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In most commercial nuclear fuel,rebroceséing the spent U02-
PuO, fuel material is disso]?ed.froﬁ.the sheargd fuel bundle’
assembly with nitric acid. This process leaves the fragments of
Zircaloy, stainless étee], and Inconel fuel bundle hardware as an
undissolved residue. InAtotal weight theéhardware amounts to
about 250 kg per metric ton of U02. As recovered from the dis- -
solver the Hardware résidues ar; a high volume low density waste, ..
about 1.1 kg/liter. The dissolution process residues are highly .
activated and substantially contaminated with long-lived trans-
uranic elements. Without further processing fuel bhnd]e residues
coﬁstitute three—foufths of thé high Tevel TRU wastes requiring
perpetual storage.

Battelle's Pacific Northwest Laboratories have undertaken
for ERDA an evaluation of decontamiﬁation and melt densification
of the chop-leach fuel bundle residués to minimize waste storage.
_ Conceptually, melting of the high volume metal fragments to form
a mefa] ingot will reduce stprage.rgquirements by a factor Qf
six. Decontaminétion of the reSidués prior to me1ting to remove

TRU element contamination is under study to the purposé that the



treated metals will qualify for simpler, cheaper waste disposal
categories. |

OQur purpose in this presentation is to summarize our program
on fuel bundle hardware decontamination and densification and the
fesu]ts of our inquiry into the nature of the Wasté stream with
which we are dealing.

The Description of the Chop-Leach Fuel Bundle Residues

The head.end waste stream consists of 2- to 5-cm pieces of

fuel element cladding together with the end hardware and spacers, c{;.

The fuel cladding at the present time is Zircaloy. The end
hardware, spacers and control rod guide tubes can be Incoﬁel,
Zircaloy or stainless steel.

Re1ative mass calculations of the various alloys in BWR and

PWR fuel show 21% and 29% stainless .steel plus Inconel, respec-

tively. If the end hardware is excluded, this becomes 8% for the
'BWR and 19% for the PWR based on fue] designs for Brown's Ferry
and Diablo Canyo;e:;ﬁ; designs. A]] of these materials are
neutron irradiated. |

The principal activafion products remaining in the Zircaloy
after 5 and 100 years cooling, as calculated by ORIGEN code, are

60 55 125

Co, Fe, Sb, 63Ni, and ]ZsmTe. The total activity is 900

uCi/g Zr after 5 years and 18 uCi/g after 100 years. Zircaloy-2
gnd 4 usually confé]n tig?;*J}an1um Q»] ppm) which w111\traé&ute
to transuranic e]éments or fissién during the irradiation.

‘Calculations by ORIGEN code of the expected transuranic contami-

nation uniform]y‘dispefsed in the metal from 1 ppm natural uranium

contamination indicates the principal isotopes would be about

—



24]Pu and 2 nCi/g 244Cm in the Zircaloy after 5 years

85 nCi/g of
cob]ingf -The balance of the transuranics would be less than 3
'nCi/g total. A similar calculation of the transuranics generated
in thé Inconel and stainless steel parts could be made, however,
a realistic estimate 0f the uranium and thorium impurities in
these alloys has not yet been obtained. The zifconium c]adding ;___477
has been estimated to.contain 30 to 60% of the fission product
tritium. .

. LWR fuel elements might have a corrosion product layer up to
50 microns thick in locations of maximum corrosion. Impurfties
~circulating in the reactor (crud) aeposit on fuel surfaces and
can contain trapsuranies if the coolant is contaminated with
“uranium or plutonium from fuel ruptures.

The internal surface .of. the Zircaloy clad fuel develops an
oxide layer.of a few microns in thickness. The (U,Pu)O2 fuel
has been observed to adhere and perhaps react with this oxide
~1ayef.- .Estimates of residual (U,Pu)O2 associated with the fuel
cladding after leaching are usually stated as less than 0.1% of the
charge.

Fuel contamination of the hulls will take place dqrfng fhe
shearing. The shear blades undoubted]y become contaminated with
fuel oxides which will partly be.préssed into the surface_of the
“gheared c]adding and pdrt]y‘éméafed into the cut end. "To the
extent these fuel particles have been smeafed.oyer.by metal, they
will not be avai]ab]e'for surface removal. 4However, the irradi-

ated Zircaloy will be less ductile than unirradiated material and



any smearing will probably be very thin and easily accessible
after a light etch.

Actinide Distribution in Chop-Leach Fuel Hulls
] © Q/C’CMTL&ﬂ’)//l&f?‘C we 7?(6/ -740 frow HHa O

Cm-ﬁ&m,m.#.m U/o(,aA(/ w‘/{ 7'{\. A4_ //S‘~

rpnlnrac an jrrnmfn l{nnm]ndnn of

//i- é/»v%/m

o ~h+ on
CT T \.rvv‘l

ot
oY v

the g ] rans UldlrrL

conLaminaiion—e¥—%he—hn++;?&te++a+r— A sample for ané]ytica]
4determination of tﬁ%ﬁélﬁ§e£225 was obtained from a fuel rdd
(F-2[HQ]) exposed in Saxton Reactor about six yeérs ago. Fuel

