. 31 §.2 =i i1




10,
11.

12,

13.

15.
16,

7.

18,

190
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L5

Turn reservoir stopcock to off,

When extraotor temp. £ 20°C, turn coolant off.

Transfer 1.0L 5.5 HI to reservoir.

Add HI to extractor.

Opsrators chanpe gloves.

Allow 20 min from time of addition of NI, for redustion.
Transfer %,2L 0.67M HpCp0), to reservoir.

Connect extractor supernatant tube to P=1L6 bottle,
After 20 min. reduction time, add HECEQL to reservoir,
Twrn resorvolr stopcock to off,

Alter HZC is in, burp extractor supernsatant line to agitate, and
stir for 20 min,

Transfer L.5L 850 to reservoir,

After sclution has been stirred 20 min, step stirrer and allow pot. to
settle 5 min. Blow out supernatant tube and allow to settle 10 min more.

After ppt. has settled for 15 min set supernatant tube 100 ml above ppt.
{~00 m1) and suck supernatant into 7=146.

Rack supernatant tube up when supernatnrt is over,

Close pinchcock on extractor superratant line and open pinchcock on
extractor "burper" line.

ndd water to exirector. Start stirrer when 1 liter H.0 is in.

Close reservoir stopcock.

Stop stirrer, allow ppt. to setile for 5 min, blow out supernatant line,
and aiiow ppt. to settle lor 10 min morc, '

SOLASEIED

Transfer 1.5 liters of B,0 to roscrvoir.  $ 3

line. . .E'

Open ertractor supernatant line pinch clamp pnde alwss axtavwter “burper”
[ ]
L ]
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L,

La.

2,‘-5 <

L5,
L6.
L.
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¥ihen ppt. has settled for 15 min, set supermatant tube 100 ml above
ppt.{~800 ml) and suck supernatant ianto P=1L6.

Rack supernatant tube up, closs extrector supernatant line pinch clemp
and open extractor "burper" pinch clamp.

Add water to extrector. Start stirrer when 1l liter 520 is in.
Ropeat 23 to 28 inclusive, omititing 25.

Transfer 300 md 10@ HNO35 to reservoir. .

Add acid to extractor.

Close reservoir stopcock.

Transfer 900 ml 1.54M NaBrO, to reservoira.

3

Add NaBrO§ 1o extractor.

Close reservoir stopcock.

Start extractor stirrer, turn ecxtractor steam on and start circulating
pumg.

vhen extractor temp s 50°C, turn steam off.

Allow temp. to rise te 75°C and hold at 75°C until ppt, has dissolved,

Viher pot. has dissolved add 375 ml M HNO, through wash ring, raise
temp. to 91°C and hold at 91°C for 1 houfs.

After heating for 1 hour at 91°C, dilute to 2.8 liters and adjust temp.
to 659,

“ransfer 2,00 liters 2.75# Nasc, 5.4M ¥aNO, to roezervoir,

Add solution, with stirring, to extractor, add a rate of 50 al per/min.
or less, (Permanent ppt. should form at 300 to 700 ml),

Turn reservoir stopcock to off.
Continue stirring 5 min after rcagent is in,

Step stirrer, allow ppt. to settle for 5 mip, K
&llow ppt. to settle 10 min, mors,

UNCLASSIFIED :::
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Transfer 4,00 liter L.8M NaNan 0.24 N2Ac, 0.%5M HAc to reservoir.

Change supernutant bottle from P-1lL6 to P2

When ppto has settled 15 min, open supernmatant line pinch clamp, close
extractor "ourper” pinch clamp, set supermatant tube 100 ml above ppt.

and suck supernatent into Pe2.

Close supermataat line pinch clemp, open extractor “burger® pinch clamp.

Add soluticon from reservoir to sextractor.

Koep tomperature of extractor at 659C during washing of ppt.

When 1 liter of solution has been added, start stirrer. Stir for § min
after solution is in. )

Allow ppt. to settle § min and blow out supermatant line. Allow ppt.
to settle 10 min more.

Transfer L.0 liters of Li.8M NaNO5D 0,24 Nadc, 0.35M HAc to reservoir,
Repeat 49 to 54 inclusive.
Repeat 49,

Cloge the supermatant line pimch clamp and open the extractor "burper"
pinch clamp,

Transfer 4,50 liters of 9.0M NE) RO, 2.2 HNO§ te resecvoir.

Turn coolant into condenser, and extractor.,

Add solutlon to extractor. Start stirrer when 1 liter hes bern added.
Turn reservoir stopcock to off,

Transfer sufficient 10M Hﬁhﬂo to reservolr to dilute axtiractor te
5.6 liters. 3

Add NH,
4

‘Turn reservoir stopcock off,.

N03 to extractor.

When extractor is 15%C or iess turm coolant and Pump off.

LSS daidin
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€9. Turn steam into boiler and pump on.

70. Turn extractor stirrer off and fill asther reservoir, turn extractor
and ovoiler stirrers onm,

71, Whoen beiler temperature is 50%C or greater, add ether to extractor
until ether ruas through extractor side arm,

72. Bleed ethor {continuously or in spurts) to kesp boiler temperature
between L5°C to 50°C.

T5. After extraction has run one hour blew out cxtractor supernatant tube.

Th. After extraction has run two hours blew out extractor supornatant tube
and wesh extractor walls down with ether from wash ring.

75. Changoe supsroatunt bottle from P=2 to P-3,

76. Open oxtractor superpatant pinch clamp and close extractor "burper"
pinch clamp.

T7. When extraction has run threse hours, suck H.0 into P=3.

2
78. Turn 1, bubbler on and maintain boiler at 92% for 30 min.
79, Trensfer 1,5 liters of M HNO3 to raeservoir,

80. 2dd HNO5 to extractor.

81. Turn reservoir stopcock off,

82. Viash walls of extractor with 175 mi M HKO§ from wash ring.
83. Suck aecid from extractor with P=3,

843, Remove P=3 ©0 hood, blow air over surface to evaporate ether.

85. Wwhen boiler has beenr heated for 30 min turn off steam and turn on
coolant. Gool boiler to 15°C.

86. Transfer 1.1 liters of 5,58 HI to rssorvoir,

87. When boiler is 15°C add HI, and etir fer 20 gib. 3 3 & § 8.°
e & [ ] L J L ] L d [}

g8. Turn reservoir stopeock to off,

UCLASSIFIED
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89. When boiler is 20° to 25°C turn ceeslant and pump off,

90, Transfer 3,2 liters of 0.67M Hz°é9u to reserveir. -
9. After stirring HI solution 20 xﬁinutesa add H?CQQh°

92, ®hen H C_ O has been added, closégreservoir stopcock, work boiler
"burpcé"ea prox., 20 times, and stiir for 20 minutes,.

9%. after stirring 20 minutes, stop stirrer, allow ppt. to ssttle 5 min,
plow out boiler supernatant Tine, and.allow to settle for 10 min more,

9. Attach P=li6 to boiler supernatant line,

9%, Transfer 5,5 1iters of 0.1M H2020 » 0o1M HCL te reservoir.

©5, When ppto. has settled for 15 min open beiler superpatant pinch clamp,
close boiler "burper".pinch clamp, sot supernztant tube 100 ml, above

ppto and withdraw supernatant into P-1L46.

7. Resck supernatani tubs up, close supernmatant iine pinch clamp, open
boiler "burper" pinch clump, add wash to boiler.

98. After 1 liter of wash has been added, start stirrer. Stir for 5 min
after wash has been added, Close reservolr stopccok.

99, Stop stirrer, allew ppt. to settle for 5 min blow out supernatant line,
and allew te settle for 10 min more.

100, Transfer 5.5 liters of 0.1M Haczohp 0,14 BC1l to reserveir.

