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ABSTRACT

Fifteen PWR blanket fuel specimens, varying in burnup
from 80 to 1100 Mwd/T, were declad with boiling 6 M NHyF-
1.0 M NH)NOz before the U0, core was dissolved in 10 M HNO,.
Uranium and plutonium losses to the decladding solution wefe
less than 0.2% in nearly all runs. While these losses are
higher than those obtained in laboratory experiments with
unirradiated fuel, they are of the same order of magnitude
as those obtained in the testing of the hot cell equipment
with unirradiated fuel.

In two runs where 9 M HF was used as the decladding
reagent, the uranium and plutonium losses averaged 1.0 and
0.4%, respectively. -

NOTICE

This document contains information of a preliminary nature

and was prepared primarily for internal use ot the Ock Ridge

National Laboratory. It is subject to revision or correction

and therefore does not represent a final report. The information

is not to be abstracted, reprinted or otherwise given public

‘ dissemination without the approval of the ORNL patent branch,
Legal and Information Control Department.



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



-2-
1.0 INTRODUCTION ‘

Two alternative processes for the dissolution of PWR blanket fuel, normal
UOp pellets encased in Zircaloy-2, have received intensive laboraﬁory develop-
ment with unirradisted fuel specimens. In the Zirflex Process,l’ the Zircaloy-=2
cladding is removed with boiling 6 M NH,F-1.0 M NHuNO5 before the U0, 1s dis- |
solved in 8-10 M HNO;. Boil%?g'9 M hydrofluoric acid”is used as the decladding
reagent in the other”process.” Seventeen laboratory-scale experiments with
irrediated fuel specimens were performed to evaluate the effect of radiation on .
these processes. Fuel specimen irradiation levels, as determined by chemical
analysis, varied from 80 to 1100 Mwd/T. The effect of burnup and decladding
time on the uranium and plutonium losses to the decladding solution and to
nitric-acid insoluble precipitates, if formed were of perticular interest.
The eipgrimental procedures followed closely those outlined in the laboratory
work.-s

Further Zirflex hot-cell experiments are planned using a modified labora-
tory flowsheet. A series of successive dissolutions in which the zirconium
heel is allowed to accumulate will be required to provide a better indication
of losses to be expected under production conditions.

The authors are pleased to acknowledge the experimental work done by
J. C. Rose, J. Beams, R. L. Boles;, G. E. Woodall, and J. F. Land. Analyses
were provided by the groups of C. Lamb, G. R. Wilson, and W. R. Laing of the
ORNL Analytical Chemistry Division.

2.0 EXPERIMENTAL PROCEDURE AND RESULTIS

The uranium and plutonium losses to the 6 M NH,F-1 M NH,NOz solutions,
while higher than found in laboratory experiments,l were acceptable, being
well under 0.2% in nearly all runs. Furthermore, the losses were essen-
tially the same as those obtained with unirradiated fuel specimens in
preliminary experiments in the hot-cell equipment (Sec. 2.2) showing that
irradiation had no messurable effect on the losses.

The uranium and plutonium losses to the 9 M HF solutions averaged
1.0 and 0.4%, respectively, in the two runs performed with irradiated

specimens. Laboratory expeaiments with unirradiated samples also showed
uranium losses of about 1%.

Neither burnup nor length of cantact time between the core and decladding
solution produced any systematic variation in the losses to the decladding
solution.

2.1 Procedure

A1l dissolutions of irradiated fuel specimens were performed in the
Carpenter 20 apparatus shown schematically in Fig. 1 and described in detail
in Sec. 3.0. Experimental procedures followed closely those outlined in the
laboratory workls»2 (Figs. 2 and 3) except that solutions were removed from

L0 P



UNCLASSIFIED
ORNL-LR-DWG 40180

Solution addition through cell wall
solution transfer /
—

WATER /

— VAC.

OFF GAS
SCRUBBER

ey

‘ FEED
: POT
c
solids collection
€ & solution sample OFF GAS
— = HOT DRAIN %
0
0
0 0
Insulated —To
Steam Coil 0
0
0 ol
W
[

Optional filter
( used in some cold runs)

—LL

—LL

OFF GAS

i

PRODUCT

TANKS 2

—LL
—LL

LUCITE
ol

VAC.