101, Repeat 95 to 98 inclusive,

102. Traasfer 5.5 liters'Heo to reservoir.

105, Repeat 95 to 58,

10L4. When ppt. has settled for 15 minutes, open boiler supernatent pinch
elamp, close "burper” pinch clamp, set supernetant tube at 800 ml and
suck superuatant into P-1L6,

105. Resk supernmatant tube wp.

1U6. Disconnect boiler supernatant line and connect,imapsfiar hphitle.
. 9 & v e 6 9 e 3

~

107. Suspend ppt. in supernatant. With stirrer ruipﬁ.x;-}faé;k.}éqéyy.:?atu
transfor bottle.

oo NGLASSIEIED ¢ e SRS
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108.

109,

110,

111.

112,
113.
11k,
115.
116,
117.
118.
119.
120.

A2].
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Allow ppt. to settle for 2 = 3 minutes in transfer bottle, tap bottle
to pack ppt. Blew supernatant back into boiler.

Repeat 106 arnd 107 feur times.,
On last pass allow ppt. to settle in trunsfer bettle for 15 minutes
hefore returning supernatant to boiler. Lsave oalom. of supernatant

over ppto in transfer bottle,

Remove storage bottie and leucite liner to boron cun. Notify Quantity
Control thet hatch is ready for transfer to storage.

Wash transfer tube with 100 ml 12M HC1, ianto P=1L6.
Transfer 3.0 liters of 124 HCl to reservoir,

Add acid to boiler;

Close roservoir stopoock.

Stir for 2 to % minutes or until remaining ppt. has dissolved.
Suck acid with P=-146.

Transfer 1,0 liter of 12 HCl to reservoir.

Add acid to boiler.,

Close reservoir stopcocit,

Stir for 2 to 3 minutes.

Suck acid with P=146,

Transfer 1.0 liter H20 to reservoir.

Add 520 to boiler,

Stir for 2 to 3 minutas. UNCLASS”: IED

Suck H0 into P-1L6é.

Transfer 1,0 liter 520 to resoervoir. .

44d Hy0 %o boilers ELIRTH IS S S R o:'
o.o i -i:‘:—é 3

-t -
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125,
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gtir for 2 to 3 minutes.

" Suck H 0 into P=146.

2
Remcva supernatants, P=16, P=2 & P=3 to supernatant cut roem.

Add 0,5 liters 164 HNO, to P=2, stir througbly.
/

Talke ca/ml cut from oech solution inte a 10-mm test tubs, marked with
betch number and supsrpatant no., Seal test tubes with parafilm.

Tranafer supernatants to Recovery. Obtain a temporary receipt for
difference between W=Site assay and 1,0g.

Check and decontaminate rocm.

0il motors and bearings. Grease stopcocks. Put glycerine in transfer
head slids,

Drain alkaline bubbler into P=§, transfer %o Recovery with no receipt
or assay,

Refill reagent bottles.

UNGCLASSIFIED
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Several minor modifications of the A procedure vere adopted from time
These chanzes, designatad A=1 to A-9 served to make the basic A proced-

The dstails of the A=8 procedure are given in the flow

The essential differences between the A=8 and earlier modification are

given below,

Procedure A-el

Same ns A=8 excepti-=

(1)
(2)

{3
L)

(8)

Volume inmitial Pu solution 1.2 liters, (A=8,-0,8 liters)

Storage bottle washed with LOO ml. 6M KI and 200 ml M HN05” and wash

aidded to extractor. {4=8 == Storage bottle washed with 200 ml M HNO

3
One liter 5.5 HI added directly to extractor),

and added to extractor.
Volume in extractor after oxidationm 3.1 liter (A=B 2.8 liters)
Sedium plutonyl acetate precipitant;==1.7 liters of 3,2l ¥ Naic and

L4001 ¥aNOz. (A=8-=2,00 litors of 2.75M NaNO, and 3o.L,0M NaNO,)

37°

Ether extraction at room tempsrature ~22°C (A<B extraction et 10° to
15%.)

Keduclion after oxtraction with 800 mi 7.5M HI (A-8, 1.1 liters 5,5M HI)
Boller wash, after tramefer of Pu (III) oxalates= 100 mi 124 RCQ (teo
wash transfer tube), 500 ml 124 HCl, 2 = 1 liter portions of water (A=8,
200 ml 12 ACl, 3 liters 12¥ HC1, 1 liter 12M HCl, 2 ~ 1 liter portions
of water.)

Supernatant solutions were not combined, designation as follows;==

P=l1 Supernatant and vashes from lst, oxalate precipitate, treated with

1 liter 12N ECl. 2i . §. FREEER

ooo oo. o0 e ... ..
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P~2 Supe¢rnatant and washes from sodium plut&ny£ Pcetaﬁe-ﬂrep toitate,
troated with 0.5M liters 16v HNO < o ete o ote ses oo

P=-3 Ether extraction acuecus r031due, Plus L.68 liters of ¥ HNO§ used
as extractor wash,

g P=l\& Supernatant and lst. wash of 2nd. oxalate precipitata, treated
with 1 liter of 12N HC1.

P=li3 Second and 3rd wnsh of Znd. oxzlate precipitate, treated with (.5
T diter of 12 HC1.

P=5 Acid bubbler residue,

o

P=f5 Boiler superpatart tube and boiler wash.

w——mi

P9 Alkaline bubbler residue.

Procedure A=2, Same as A=l oxoept;e

(1) sSolution after oxidation was diluted to 2.8 liters, instead of 3,1 liters.

(2) sodium plutonyl acetate wus precipitated with 2.0 liters of Z.75K NeAo,
5.L01 X\‘aNO3 insteed of 1.7 liters 3.2LM Nedc, Li.Oi NaNO§¢

(3) Final rcductent was 1.1 liters of 5,5M HI insteed of 0.8 liters of 7.5
AI. The sodium plutonyl acotate precipitant was changed (2) because it
vas found that the precipitate formed by addition of a more dilute
preéipitant hed bestier settling properties.

The change in volume of solution after oxidation (1) was necessarjy

in order that the larper volums of acetate procipitant (2) not make the
total volume of solution groater than the capacity of the vessal.

The change in BI volume and concentration (3) was because of a

chailge in brend of reagent used.

Procedure A~3, Same as A-2 oxcepti-

(1) Residues P=1, P-La, P=iB, and P=6 were combined and called p=146, These

residues were combined in order to facilitate recovery processing.
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Procedure A=lj, Same as A=3 except:~ 0% 0e s ele tes oo

(1) One liter of 5.5M HI was used as first reductant rather than KI.
This change elimibatod the introducstion of potassium ion and also

insured sufficient HT for the reduction should thoss oe appreciable Pu (VI).

Procedure A<5, Same as A<l excepise

(1) The extractor vas washed first with 1.5 liters 10M m\'%, then with 180
ml M HNO§3 instead of 1,68 liters of M Hwojo
{2} The boilér vas weshed first with 3 liters 124 HCl. then with 1 liter
12% HC1l, instead of 500 ml 12M HCI,
(%) N§ acid was added to P=146.
These changen providcd more adoguate washing of both the boiler
and extrastor, The inecrease in acid wash to boiler eliminated the need

of meidifying, P-146.

Procedure A-6, Same as8 A=5 except;e

(1) RFitric acid was subsbituted for HCl throughout the process,
This change allowed the combination of all residuss, in recovery,
and anticipated the change from D building operations to D.P. site,
where stainless lines prohibited the use of HCI1.

Procedure A=7, Samne as A-=5 exaepi;-

(1) During sxtraction 10M NHLNqa (~1.5 litsrs) was bled into extractor
to keep the volums of the agueous phase constant.
This change made for faster extraction.

Procedure A8,

Details given into flow shests, pages 2} to 32.

Procedure A-9, Same as A-8 exeept:-

(1) Nitric acid was substituted for HC1l throughout the process,

o o oo .
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STANDARD PROCFDURF. B=2
— PLOR SIMFTS

Add 2.00L H,0 to Boiler Alkaline Budbler

Add product to extractor 1.50L Before Oxid, :1,501, Afber Oxid.
Extractor Enitial Produc'ﬂ L.50M Na¥ '(6075):)40501! Na.f (65755
0.80L 2,50M  OHD (3.75)10.924 505 (1.38)

1,00 50y (1.50)[2.3M OH (3.51)
: +4 a 10,08 S0F (0.12)

OcLh2d  Pud (0.2)(*) 6os pul®) 10.16M Br éoczm

0.42M Puoy {0.33) o 160z Pu i -

0.22% t (0.28) Br, #8025 + 2 "_.,ﬁ‘ = -3

0,031 re?**  (0.02) = 1,0g(%) g *505" 1 20K SBr+80,% B0

0.0054 Cz"’:‘ (0.004) = o0.2g

0.00Lu Ni*+ (0.003) 2 0,2g

0,031 La’*  (0,02) 3 3.0g (£)

00 39% HSOp (0.31) = 20.0g A0id Rubbler

OOOOQM H’LPO‘- (017007) -4 Oh7g - .

1.67M NO,~ (1.3h) 1,50L Before Oxid. 1}.70L After Oxid '

i

SnO X H 0, Si0 °H 0 ® 0,3g 1.0 HY  (1.50)!0.88 H' (1.50)

1.0CH NOg~ (1.50), 0.98M NO;(1.50)

Wash storage bottle with 0.20L it
HNO,, (0.20) add to Fxt.

£4d 0,10L 102 ENO,(1.00)
0.30L 1,54 NaBr03(Ooh6) to Ext,
Bry (0.12)
Heat Ext., to 93°C, keep at 93% for 1 hr. 02 (0-13)
o H,0 00,20L
5Pu0’ +2Br0s” + 21 = 5 Pu0, " #BryrH,0
- ™ .
hBrO_-,. (0.10)+ LR 2 2 Bry # 50,7200 (e)

10Cr*"h5Brog"F17H,0 ® ‘er_GO?s.;}hH'}-BBr,")
H,0 (1)*’&10(8) [6020L H,0 (1) ovapa

Cool Ext, to 25%,

UNCLASSIFIED
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Extractor Et’ter Oxidati&z‘]

1.20L
0.56M Pu0, (0.67)
0.96M n* 'z (1.13)
ooty pot? o)
0.002M Ni*; {0.005)
0.,02M tet (0.02)

0.2  BSO  (0.31)
0000615 HZPOJI (00007)
0,002 Cr, 07 {0,002)
2.12¢  NO;~  (2.5L)

0.18M Broy=  (0.21)

§n0, °X H,0, sm,;xa 20°38

Add 5,04 Ca(N03 ), to Ext, mark~L.15L (20.75)
Add 0.1 L oM xmoa(looo) to Ext,
Add o;osL H,0 to Bxto

Cool to 15%

Extractor [_Eefore Fxtractioﬂ

5.5L
it
0.08u Nar* (o:l:fﬁ
50723! Ca (2 )
o.00ly  me’'"  (0,02)

0.0005%  Ni** (0.003)
0,004  La’*t . (0,02)
0,001  H,POy (0,007)
0,0004% ery, 0,5 (0,002)
8,18M NO,~ (h5.0L)
oy Bro,” | (0.21)

Casgo,~===(0.81) L\}CLASS‘F‘ED

SnOz:’S Hz’oo Slozox H&O O(_.5g- oo ..o ... °
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Add ether to Fxt, Run extraction 2 hrs CLASS‘F‘ED E % o
keeping boiler at 45 to 50°C. %ash UN -1 Bebraets onefuataas
. Exto wall with ether from wash

ring after 1 hr oxtraction. 1,00L (c,,H,)a-'o trace Br,
99.9% PqO&(NO, )e extracted 5.50L
09.9% BAQ, oxtracted T
1(8‘ H‘02h}17 extrected oocxun* Iif;+ (O.cxxa)
Trace Br, cycled vith other 3,71M Ce.+ (20.44)
G.08u Naf& (001“5)
0.00Lu Fe (0.02)
Withdraw liguid from Ext, = 0.0005% Ni""' {0.003)
o.00L  La? (0.02)
‘ _ 0,001 HyPOT  (0,007)
Wasgh Fxt. with 2000].' looM HIVOJ(QoOO) 000003}4 C!‘l’ 073 (00001{3)
7501 BG,™ (L1.26)
d [
Withdraw wash 0. ol Brﬁj (0.21)
Cas0, (0.31)
®ash Ext, with 3,00 Hz'o(g) . $no, °X H,0, £10,°X g0 0.3¢
Withdraw wash l 160 mg Pu
P=1l
%ash Fxto with 3.00L HLO(g) 2:0L
- > 1y ;4 ={2,00)
Withdraw wash 1 ’NOJ: (2.00)
. Iraces Ca , Na , Br%“, eteo
Wash Exto with 5.50L H,0(8) b pe2
Withdraw wash ] AU 3.00 L
¢
Traces H , NO,",, carﬂ N{ . eta,
Heat Boiler to 93°¢ p=2
for 0,5 hrs 300 L
Cool Boiler te 15% + PR
. Traces H , NOy , Ca , Na , ots.
P=-2
5.50 L
- ™ -

"’ o q'- r
Traces H I\IO3 s Ca o Mo , eta,

® CNCLASSIFED
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WNCLADOM =22 s

58=
Boiler igptor Extractioql
2001
003 PuO (0.67)
1,224 H* - (2.L4)
1.8  NO,” {3.78)
Q,0001x c:zo, (0,0002)

Add 1.30 L 5.5K BI{6.05) to Boiler

Allow 20 min for reduction

Crao #9017+ W s20pt 1—51 + 7R.0

2Puo"" +o1” + BB———-—-v’BPu +§Iz N H_t_o}
~320 XCal, heat liberatcd

Cool Boiler to 259C.

® Boiler Ei‘tor roduc‘hioa
3410 L
0.2  put® (0.67) P oxalate SoNo
i.67 BT {5.81) ? [ e ]
1.224 N0, {3-78) 5,70 L
0.000%Y Crf’ (0.0004) -
0,98 I (3.03) 1.26M a*’ (7.20)
033  I4” {1.01) 0,00005% ¢r*3  (0.0003)
. o.how ~ I” (2.78)
— C.16M I3 (Oo%)
Add 3.2 L 0.671 H,C,0,(201L) 0.608  HOs™  (3.L48)
to Roiler 0,18M B,C,0, (1.05)
{2Pu’® # 3,00, —>Puy(C,0,0 + 65"'} 840 mg Pu

Allew ppt. to form 20 min.

Allow ppt, to aettle 15 min.

With SoN.

APPROVED FOR PUBLI C RELEAéE'ﬁ



Boiler
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@xalate ppts, noO wa.sl'a

0,60 L total(h)

U250 1, 5.K.

1.2 - §* (0:63)

o.M  1- (0.25)

0.,16M Ia" (0.,08)

0061M NQB- (0030)

0,188  H,C, 0y (0.09)
0.1 L

Pu,(6,0)s (0:33)

Add 5050 1, 0.1 B,C,0,(0.55)
Q.14 BNQ, * (0.55)
te Boiler
Suspend ppt. in wash selution

Allow ppt. to settle 15 min.

Withdraw wach

UNCLASSIFIE® .