VAC.
POT

M;A/i

Fig. 4 . Schematic Diagram of PWR Dissolving Equipment.

v
HOT DRAIN



PWR BLANKET FUEL

Jacket: 6 kg Zr-2
Core: 18.5 kg UO»

QFF-GAS CORE DISSOLVENT
2634 moles NHx {OM HNO3
WASH SOLUTION 36.4 liters
005M AI(NO3z)3
39.5 liters
STEP T STEP IT STEP JTIL

FILTER AND WASH CORE DISSOLUTION

UNCLASSIFIED
ORNL-LR -DWG 30888-A

OFF - GAS

34.2 moles NO
34.2 moles NO,

JACKET DISSOLVENT

{10°C
3 hrs

l
|
DEJACKETING |
f
|
|
|

120°C
hrs

I
!
|
It
.
|
|
I

4

6M NH4F

1.0M NH4NOz

65.78 liters

«——— DILUTION
\J H20
WASTE SOLUTION !57.82liters

o2M Zr
\5M F- H20

DISSOLVER SOLUTION
A.3M U

005M NO3 6.4 liters
0.75 M NH *

0.003M Sn

0.0075M Al

0.02% U loss

261 .3 liters

> 3.0M HNO3

~0.05M F~
0.002 M Sn
OO0tM Zr
52.8 liters

TO SOLVENT EXTRACTION

Fig.2. Tentative Flowsheet for Dejacketing Zircaloy-2 Jacketed Fuels with Aqueous NH4F.

-n—



UNCLASSIFIED
ORNL-LR-DWG 24540

JACKET REMOVAL 9M HF CORE DISSOLUTION
8 M HNOz
s
|

PWR FUEL 2 hr ; 5 hr
7r-2 JACKET e DISSOLVER l—p 2.0M HNO3
UO, CORE ; 4-514 U 5
| ! A
U LOSS SOLVENT EXTRACTION

0.5% at F/Zr =45
041% at F/ Zr=49.0

Fig 3. Tentative Flowsheet for Zircaloy-2 Cladding Removal with HF.

F—Z
(@]
W




-6

the dissolver, by applylng the vacuum to a dip tube, to the Lucite vessel where .
solid-liquid separations were achieved by settling. Slurries and liquid samples

were removed from the bottom of the Lucite pot. In the laboratory work, all

solutions were clarified by filtration. The equipment needed for filtration was

also installed in the hot cell (right half of Fig. 1) but was used only in test

runs with unirradiated fuel. Liquid level indicators (labelled L.L. in Fig. 1)

were installed in all vessels. Decladding times were varied to determine if

extended exposure of the core to the decladding solution would result in signi-
ficantly higher uranium and plutonium losses.

After decladding, the dissolver was rinsed with three-100 ml portions of
cold water to remove the last traces of the decladding solution and to dissolve
solids such as (NHy)2ZrF., 1f formed. Ten molar nitric acid was then added and
the core was dlgestea foz The resulting solution was removed and the core
residue was digested for an additional hour in 10 M HNO,. This treatment was
followed by a boiling water wash and a final overnight gigestion with 6 M NH),F
to remove the zirconium end caps.

2.2 Runs with Unirradiated Fuel

Seven preliminary experiments with unirradiated fuel samples were per-
formed to test the apparatus. In the first six runs all solutions were
clarified by passage through a Teflon filter. The filter proved inoperable
because of solids formation and was removed after the sixth run. Several
hours were required to remove the decladding and subsequent wash solutions.
The Lucite settling vessel was used in all subsequent runs. Uranlum losses
in the first six runs were generally less than 0.1% and adequate removal
of the decladding solution was demonstrated (Table 1). In these runs, less
than 4% of the zirconium was found in the core solution. With no filter in
the system, an average of 23% of the zirconium was found in the core solu-
tion (run 7, Table 1; Table 3). This result is attributed to the slow
dissolution rate in cold water of (NHh)5ZrF which precipitated from the
decladding solutions. This precipitate”was also responsible for the in-
operability of the filter. The presence of (NH ) ZrF7 during core dissolu-
tion also leads to nitric acid-insoluble precipit tes such as ZrF), -H,0. The
problem of zirconium carry-over could have been avoided 1if analyt%c results

would have been available before the experiments with irradiated fuel were

begun.

Some of the runs were performed with PWR-type fuel elements which had
been autoclaved 1 month at 1200 psig steam pressure and 800 psig oxygen
pressure at 300°C. These runs indicated that the oxide coat produced on
the clad by the autoclave treatment would not seriously impede dissolution
in 6 M NH,F.

In the only experiment with unirradiated fuel where decladding was
achieved with 9 M HF, the uranium loss to the decladding solution was 3.h9.
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Table 1. Summary of Cold Demonstration Runs Using 6 M Ny F-l M NHE;I*%G

or 9 M HF to Declad PWR Blanket Puel >
Procedlre of Figs. 2 and 3 was followed

Decladding Solution Core Solution
Run No. % U % Zr % U % Zr MF
1 0.08 63.2 99.9 1.8 0.09
2% 3.4 99.8 96.6 0.2 0.1k
Wi ¥
3 1.3 99.7 98.7 0.3 0,20
4 0.03% 96.0 99.97 .0 0.75
5 0.4 96.9 99.6 3.1 0.17
6 0.9 9.3 99.1 3.7 0.25
7 0.03% 78.7 99.97 21.3 2.19

%
Cnly run using HF to declad

**
Includes & precipitate containing O.4% of the U and 1.9% of the
2r which wasg removed from the Pilter




2.3 Rugs with Irradiabted Fuel

With irrsdiated fuel, soluble uraniwm losses to the 6 M NHyF-1.0 M NH,NO
derladding solubions were generslly less than 0.2% and did not vary systema ga;ly
with decladding time or buwrnup {Table 2). In general, the losses were no higher
than those with unirradiated fusl. Detalled awvalyses of the waste decladding ,
solubions are lisbed under "Zr' in Table 3. The fuel specimens in run b-11 and
15-17 had been in contact with pressurized water (1800-2800 psig) at 500-600°C
during irradisibion. Decladding periods as short az 3 hr apparently provided
satisfactory decladding of these specimens {Table 3).

Three hours was allowed for the first digestion of the U0z core in 10 M HNO.
In this period, greater than 95% of the U0, dissolved (see row "U" in Table "3).
In the second, l-hr, digestion in 10 M HNOx, significant gquantities (0.1 to 10%)
of the uranium znd plutonium were recovers (row "URY, in Table 3). The boiling
water wash also removed more uranium and plutonium after the second core dissolu-
tion {WW in Table 3). Following the wabter wash, the dissoclver was cleansd aver-
night with refluxing & ¥ NNy F. Varying guantities of uranium and plutonium
{up to 0.65%) were slways found in the 6 M NWHLP solution (Zr B in Table 3).

Befors sampling, solutions were alloved %o stand 1 hy in the trensparant
Iuelte settling vessel. Any precipitates which settled fyrom the solution were
transferred to s small sampling bottle. Precipitates from the decladding solu-
tion were washsd with water and hot nitric gscid and the combined wash golutions
anglyzed for wraniuwm, plutoniwm, and zircopium {s in Table 3). The nitric
acld-insoluble materisls collected from the core solubion and the decladding
solution wers combined and analyzed for uwranium, plutonium, and zirconium
{Ppt in Table 3).

The presence of an average of 23% of the sirconium in the core solutiouns
after decladding in 6 M NEF-1 M NHyNO. (Table 3) showed that ammonium fluoro-
zirconate, (mﬂh) ZrRy, Prpvlpltatﬂﬂ fgom the decladding solubion and remained
in the disamlver, despite the water washes, until the core dissolution. Fluo-
ride analyses from runs 1, 2, and 3 showed 1.4, 1.5, and 1.4 M F, respectively,
in the core sclutions corresponding to Fer mole ratics between 5.5 and T.