P=3 E)xala’ce 1st wa.st-ﬂ
50,50 L
o.20M HY (1,08)
o.ahM  I° (0.2,)
0.0l  I5° {6.07)
0.1M NO5* (0,78)
0.11%  H,C,0, (0.60)
200 mg Pu

P=3 jOxalets, 2nd wasa

Boiler Oxalate ppt. after 1lst wash
0,60 L total
QO Eg L §eﬁo
0.208 H' (0.10)
0.0l {0.02)
OoOlM I’- (0001)
0.14u NOs™ (0.,07)
0.11M  1,0,0, (0.05)
0,10 L-
Pu,(C,0,), (0.33)
Add 5,50 L 0.1X H,C,0, (0.55)
0.1M ENO, ° (0.55)
te Beiler

Suspend ppt. in wash solution

Allow ppt. to settle 15 min.

Withdraw viagh -

APPROVED FOR PUBLI C RELEASE °.
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5,50 1L,
Oolm Hf (0061)
oooom I° (00018)
0,002y I,- (0.009)
ColOM  NG,=  (0.57)
0,104 H,C204 (0.55)
200 mg Pu
o: oo: OEQ Q:E .EO 0:.
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Boiler Iaxalate ppt. after 2nd wa;k:
—— ~nal
0,60 L total
0,50 SoN.
0.1 H' (ooos))
0,003% I° 0,002 —
0,0028 1,” éOoOOl) Pe3 @xalate ard was.}a
0.10M  KO,° (0.05)
0.108  H,C, 04 (0.05) 5430 L
0,10 L 0,008 H (0.04)
| —3  0.0003M I (000017))
Pu, (C.0 0,33 : 0.00028 14~ (0.00088
{Ca0p)s  (0:33) gl SR g
0.008M E,C,0, (0.04)
Add 5,50 L B,0 to Boiler
100 mg Pu

Suspend ppt. in wash solution

Allow ppt. to settle 15 min.

withdrew wash v v

Transfor Bettle @xalate pp@

Boiler @xalato ppt. after 3rd wasm___ ‘

0.40 L tetal
0-80 1 tatal 0,30 L SoNo
0,70 L SN — -

+ B (0.004)
0,008M H (0001) ’ x“ (()00001>
OOOOOBM I” (000003) IJ“ ( ooooom)
0.00024% xzf (000001) ng* (ogooh)
00008}‘ N09° (0 <0) ) H.&c‘& ol’ ( 0 OM)
0,0008  EK,C,0, {0.01)

) Ihlzﬂ(azqyls (15&505(”) g Eﬁl)
Pu&’(c&o,/)s (0.33) {0.33)

Transfer glurry te transfer
battle and return excess
S.N: to BQilOP
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wagh transfer tube with

1.0 L 10M HNO, (20.0)

bl

[ ]
[ TX 1]
v
[ T X}
[ ]
[ ]
[ X

|

Wash Boiler with 3,0 L

10 ¥ N0, (30,00)

Withdraw wash

Wash Boiler with 1 L 10M HN03(10¢00)

Withdraw wash

HWash Boiler with 1,00 L 349

Nithdraw wash

Wash Boliler with 1.00 L H&O

P=3
= 1.00 1.
10,08 H (10.00)
10,08 NO, (10.00)
Trages Pu,{Cs04)s
P=3
3oh0 L
,ﬂ
Lﬁ 8.834 H (30.00)
8,834  NOs~  (30.00)
Tragces Pu I°, I, ete.
P=3
1.00 L,
.r
1,001 H (10.00)
1,008  NOg~  (10.00)
Traces Pu, I”, 14", ete.
P=3%
1,001,

Withdraw wash

+
Traces H , Nog" ete.

| p-3

{iNCLASSIFIED

1,00 L

Traqos B*: N05 sto.
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STANDARD PROCEDURE B-2 RRSIDUES

Pol
7050 L
0.274  BY (2,00) < | (£)
207? Ca*;* (aoﬁhh) P=5 li&cid Bubbler |
0,064  Na (0.46)
O°ODZLMn Feg (0.02) 0L
0,000 ¥f (0.003) o.8ey " 1,50
0,003 La’? (0.02) 0,88y N0 Elogog
0.,000G H,PO,~ (0=007)) ’
0.,0002M Cr, 0, {0,0018 Pu ~ im
5.7 NOy~ (43.26) Sl
0,034  BrO,~ (0,21)
0.0 caso¢ {0.31) —
P-9  [Alkaline Bubbler|
$10,°X Hy0, 800,°X H,0 0.3g -
1.50
160 mg Pu 2L -
LS04  RNa {6.75)
. | 0,924  505%  (1.38)
P= 2.2m  oF” (3.51)
0.084 80,5  (0.12)
.50 L Oudét  Brc  (0.2)
Traces H*, N(?", Caﬁ', Pu etc.
P=3
29,40 1, . UNCLASSIF'ED
2,00 =wt . (58,93)
0,000l crt (0,003)
O.10M  I- (3.04)
0°005M 13- (1"01) ° oo see o
1.87M N0y~ (54 .68) SRR
o°07‘u H"'C‘o“ (2°2L‘) :.E .:E LY o:: .Eo o:.
Pu 13)40 ﬂlg. :o. E.E ..E .o= ..E :.E
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STANDARD PROCEDURE B2

REAGENTS

Amount per Run

Reagont Volume Density Gram Moles
(L.) g/ce

H,0 ‘ 21.05 0597

HNO, -3 (1) 5470 1,032 5470

BNOz  10M 5020 1,295 52,00

HI =5.5M 1,10 1,50 6.05

Haceoh =067 . 3.20 1,027 2,1

8020, =0.1 1,30

ENOz =0o 1M 11.00 1,008 1,10

Ce.(H0z), 34 lal5 . 1,520 20,75

NaBrOy 1.54M G030 3.171 o.Lh62

ReOH ~ 2,508 .| o 3,75

FapS0g =~ 1.00M " | 150 | 1,200 1.50

Diethyl ether (J)]  3.20 R I
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STANDARD PROCFDURE B<2

L L4 o
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REAGFNTS
Reagent Gm. Moles Mol. Wgt. Gms . Lbs.
mzo3 704 (1) 56.80 63,0 35718 7-89
AL L% 6005 . 127.9 Ttk 1.71
HBCoQ, "2H,0 3.2 1261 Log 0,90
Ca(N%)e o hﬁzo 20,75 236.16 Lgoo 10,80
Ho.Br03 O.hé2 150.9 70 0.15
NaOH 375 Lo.o 150 0.33
Na,S0, 1,50 ésoo 128 0,28
piethyl pther (37| wocee | aoeee cmunm 5,00
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Notes;

(a)

(b)

(o)
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Standard Precodure B-2

A number in parenthesis following the formula of en ion or compound
represents the number of gram moles of the ion or cempound,
It is believed that the prossess can handle a charge cor}taining from
130 to 180g without the conditions being sufficiently changed to
causo abrormal losses.

The form of the Pu when it is received is rather uncertain.
After solution, spectrophotometrio avalysis has shown the Pu to be
about half in the +6 oxidation state and about half in the #; oxidation
state, When the sclution is allowed to— stand the amount of Pu in the
16 #tate decreases, so it appears that the #6 state is not formed by
dismutation of the #4 state after the slurry is dissolved. Because of
its chemical similsrity to an' ¥ the +6 state of Pu is assumed to bo
Puo‘;_f « Thoe th stato is assumed ta be Puo-ﬁ snly begauss assuming this
form helps explain tho_é.pparcnt loss of Hf during the oxidation in the
"B" procedure and duripg the first reduction in "A" procedure.
The amount of H‘hprosent is very uncerbain; The smount stated in the
flow sheet (0018 moles of free H") is calculated from the arbitrary
assumption that the slurry is 1 M in total available Ht The solution
could be as low as 0,30 moles of free H* 4f there were mo svailable H'
in the slurry and as high as 1.0 moles if the molecular weight of the
plutonium nitrate were 500 and the remaining weight of the slurry wns

T UNCLASSIFIED i
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(d) The amounts of impurities listed give high averages of the impurities
found in Hanford material proocessed in Bldg. D. The table below gives

“he ranges through which the impurities have fluctuated,

Impurity bigh (g) low (g)
Fe )40 oo)-l-

Cr 0.6 0.06
N3 Ocly 0,04
la - 16o 0.1

S L8, 16,
Pguﬁ 8 0.3
Solids 1, 0.05

(e) At the end of the oxidation the solution is usually a clear decp red
color by transmitted light. When this has not been the case it has
been the practice to cool the solution to '*{50‘3()‘9 add avout 200 ml, of
1,541 NaBro5 and 100 ml of 10M HN63 and continue hesting. No further
}31\103 is added before the ether extimction in this case. Sometimas even
more Broa“‘ is required to get a clear sclution, This cxtra treatment
way not be necessary, but it is kpmown that when used satisfactorily

other extractions are obtained,

The decomposition of Broz)" at 93°C. is rather slow in 1M HN039 has

a hall time of 45 min. in 2M HNO,, and half timo of <5 min. in Ly HNO,
The nsual amount of Heo ovaporated ig ~200 ml. but mey be much high-

er if the solution is allowed to boil (969C).