A nitric acid-insoluvble precipitate was obbtained in the first nine runs
and in run 1T7. Rone was found in the two runs using 9 M HF {runs 10 agd 11)
suggeating thet the nitric acid-iusoluble precipitabe is related Lo the forma-
tion of ammonium fluorozirconate. Formstion of the nitris acld-insoluble
material can be prevented by thorough waker washing afier decladding, 1.e.;
camplete removal of (ﬁH ) ZrF prior o core dissclubtion. Therefore, no loss
of urenium and plutonlum o suuh as precipitate is expected in the process.

3.0 APPENDIX

3.1 Descripstion of Eguipment

The essentisl parbts of the equipment (Figs. 1 and 4) resemble closely
those described in the laborabory development work, except that Csyrpenter 20
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Fig. 4. Hot Cell Equipment.
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metal was used rather than Pyrex glassl or polyethylenea. Most of the equipment
was enclosed in transparent plastic to reduce the amount of contamination inside
the hot cell. A small exhaust fan (not visible in Fig. 4) connected to the off-
gas system, kept the air pressure inside the enclosure slightly below that in the
cell proper. Valve handles were extended so that the valves could be operated
outside of the plastic enclosure. All manipulations, including valve operation,
were performed with Argonne Model 8 manipulators. The dissolver, marked "DISS",
in the lower left corner of Fig. 4, was equipped with a valve with a 1" opening
to permit loading of PWR blanket fuel rods (approximately 10" long and 3/8" in
dismeter). The long lever was required on this valve handle to permit operation
with manipulators. The condenser, partly hidden above the dissolver, was connect-
ed to the off-gas system through a sodium hydroxide scrubber-trap. Solutions
were removed from the dissolver to the transparent, calibrated Lucite settling
vessel by applying a vacuum in the Lucite vessel. Analytical samples were re-
moved from the bottom of the Lucite vessel. Nitrogen gas, introduced through

a dip tube inside the Lucite vessel, was used to mix solutions and washes so

that homogeneous samples could be obtained. The remaining solutions were re-
moved. through the dip tube to the hot drain. Most of the equipment shown on

the right side of Fig. 4t is an alternative sampling system which was used only

in the runs with unirradiated fuel when solutions from the dissolver were filter-
ed. The precipitation of ammonium fluorozirconate prevented the use of filtration
in the runs with irradiated fuel specimens.

3.2 Fuel Description and Irradiation Data

The following data, compiled by J. W. Ullman of the Chemical Technology
Division Long Range Planning Group, shows the fuel specifications and expected
irradiation levels for the PWR blanket.
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FWR FUEL SPECIFICATIONS

NUCLEAR

Average Thermal Flux
Average Fast Plux

Specific Power {(at star:t)
Loading

Enrichment, % U-235
Irradiation Time {full power

Burnup {design conditions)

FIEMENT
Type
Unclad Dimensions
Dimensions with Clad
Ciad Thickness
Fuel
Clad Material

Bond

SUBASSEMBLY
Type
Number of Elements
Dimensions
Side Plabe Thickness
Subsssemblies per Core

kg/Subassenbly Before
Irradistion: U

Zr

Oxygen

Seed

6 1072
2 x 3.03'lIL
1390 kw/kg U-235
75 kg U=-235
93
250 days

40% U-235

Piate
2.05" x 0.039" x 70.75"
2.50" x 0.069" x 72.4"
0.0L5"
6.33% U-93.67% Zr
Zircaloy~-2

Metallurgical

Box
15
2.5" x 2.5" x 6
¢.125"
128

0.62
28

Blanket

b x 1007

1 x lolh
9.3 kw/kg U
12,990 kg U
Natural

750 days

8200 Mwd/T U

Rod
C.357" dia x 9.25 long
0.411" ais x 10.25"
0.027"
Uogfeé pellets, 0.137 kg U}
Zircaloy«2

He

Bundle
120
5.2" x 5.2" x 10.25"

o

191

16.3
6.0

2.12

1

1
1



ASSEMRLY
Humber of subassetbhliss
Casing Thickness

Over-all Dimensions

PWR FUEL SPECIFICATIONS

Seed
b

-

5.5" % 5.5" % 110"

Blankel
7
Q.2"

5,6" x G.6" x 110"

Active Section Length Gt 61
Active Section Before Irradiation,
kg(a
U 2.5 115
Zr 127 ha
Oxygen - 15
Sp Spacing Betwaen Subasssmblies G.5" None {0.235" thick
tube sheets)
8 and %_Material After Irradiation,
Kg'P)
U 1.69 ik
U-235 1.33 G.57
Pu - 0.268
Aszenblies Per Core 3& 113
SHIPMENT
Cooling Pime Before Shipwent 120 days 120 days
Preparation Reduce to 76.25" long Fone (e}

awithout end adsptors or dblanket casing
T 5
design condlitions

I .
bundles can bs removed from casging

&
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Table 2.

Urenium and Plutonium Losses to the 6 M NH) F-1 M NH,NO

Used to Declad Irradiated PWR-Blankef Fuel

or 9 M HF

% Recovered % Found
Losses to the from End- in the Irradistion Conditions
Decladding Decladding cap Inscluble Approximate Water

Run  Decladding Solution Period, Cleanup Precipitate, Burnup Pressure
No. Reagent  U,% Pu, % hr ] Pa ] P Mwd /T 7,°F peig

' ?. § Nn%g% 0.032  0.008 5 - - 0.01 0.00 80 110 12

2 " 0.172  0.231 6 0.23 0.02  0.00 £.00 80 110 12

3 " 0.526 0.090 7 0.1k - 0.00 0.18 80 110 12

b " 0.130  0.021 6 0.08 0.65 (.66 2.23 k0 500 =600 1800~-2200

5 i 0.248  0.039 6 0.08 0.06 0.01 0.02 THO 500-600 1800-2200

6 " 0.07Th  0.059 6 0.06 0.06 0.kl 0.53% 870 500600 1800-2200

7 " 0.099  0.084 10 0.1k 0.27 G.75 1.53 870 500-600 1800-2200

8 " 0.129  0.145 3 0.10 0.19  0.37 0.51 670 500-600 1800-2200

9 " 0.092 0.059 9 0.19  0.29 none 600 500-600 1800-2200
1 9MHF 1.270  0.510 3 0.17  0.02 K 540 500~600 18002200
11 a 0.828  0.260 3 0.20 .11 " 1100 500-600 1800-2200
e g i% gﬁag% 0.0k2 0,013 5 0.15 0.15 N 870 115 -8
13 . 0.110  0.060 10 0,11  0.12 " 9o 115 9rit8
1k " 0.088 0.0%8 10 0.09 0.05 " 670 115 9-48
15% ” 0.227  0.478 5 0.17  0.10 u 550 500-600 18002200
162 " 0.810 5.9 10 0.17  0.30 g 270 500-600 1800-2200
17® " 0.197  0.145 7 0.1  0.25 0.01L  0.04 1100 500600 1800~-2200

®Runs 15, 16, and 17 were performed with odd-size elements with lncomplete histories. The cladding
probably contained serious flaws.

L3
=
5




Table 3, Detailed Suwmary of Demonstration Runs Using 6 M N, F-1 M NH, NO
or 9 M HF to Declad Irradisted PWR Blenket Fuel

Percent of ‘I‘Qtalb

Contact
A Time, Run 1 2 % 3
Code Reagent hr o Zr Pu ¥ Zr Pu ] Zx Pu g Zxr Pu
4] 10 M BNO 3 98,1 226 89,2 92,9 E57 950 926 20.2 Q.b 0 97.5 229 733
W 10 M HNO 1 0,92 0.8  0.13 240 1.17 217 2.7% 540 3,65 1.05 1.06 10.8
W HEO 002 0009 - 0¢O§ 093‘:} s 052? 002? 563«1 0.20 {30:}.\5 - l2-9
Zr 6 M M, F-°
1 M NE WO,  3-10  0.03 7h.s 0.0 0,17 T71.0 0.23  0.53 66.3  0.09 .13 7i.Bb 0.02
Zr B & M NH,F”
1 M NENO,  ~10 - 1.6 - 0.25 0.0 0.02 0.1k 1.88 - 0.08 2.82 0.65
$ B0 0.2
5 M ENO, 0.5 0.9 0.3 10.6 k.01 2.09 2.3 366 1,15 kA7 0535 1.35  0.13
Ppt 0.01 .06 0.00 none 0.00 0.05 0.18 0.66 0.5% 2.2%
Material Balance 10L.8  67.7 -~ 10%.% 7.3 - 10h,7T 99.0 -« 79,3 116.0 -

e

a)