I only the amount of Br03° indicated in the flow sheet is consunad

the alknline bubbler solutipgn is 8% used, if all the Br0.,” is consumed

3
16% of the alkaline bubbler solution is used, and if in the abnormal

e o L ]
case where 0,%1 extra moles of BrO.= are &c‘heqi, e S0e 'ig all corsumed
5 ..: LT X ] .:. ..: o0 oo

26% of the nlkaline bubbler solution is uspd, Prabebly,fog.safety the

APPROL’INQA‘A&%I!{ I\EQEL E;\.S'Em«
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alkaline bubbler solutions should be changad every two runs.

The aci¢ bubbler need not be changed every run. It nezed by changed
only when cendensed Haolfrcm the oxidation increases the volunme
sufficiently teo interfere with the operatiom of the bubblers.

These washes are to rsmuove Ca(NO§)2 from the reagent reservoir so the
Ca(H03)2 will'not be introduced into the Beilsr. Theso washes are
onitted in B3=3 the reccmmended D.F'o procedure because the D.P. Boiler
has a separats reservoir.

The oxalats precipitate usually settles to a volume of 300-500 ml and
100-200 ml’ of supernatant is left over the precipitats. Here it is
assumed that 600 ml of precipitate plus supernatant is left in the
boiler and that the actual volume occupied by the precipitate is 100 ml,
This volume would predict a density of the oxaslate with ten water of
hydration of 3 g/cc, ﬁhich is reasomable,

About 0.65L of M m;oa (0.65) is used in the cut operation and is not
inoluded in the figurs given in the table, Rigures given in the table
allow for changing the bubblers evuery run.

The amount of ether used can be variable; In a tight system only 1,5-2.0
L are usedo If a cystem leaks, as much 15 1L, have been used, It is

assumed here that one 5 1b. can of sther is used per run.

od per run,

e
. e
AR

e =
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GTANDARD PROCTDURE B=2

Operating Instructions

Boron Can
Noo

Rottle 0%
No, Noo

Wgto Soln. Pu Essay (gms, ru)

Radio Chem,

General Instructions

1. Operators initial procedure at bsginning and end of shift.

2. Leave reageni reservoir tube in reagent bottle after reagsnt has besn drawn
into reservoir until ready to use next reagent.

3o Gloves, masks and coveranlls must be worn during entire process.

Face shields

must be sorn during ether eoxtraction and while handling ether,

Lo Do not move plutonium from space unit without permission of Quantity Contrel.

Stop
i,

2o

).L a

55
6.
7.

Prceedure

vy e

Request boron can fram Quantity Control.
Chesck controls.

Transfer 2,0 liters of H,0 to reservoir,
Add Bo0 to builer,

UNCLAS S E71n

Transfer plutonium solution from storage bottle to reservoir,

Close reservoir stopcock.

Close reservoir stopcock,

2. ¥

o
With vac. on reservoir, wash product bot&Je ¥¥ij

then 100 ml of 10M HEO .
2

c o008 [
[ [ 3 6 e
L ]

208 ud, M:ENOB, and

L v o oee L ] o8e o0
e o e o o ¢ O o
o ” R R

e @9
e o
.

< o
-
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10.
11.
12,
13,
LI
15.

16,
i7.

8.

19,
20,

25,

26.

28.

9.

APPROVED FOR PUBLI C RELEASE
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With stirrer rumning, add acid to extractor.
Transfer 300 ml 1.5LNM N&Bro3 to reservoir,
Start extractor bubblers,

Attach extractor supernatant to F=l.

Add NaBrO5 to extraotor.

Close reservoir stopcock.

Turn steam into extractor and circulating puwep on. Heat extracﬁor to
93°%. Maintain at 92°%¢. to 94°C. for 1 houre

Turn coolant inlo condenser,

After heating for 1 hour, turn coolant into extractor and circulating
pump on, Cool to 15°Go

Trensfer 100 ml of 10M HNO§ to reservoir.

Add agid to extractor.

Close reservoir stopcock.

Transfer 3.5 liters of 5.0M Cn(HO§)2 to reservoir,

Add Ca(NO3)2 to extractor.

Close resarvoir stopcock,

Transfeor sufficient 5,0 Ca(NO5)2 to reservoir to dilute extractor to.
55 liters,

Add Ca(NOZ))2 to extractor.

Close resarvelr stopcooi.
Transfer 50 ml E,0 to reservoir.
Add Hy0 to extractor.

Close roservoir stopcocke.

UNCLASSIFIED )
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Cool extractor to 15°%.

Turan stoam into boiler and circulating pump on.

Operators put on face shields.

Turn off stirrers, fill ether reserveir.

Turn on extractor and boiler stirrers.

When boilor tompoerature is 50°C or greater, bleed ether inte extractor
until it runs through side arm.

Bleed sther into extractor slowly, until ether returns frem condenser,
Observe temperature drift for 2 minutes,

If tomperature is above 50°C. nnd is rising or remaining constant,
bleed in ether slowly until the temperature in the boiler falls to 50%C.,
taking into aocount the temperature lag of the systom.

If the temperature is falling, obsorve the drift until it becomes
ateady. Then progeed ag mbove, If the temperature falls below 38°C.,
Turn on bubbler in boiler,

Meintain boiler temperaturs at L5%, to 50%.,

After extraction has run 1 hour, blow out extractor supernatant tube.
.Aftef extraction has run 1 1/2 hours blow out sxtractor supernatant tube,
wash extractor walls with ether frowm wash riog.

*hen oxtraction has run 2 Lours, open extractor supernatant pinchelasyp,
close extractor "burp.r"== pinchelamp, suck rssidue into Fel.

Continue heating boiler until temperature is 90°C°, then turn off pump

and start bubbler. MNaintain temperature at 90°C. to 94°C. for 1 1/2 neur,
Transfer 1.5 liters of M ENO; to reservoir, ssgd «3ciyl ted nyoritor.

UNCLASSIFIED  :.-
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42, Close reservoir stopcock.

L3, #ash extractor walls with 500 ml of i HNO3 from wash ring,

hlso  With extractor stirrer ruaning suck scid into P-l.

L5. Transfer 1.5 liters of M ENO3 to reservoir.

L&, Add acid te extractor.

L47. Close reservoir stopcock.

L8. With stirrer rumning, suck acid into P=l,

L9. Transfor extractor supernatant tube from P-l to P2,

50. Transfer 2,0 liters of Héo to reservoir,

51. add H20 to extraoctor,

52, Close ressrvoir stopcock.