Code:

R EES

"
o)

[

Pub

$ P ¥ & 3

H

¥

lst core dissolubion
2nd core dlsgolubion

bolling water wash after core disselution

1s% ¢1iad dissolution

2od oled {and endoap) dlssolubion

precipitate which dissolved upon treatwent with waber followed by S M E}"{QB
precipitate which remained insoluble in waber or 5 M HNO

b} ALl muwbers given are pevcent of the respective elemsnt, bassd on the éum of 81l analyses.

9 M HP in runs 16 and 11

baged on 133 g U, 50 g Zr per PWR blagket element

Runs 15, 16, and 17 were performed with odd-size slsmenta obbeined from Westinghouse Atomlc Power
Division., All other rmuws were performed with the staundsrd PWR produckion element.

e}
a)
e}

: .
*

»4}?"[“




Table 3. Detailed Summary of Demonstration Runs Using 6 M NH, F-1 M I\IHI#I\IO3
or 9 M HF to Declad Irradiated PWR Blanket Fuel
Contact Percent of Tota.lb
a Time, Run 1 2 3 L
Code Reagent hr i3 Zr Pu i} Zr Pu U Zr Pu U Zr Pu
$) 10 M HNO5 3 98.1 22.6 89.2 92.9 25.7 95.0 92.6 20.2 9L.h 97.5 22.9 7T3.3
Uw 10 M HNO, 1 0.92 0.8 0.13 2.k0 1.17 2.17 2.7% 5.50 3.65 1.03 1.06 10.8
Ww Hao 002 0009 - 0005 0030 - 002‘7 002’( 5nll 0020 O.ls - 1209
Zr 6 E N-HL’.F-C
1M NHh_Noj 3«10 0.03 Th.5 0.01 0.17 Ti.0 0.23 0.53 66.3 0.09 0.13 Ti.h 0.02
Zr B 6 M NH) F~
1 M NfNO5  ~10 - 1.64 0.23 0.01 0.02 0.14 1.8 - 0.08 2.82 0.65
] H2O 0.2
5M HNo5 0.5 0.91 0.3 10.6 Lol 2.09 2.3 3.66 1.15 L.b7 0.55 1.35 0.13
Ppt 0.01 0.06 0.00 none 0.00 0.05 0.18 0.66 0.5% 2.23
Material Balance’ 101.8  67.7 103.5 T1.3 - 10k.7 99.0 - 79.3 116.0 -
a) Code: U - 1lst core dissolution
. UW - 2nd core dissolution
WW - boiling water wash after core dissolution
Zr - 1lst clad dissolution
ZrB - 2nd clad (and endcap) dissolution
- precipitate which dissolved upon treatment with water followed by 5 M HI\IO5
Ppt - precipitate which remained insoluble in water or 5 M HNO
b) All numbers given are percent of the respective element, based on " the gum of all snalyses.
c) 9 MHF in runs 16 and 11
d) based on 133 g U, 50 g Zr per PWR blanket element
e) Runs 15, 16, and 17 were performed with odd-size elements obtained from Westinghouse Atomic Power
Division. All other runs were performed with the standard PWR production element.
o | e
3 <
o = w o E.)ml""t'f g r™>» < =~ T W 3 w [~ =] LA - [nd Ly T3 T oW
v g8Fe  FRTERE BELBEREAEC rERRaL  BEBSGEAE
& 8 2 a2 gt £ 06 ogpo a8 IRt B O Hpd W
. Eae rp2 0@ BoH Do nn A )
¥ ' ggoas, Ens_ chBe
] FoopPER B8P FER
o 0B g F HFaz® 08X
g [T ¢ 1 ~ ct g w o

-1-('[—



I

(47!

Teble 3 (Continued)

Contact
Time, Run 5 6 7 8
Code Reagent hr uo 2r Pu U Zr Pu U Zr Pu U Zr Pu
U 10 M HNO, 3 9%.5 26,0 97.6 971.0 26.8 97.5 9.0 12.8 77.8 96.6 29.5 9.k
UW 1or_v11mo5 1 2,16 2.26 1.78 1.63 3.72 1l.72 L.37 4.38 19.0 2.05 3.12 2.21
WW H,0 0.2 0.2k - 0.k0 0.12 - 0.16 0.3 -~ 1.26 0.15 - 0.18
Zr 6M_NHL'_F—
1 M NgNO;  3-10  0.25 T70.7 0.04 0.07 68.3 0.06 0.1079.5 0.08 0.13 62.2 0.15
Zr B 6 M NH F-
1 M NfyNO;  ~10 0.08 0.28 0.06 0.06 0.1+ 0.06 0.14 1.70 0.27 0.10 3.83 0.19
S H,0 0.2
53/1_1&11\103 0.5 0.8 0.76 0.08 0.78 0.835 0.05 0.78 1.271 0.08 0.65 1.08 0.41
Ppt - 0.0L 0.01 0.02 o0.41 0.28 0.55 0.3 0.35 1.55 0.37 0.31L 0.51
Material Balances 110.8 100.0 - 114.2 118.5 - 101.4 82.1 - 105.7 110 -




Teble 3 (Continued)

Contact

Time, 9 10 1 12
Code Reagent hr U Zr Pu U Zr Pu U Zr Pu U Zr Pu
U 10 M HNO, 3 9%.2 21.3 95.9 97.1 17.2 97.7 96.1 2.7k 97.0 97.5 L47.9 96.9
uw 10 M HNO, 1 3.37 8.68 342 0.80 o0.70 0.97 1l.74 0.65 1.835 2.08 0.99 1.85
WW H,0 0.2  0.17 - 0.27 - - - - - - 0.19 -  O.hk
Zr 6 M NH) F-

1 M NNO;  3-10 0.09 65.7 0.06 1.27 8L.3 0.51 0.8% 95.1 0.26 0.0% 49.8 0.01

Zr B 6 M NH F-

1 IiNHuNO5 ~10 0.19 3.55 0.29 0.17 0.33 0.02 0.20 0.55 0.11 0.15 0.63 0.15

S HEO 0.2

5 M HNO 0.5 0.05 0.76 0.00 0.72 0.49 0.77 1.18 0.98 0.85 0.09 0.67 0.66

3

Ppt none none none none

Material Balances - 106.1 100.5 - 88.4 120.0 - 98.8 123.3 - 101.1 103.6 -
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Table 3. (Continued)

Contact

Time, 13 14 15 16 17
Code  Reagent hr U Zr Pu U Zr Pu U Zr Pu U Zr Pu U zr Pu
U 10 M HNO, 3 97.3 18.5 98.6 98.7 12.8 8k.5 98.7 6.19 98.7 98.3 k3.2 92.3 99.1 12.2 99.1
uw 10_155}11\103 1 1.91 1.44% 0.8: 0.56 0.55 14.9 o0.72 1.12 0.69 0.70 9.79 1.k6 o.hk2 2.95 0.49
WW H,0 0.2 0.1% - 0.2 0.08 - 0.10 - - - - - - - - -
Zr 61\_41\71{@- 3-10 0.11 78.3 0.06 0.09 81.5 0.06 0.23 89.0 0.48 0.81 38.7 5.96 0.20 78.0 0.15 L:'
Zr B %%N&ﬂ% ~10 0.11 1.0 o0.12 0.09 1.88 0.05 0.17 0.60 0.10 0.17 5.3 0.30 0.19 1.11 0.25
S + 3 05 0.47 0.73 0.15 0.5% 3.35 0.45 0.16 3.12 0.01L 0.08 - 0.03 0.12 5.06 0.00
Ppt None none none none none . 0,10 0.75 0.0k4
Material Balances %.1 105.2 - 98.2 84.8 - unknovn (&) unknown (©) unknown(®)
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