53, With stirrer ruaning, suck H20 into P2,

5. Repeat 50 to 5% inclusive,

59, Transfer 5.5 liters of BZO to reservoir,

56. Repeat 51 to 53 inclusive.

570 Remove FP=1 to hood, blow air over surface to evaporate cther,

58, When boiler hss been hested for l/? hour, turn off steam, turn on
coolant and pump and cool to 15°¢,

59. Transfer 1.1 liters of 5.5M HI to reservoir,

60. When boiler is 15%°C., add HI to hoiler, Stir for 20 minutes after HI is in.

©1l. When boiler has cooled to 25°C., turn off coelant and pump o

€2, Transfer 3,2 liters of 0.6Tu Hécaqu te reservoir.

5%, When HY solution has been stirred for 20 minutes, sdd H

o0 o000 o000 .3.

- : :
for 20 minutes, "burp" te agitate, s

[ X ]
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3
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=
5
o=
it

T




69,

70.
1.

72.

750
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Close reservoir stopcc;ck°

After gtirring 20 minutes, stop stirrer, allow ppt, to settle for 5
minutes, blow ocut boiler supcrnatant tube and zllow ppt. to settls for
10 minutes morae.

Transf2r 5.5 liters of 0.1l chaqha 0.1N HNO§ to reservoir.

Attach boiler supernstant tube te P=3,

After ppt. has settled for 15 minutes, open supernatant line pinchclemp,
close "burper" pinghelamp; set supernatant tube 200 ml above ppt. and
suck supernstant inte P=3.

Transfer 5.5 liter of 0,18 HC O , O.1M HNO3 to ressrvoir. Close

2eL
supernatant line pinchclamp and open "burpser®™ line pinchelamp.
Add wash to boiler.
Khen 1 liter has been added start stirrer. 8tir until ppt. has been
throughly suspended. Stop stirrer.
Allow ppt. to settle for 5 minutes, blow out supernatant line and allow
ppt. to settle for 10 minutes more,
Transfer 5.5 liters of ﬁao 4o reservoir,
Add E;0 to boiler, then 1 liter of H20 has been added stert stirrer.
Stir upntil the ppt. is throughly suspendsd.
Close reservolr stepcack.
fihen ppt. is throughly susponded, stop stirrer and allow ppt. to settle

for 5 minutes., Blow out supornatant line and allow ppt. to settle, 10

UNCLASSIFIEREE 273 s

minutes more. -
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78.

80.

al.

&z.

83,

85,
86.
87.
8s.
a89.
90,
9.
92,
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When ppto has settled for 15 minutes, open supernatant lino pinchelemp,

{IMCLASSH

=:75=

close "burper" pinch clemp. Sot superumatant tube 200 ml above ppt. and
suck supernatant.inta P=3.4

Rack supernatant tube up.

Discannect boller supernatant line and comnect transfer botflo.

Suspend ppt. in supernatant and with stirrer running suck slurry into
transfer bottle,

Allow ppt. to settle 2-3 minutes in transfer bottls, tap bottle to pack

ppt. Blow supernatant back into boiler,

Repeat éo & 81 four times,

On lest pass allow ppl, te settle for 15 minutes in transfer bottle
before returning supernatant to boiler. Leave ¢a lcm, of supernatant
over ppt. in transfer bhottls.

Romove storage bottle and leucite liner to boron can and uotify Quantity
Control that batch is ready for transfer to storage.

Wo.sh transfer tube with } liter o? 10y HNO5 into P=3.

Transfsr 3 liters of 10 HN05 to reservolr,

Add acid to boiler., Stir fo; 2=3 minutes,

Suck acid inte P-3,

Transfer 1 litere of 10M HNOz to reservoir,

o

4dd acid to boiler., Stir for 2<3 minutes.

Suck acid inte F=3,

Ll
[ J
[}

e

Transfer 1 liter Héo to reservoir,

.1?
[ ]
...

[ X

[ ]
L ]

3

sr0e
sx20e
®
3
»
‘{||?E
(]
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97.
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300,

101.

102.

103.

10k,
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Add Hy0 to boiler, Stir for 2-3 minutes.

Suck wesh into F-3,

Transfer 1 liter H,0 to reservoir.

Add Béo to boiler. Stir for 2«3 minutes,

Suclk wash into P=3.

Transfer supernatant bottles to supernmatant ¢ut room. Stir each
throughly, take a 1 ml out freom each inte & 10 mm test tube marked with
batch noe and residue no. Seal tent tubes with parafilm,

Transfer supernatant solutions to recovery and obtain temporary receipt
for difforence between W-site assay and 1L0 go |

Transfer supernatant cuts and assay request sheets (sheet $2) to Radio
Assay groupo.

Cheok end decorteminate room.
0il motors and bearings., Grease stopcocks. Put glycerine in transfer
head siide,

Draln alkaline bubbler inte P=9, transfor to Recovery with no receipt

or assay.

Refill reagent bottle,

. .
e o e o e o o o
e o e o e o o
e o o0 o o0 ® e
. - . o .
L [
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STAMDARD PROCFDURE C-1

product to Boiler

Boiler [-Initial Produc%]

0,80 I.
0.ly3M puo’” (ooah)(a)} ) (b)
Oh1x Puo)” {0.33) 160 gr.
0.60M B* (0.48)(e) .
0.03M re’” (0,02) * 3,0g (9)
0.005M Cr (0.00L) ¥ 0.2 gro
0.00hy  mi*tt (0,003) = 0.2 gro

0,02%M Lat? (0.02) 8 3,0 gr,
0059M S0y (0.31) = 30,0 gr.
0.0094  H,POy (0.007) = 0,7 gro

2,054 NO3 (1.64)

8n0 X H,0, §10.°X H,0 = 0.3 gro

+ 0,20 L 1M HNOB(OQZ) Storage bottle

Weeh to boiler

Cool boiler to 20°C
1,00 L 5058 HI {505) to boiiert®)

£llow 20 sin for reduction
\ + - * +2 = .
2Pugy” + 917 +8H —me@Pu’T F 315 + L R0
2P0t f 317+ h——2Pu’’ + 1,7+ 2 150

oret? + 31— 2Fe’* 7+~ T
~’15 XKcal heat liberated

. ool Boiler to 259,
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Boiler EE“\:er Reducti oa

2,00 L
0. 34N puf? (0.67)
olom  pet (0:09)
oo ATt (oseos)
0.01X 1a?? (0,02)

0.16M HS0y” {0.31)
00041 H,PO¢” {0.007)

0.924 NOs™ (1:84)
1.75M I- (3:149)
0. 2hu 1" (0.67)

Sn0,°X H,0, 510, °X H,0 % 0.3g

+3020 L 0-67M BpCp0) (214) to boiler
Allow ppt. to form 20 min
2Pul % 38,C 10, —sPuy (G, 0, # 6H',
2La"4 3H,C .0y —m1a,(C104) s + 6B

P=146 S.N. (0x. ppto)
Allow ppt. to settle 15 min.

L.60 L
“Withdrow S.K. o 1.22m th (5.63)
0,00M Fe (0,02)

0.0000  crt  (0.004)
0.0007M  14t*  (0.003)

UNCLASSIFIEY] go%,  mo  (o20)

0. 36M li0g {1.66)

0,68M 1T (3-15)

0°13M I; . (0060)

00223‘ HQC‘QOV (1000)
@40 mg Pu
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Boiler 1st Ox, Ppt. (No wash)

0.5 L §.nott!

1.22 B (0.62)
0,06 BSO.= (0.0%3)
0.36M NO. " (0.18)
0.66M I~ (0.34)
0.13M - (0.07)

0.224 HC. O, (0.11)
0,10 L ppt.

Pu ‘(VC 0.)
La (€ 0,):

Sn0. °X E;0, S10.°X H.O0 = 0,3 g

+ 505 L° 10.18 H C.0. (o55) 0.1 M HOL (o55)

to Boiler
Allow Ppt, settle 15 min, P16  First wash!
wiithdraw SoNo ' = | 5.5 L S.Ke
' - - 0.19M " (1.07)
Boiler {?pto after lst viash 0,051 NOs™ (0:.17)
. . - s e a e e hid
P 0,0%H HS0, (0.03)
0.5 oNo 0,061 I (0.71)
T u 0.01M 1,” (0,06)
0.19M H (0.10) 0011y H C,0, (0.61)
ooO}M NOJ- (0001) 0009M Cl° (0050)
0,006k 1= (0.0%) '
0,01M = (0.01) Pu 160 mg
0.11M K00/  (0.05)
0.00M cl (0.05)
001 m
- NCLASSIFIED
Pu;‘(C;'O.;);t (0053) $ F R
La.(Cp0p)y (0.01)
Sno,°X H,0 8§i0,°X H,0 % 0.5 g

s ey
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$5+5 L
0.1N HCL

Suspend ppt,

Kithdraw wash

0014 H,Ce0f

APPROVED FOR PUBLI C RELEASE
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(0455)
(0455)

Allow ppt to settle

|

Boiler @to after 2nd vash)

050 L SoNe

Q.14 H (0.05)
0,002  NO,” {0.001)
o.00hM I (0.01)
0,002% Iz~ (0.001)
0,104 HiC204  {0.05)
0.10M cI- (0,05)
0,10 L Ppt.

Puy(Calyly  (0033)
La,.(C,'O./)a (0901)

500y °X F,0, S10,°X H,0,

0.3g

+ 5050 L Hy0

suspend ppt.

Allow ppt to settle

Withdraw wash

Boiler [Ppt. after 3rd wash]

Sn0,°X §,0, 5§10, °X H,D

0,70 L So¥Ne
o.008 H' (0.01)
0,0002¢ N0y~ {0,0001)
0.002M I° (0.0p1)
0.0e024 1™ {0,0001)
0,00814 c1l= . {001}
Pua{C.04)s (0.33)
Lay(Ca0y)s (0.01)

0.3g

APPROVED FOR PUBLI C RELEASE -°°

P16 Ei%, 2nd waégﬂ
5050 L SoN. o
0,11H ol (0-60)
0,002y NO3 (0.009)
/ 0.00hLM I“a (0,02)
1  o.oc02 Iy (€.009)
0al0% HaCa04 (0.55)
0,101 c1® (0.55)
Pu 160 mg
P=1246
5030 L SoNo o
0,008} A (0.04)
> 0.0002¢  NOs~  (0,0009)
0,002K 1~ {0.,009)
0.00024 I3~ (00005)
0.,008X H,CeOy (0.04)
0,008 c1” (0.04)
Pu 160 mg

UNCLASSIFIED
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E E E i -z ) i :.: [ :
Transfer slurry to Tranafesr “NCLASS A E" 'E' E" §'.
Bottle and return excess y Transfer Hottie ;@4 prto sadter transf;_a
. EN to Boiler Lo sse o __cee 0900 °°
. 0630 L SONI
0.008 HY (0,004)
>4 0000024 NOg~ {0.00004)
0,002u 1~ {0.0004)
0,00024  I,“ {0.00000)

00084 H:C,0; (0.004)
o006y cl= | (0.004)

In{l(c‘()')’ (()055) (lEKSQGES B Iﬁl)
Wash transfer tubs with Lo, (Cy04)s (0.01)
00,10 L 12¥ HOL (1.2)

$10,°K HyO, 5i0,° X B,0 0O.3g

tiithdrew wash

p=1h6
0.50 L
> 2.hm at (1.2)
Wash Boiler with 2,44 c1- (1.2)
0,50 L 121 ACL (6.0) Traces I%, Iy", HyC,04o Pu ete.
Withdraw wash
P=146
. 0:,50 L
L= 12N ;0 (600)
Wash Boiler with 12M c1° (6.0)
1.0 L Ha0 Traces H,_O.,'O’a Pu etco
Withdraw wgsh
P=146
1.0 L
Wash Boiler with | —— . -
1,0 L HaO Traces B , Cl°, H,.Czofetco
wWithdraw wash
p=-146
' 1.0 L

Traces ', 01%, H,C,0,et0o

‘

UNCLASSIFIED
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STANDARD PROCEDURE C-1

\
RESIDURS
P=146
23.90 L o
0,611 ol (1h.54)
0,0008M Fe‘:'; (0.02)
oo W (oooo)
0,011 HSO," (0.31)

0,00034 H,POy~  (0,007)

0,081 NGy = (1.84)

0.151 1= (3:L9)

o oﬂl I,= (0067)

0.00M H,C, Oy (2020

0,358 c1~ (8.29)
Pu 1120 mg

UNCLASSIFIED
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STANDARD PROCFDURE A-8

|

o000 00
[ ]
[T 1N ]

REAGENTS
Reagent Volume Density Gram Moles
(liters) g/cc
L 4

Hy0 7.50 06997

HI 5.5 M 1.00 1.50 5050

H.C 0.1 M 1,10

S A 1,005 1.10

Haceoh 0,67 M 3020 1,027 2.1

HC1 12y 0.60 1.178 7020

mio; 1 w8 |o.20 1,032 0,20

Toetal ag.Solutions]|23.50 L. e wow
Substance Gm, Moles Mol, Wgt. Gms. Lbs.
BRI  L7% 5.50 127.9 7035 1.55
HNO, 707 8) 0,20 63,0 12,6 0.028
HCY  28% 8,30 36,5 303,0 0.67
HoCo0) + 2Ry0 3.2l 126,1 LoBdore? °3 ot




Notess

()

(v)

(e)
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Standard Prooedure Cel

A number in parenthesis following the formula of an ion or compound
represents the number of gram moles of the ion or compound.

It is believed that the proceass can handle a charge containing from
130 to 180g of Pu without the conditions being sufficiently changed to
cause abnormal losses,

The form of the Pu when it is received is rather uncertain. After
solution, spectrophotometric annlysis has shown the Pu to be about half
in the +6 oxidation state and about half in the }L oxidation state,
When the solution is allewed to stand the smount of Pu in the +6 state
decreases, so it appears that the +6 state is not formed by dismutation
of the +L state after the slurry is disselved, Because of its chemioal
similarity to UO'2H' tho +6 stato of Pu is assumed to be Puo:' o ThetlL
stats is agsumed to be PuOH‘ only because assuming this form helps
explain the apparent loss of H+during the oxidation in the "B" procedurs
and during the first reduction in "A" procedure,

The amount of K present is very uncertain, The amount stated in the
flow sheet (0.48 moles of free H"') is calculated from the arbitrary
assumption that the slurry received from W is 1M in total available n*"o
The solution could be as low a8 0,30 moles of frec H*if there were no
available H' in the slurry and as high as 1.40 moles if the molecular
weight of the plutonium nitrate were 500 and the remsining weight of the

slurry was due to 70% HNO ,

HCWA

APPROVED FOR PUBLI C RELEASE
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(é) The amounts of impurities listed give hiph averages of the impurities
found in Hanford material processed in Bldg. Do The table below gives

the ranges through which the impurities have fiuctuated,

Impurity high (g) low (2)
Fe ‘ )40 Ooh

cr 006 0,06

Ni Ooly 0004
ia 16, 0.1

80 S L8, 15,
P%’m“ 1. 0.3
Solids 1. 0905

(e) Sufficient HI is added to properly reduce the Pu even if it were all
in the +6 oxidation state,

(f) The oxalate precipitate usually settles to a volume of 300 to 500 ml
and 100 to 200 ml of supernatant is left over the precipitate, Here
it is assumed that 600 ml, of precipitate plus supernatant is left in
the reactor and that the actuml volume accupied by the preoipitate is
100 ml. This volume would prediot a density of the oxalate with ten
waters of hydration of 3g/cc, which is reasonnbls,

{g) About 0.65L of I Hno3 (0.65) is used in the cut operation and is not
included in the figures given in the table.. Figures given in the table

allow for ohanging the bubblers after every run.

TIMAT ACCIFIED
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STAXDARD PROCEDURE. C=1

Operating Instruotions

Boron Can Bottle Lot Wgto Soln. Pu Assay (go. Pu)
No.

Noo Noo Radio Chen.

General Instructions

1, Operators initial procedure at beginning and end of shift.

2. Leave reazent reservoir tube in reagent bottle after reagent has been drawn
into reservoir until ready to use next reagent.

3. Gloves, masks, and coveralls wmust be worn during entire process. Face
shields must be worn during ether extraction and vhile handlinz ether,

li. Do not move plutonium out of space unit without permissiom of Quaamtity Control.

Progedure
Step

i,

2e

Turn coolant inte boiler and pump on.
Transfer product to reservoir and add to boiler,.
Close reservoir stopcock.

With vacuum on reservoir, wash storage bottle with 200 ml M HNOBO

Transfer 1.0 liter of 5,54 HI to reservoir. LASSIFIED

When boiler is 15°C., add EI te beiler, Stir’ ):or ?O'mimgte:s qf&er HI is in.

Fhen boiler has cooled to 25°C., tura off coolant A g

Transfer 3.2 liters of 0.67M 3202% to reserveiry s § .. ¢ ..-
eyl ey e — —




90

10.

131,

15. .

16.
17.

18.

ig9.

20.

APPROVED FOR PUBLI C RELEASE
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When HI solution has besn stirred for 20 minutes, add 1’-12(:2()‘!“‘0 stir for

4

20 miputes, "burp" te agitate,

Close reservoir steopcock,

After stirring 20 minutes, stop stirrer, allow ppt. to settle for 5
mimites, blow out beiler supernatant tube and mllow ppt. to settle for
10 minutes more,

Transfer 5.5 liters of O.iM Hacaquo 0.,1M HCY to reservoir,

Attach beiler supermatant tube to P-3,

After ppt. has settled for 15 minutes, open suparnatant line pinchclamp,
close "burper" pinchelamp; set aupernmatent tube Z00 ml above ppt. and
suck supernmatant inte P=3,

Transfer 5.5 liters of 0,1M Heceqh, 0o1M HC1l to reservoir. Close
supernatant line pinchclamp and open "burper" line pinchclamp.

Add wash ts boiler,

When 1 liter has beon added start stirrer., §8tir until ppt. has been
throughly suspended, Step stirrer,

Allow ppt. to settle for 5 minutes; blew out supernatant line and allew
ppte. to s;ttle for 10 minutes more,

Transfer 5.5 liters of Hzo to reaservoir,

Add Hao to boiler, Whon 1 liter of H2O has been added start stirrer,

Stir until the ppt. is throughly suspended.

UNCLASSIEIED. ..

When ppt. is throughly suspended, stop stirtsy .éixd&.,'l}o;.';.pp*q;-to ‘settle

Close reservoir stopcock.

for 5 minutes, Blow out supernatant line anc
APPROVED FOR PUBLI C RELEASE.,.

minutes more.

o0 e L] .z.

é}low:ppq, O e3sttle, 10
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23,

2ho

25,

26.

27.

28 [}

300

APPROVED FOR PUBLI C RELEASE

[

o o e o & o

e oo L] eee o o L4
o0 000 000 000 o0

." e o e o e o
° e oo e o0 o o
e o o o o -4
o o o ) ) [ e o
e eee o ®ee o000 oo

fihen ppt. has settled for 15 mimutes, open supernatant line pinchclamp,
¢lose “burper" pincholamp. Set supernatant tube 200 ml above ppt. and
suck supsrnatant into Pe3,

Rack supormatant tube up.

Discaonnect beller supernatant line and connect transfer bottle,
Suspend ppt. in supernmatant and with stirrer running suck slurry inte
transfer bottle,

Allow ppt. to settle 2=-3 minutes in transfer bottle, tap bottle to
paok ppto. Blow supernatant back into boiler,

Repeat 26 and 27 four times.

On last pass allow ppt. to settle for 15 minutes in transfer bottle
before returning supernatant to boiler. Lesve ca lem, of supernatant
over ppt. in transfer bottle,

Remove storage bottle and leucite liner to boron can and notify Quantity
Control that batch is reedy for transfer to storage.

Wash supernatant tube with 100 ml 124 HC1 inte P-146.

Transfer 500 ml 12M HCl1l to reservoir.

4dd HC1l to beoiler and stir.

Close reservoir stopcogk,

When ppt. had dissolved suck acid into P-1L6.

Transfer 1,0 liter Hao.to reservoir.

Add #,0 to boiler, close reservoir stopcock. Esiinéo LI

Suek H 0 into P-146. .

Repeat 35 to 37 inclusive. UNCLASS\F‘EB: .
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L1,

L5,

Lé.
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Transfer supernatant bottles to supernatant cut roem. Stir each
throughly, take a 1 ml cut from each into a 10 mm test tube marked
with bateh no, and residue no., Seal test tubes with parafilm.
Transfer supernatant solutions to resovery and obtain temporary receipt
for difference bstween V-site assay and 14O g.

Transfer superpatant cuts and assay request sbeets (sheet §2) to Radio
Assay group.

Chock and decontaminate room.

011 motors and bearings. Grease stopcocks. Put giycerine in transfer
head slide.

Drain slkaline bubbler into P-Q, transfer to Recovsry with no receipt
or assay.

Rofill reapent bottle.

UNCLASSIFIED
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Treatment of Supernatant Solutions, A=Procedure

The pupernatant solutions withdrawn after precipitation reactions, the
solutions used to viash precipitate and the agueous residue from ether extractions
were returned to thoe D building recovery group, for more complete removel of
plutenium. During exporimental runs, each residus was sampled for plutomium
assay, to determine the amount of plutonium "lost" during each operation. On
strictly preduction runs several of the solutions wore combined during operations,
and sampled for plutenium assay bofore being turned over to recovery. Thé design-
ation of solutions sent to Recovery were as follows;-

P=1 The supernatant and wash solutiona from the first Pu (III) oxalate
precipitation,

P=2. The supernatant and wash solutions from the sodium plutonyl acetate,

P=3 The aqueous residue from cther extraqtiono

P=li The supernautant and wash solutions from the second oxalate precipitation.

P=5 Acid bubbler residue, |

P~6 Boiler wash.

P«7 1Iodine bubbler residus.

P=-8 Wash from transfer bottle.

P=G Allnline bubbler residue.

P=-10 Selution obtained as the result of an opsrational difficulty or errar.
ogs= I the first oxalate could not be oxidized, it was sent to D=-Build-
ing Recovery as P=10, '

During production runs P-=}, P=l and P-6 wers QA3bEM0s tnd] Y8l i ted

P=14&s ol ael oo eol ole o0t

srro INCLASSIFIED, _ coMU—

EASE.. e e o oeoe oo




- - -
L 4 &
e ° o

o oeov .

[Tl X}
[ ]
oo
[ ]
[ ]
L] ]
L1
.

APPROVED FOR PUBLI C RELEASE
TR b {
ERETRUPRE S L1

““(;LRSS\V\ED i

[
e
[
.

see 030
[ ]
Cwo 00
ewe 890
L

-89~

Supernatants were sampled, for plutonium assay, before being seant to
D=Building Recovery. If sufficient acid had not been added during extractor or
boiler.wush to dissolve all plutonium compounds, the solutions were acidified,
well stirred, and a 1 ml sample withdrawn and sent to Radio Assay. From sither
the assay of the original plutonium entering the purification process, or the
oxide weight obtained by ignition of the final oxalate and the sum of the supernat-

ant assays, the yield for a run was calculated,
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