' composition was 6.6% Pu0, in UO,. ‘A 0.6 cm piece of F-2[HQ]
cladding was 1ightly surface abraded to remove corrosion product
oxide and etched 30 seconds total in two n1tr1c hydrofluo
acid etch solutions. The decontaminated piece was moved to an .
uncontaminated area and etched 20 seconds more in two efches, and
" briefly leached in.concentrated nitric for,coﬁp]efe surface
decontaminatién. Less than 25 microns was'removed per surface in
the total treatment sequence. The sample was then dissolved in
etch solution in two'approximate1y equal steps. One sample
contained the disso]véd outef'and inner 0.014 cm surface layer
and the other sample the residual 0.028 cm center. Radiation
reédings with survey instruments after decontamination showed no
detectable a« and 200.mR y at contact. A second samp]é from the
same section of. fuel r;d cladding (not abraded) was treated in
0.4 M ahmonium oxalate - 0.16 M ammonium citrate -. 0.1 M ammoniuh
fluoride - 0.3 M hydrogen peroxide solution at 90°C for two hours
and subsequently treated agafn under thé same conditions with

fresh solution for an additiohél two hours. TheAresidual 1.1 cm
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piece of c]adéing was dissolved in 6 M HNO3 - 1.7 M HF solution.
An adjacent 0.43 cm piece of cladding which had been abraded and
etched clean was\dissolved to use as a correctien for the pre-

viously dissolved\piece with surface contamination. The results

. WHENE N THE

of these analytical\ determinations are shown in Table I.T247 s g,g 1 .
AccakppntinGg WAL

Several small pieces of highly irradiated fuel exposed in a 5?:¥t>

typical PWR were 1ea;>ed in a fuel dissolving Qperat1on (20 hours ’
in nitric acid initial opncentration 8 M) fo]]oWed by 4 ﬁours in

8 M HNO3 at 99°C and by a water rinse. The cladding was‘further .
leached in a 8= > 0% at 95°C for a totaT;of 12 éif%

hours 1in five fresh 30 ml aliquots of solution. The extent of

total alpha activity removal by the spec1a1 1each1ng procedure is

shown in IléJLe 1. This alpha act1v1ty is presumably fuel that

has been incorporated with the zirconium dioxide corrosion pro-
ducf layer sucﬁ that it is insoluble in nitric acid. The pres-
ence of fluoride in the leaching 1iduor causes it to dissolve a
small quantify of Zr02 and promote the dissolution of trapped
actinides.

The leached cladding was mechanically stripped of surface
oxide at one end and a 0.67 cm piece of metal cut off. This
piece was etched to remove surface contaﬁination and then dis-
solved for analysis. A similar 0.96 cm piece from the other end
" was dissolved withoht treatment. A.comparison of analyses normal-
ized to internal surface area.gives information on'surface activity,
activity in ZrO2 layer and finally in baseAmeta]; The;e data
show that 56% of total alpha activity was removed by leaching,

44% is in surface oxide and less than 0.02% is in. base metal’

Tehl
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An examination of the three potential decontamination methods,
aqueous, molten salts, and melt fluxing processes showed the
heed for substantial development to achieve the desired objectives
of h{gh decontamination factor and minimization of the total
waste stream. Review of the three processes from the standpoint
of weste stream minimjzation and ease of operafion shows that the
major problem is removing the zirconium dioxide corrosion product

layer.

Aqueous Decontamination Prdcessee - It appears that a modified
aqueous process, followed by meTting; has the best promise of
meeting the decontaminatidn objectives. Treatment of zirconium
dioxide corroeion films in HF gas at 550?C to 620°C produces

films that are removable in dilute aqueous reagents. Metallography
of samples of oxidized and unoxidized Zirceloy after HF treatment
has shown that ‘HF reacts with-meta] through fiim imperfections.

The oxide 1is eubseduently undercut and removed by the aqueous
process. Metallography of a samp]e shohing this laterally pro- :ae

. . p— FIG-'LV
gressing reaction under the oxide is shown in Figure 2.7 Studies #éaF

of HF and Zircaloy reactions show an increasing rate with declining
temperature in the 650°C ‘to 500°C range (Figure 3). The fact that ;Tg_ii
there is minimal feaction of oxidized zirconium with HF at 500°C
shows that the 550° C to 600° C temperature is apparently needed to
~produce film 1ﬁa£££g§;;3n. HF can attack the metal through pores
or cracks and spread laterally to push the oxide layer off the
metal.

F]uor1de conta1n1ng gases such as boron tr1f1uor1de, carbon-

tetraf1u0r1dey hexaf]uoroethane, d1f1u0r0d1ch]oromethane are
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T;;;Z\\l. ~Gross Alpha Count of Fuel Clad Samples
*
r 5 Leac cm2
Residual Dissolutign .47 D/M/ cm®

Base Metal After

Surface Cleapi 4.2 103 D/M/cm®

It is assum most alpha activity comes he
internal <surface of the fuel clad and thus the
val are stated per cm~ of the fuel clad inner
surface.

Examination of Table I will show that a substantial fraétion
of thé residual TRU elements can'be Teathed from the cladding
surface. The isbtopic analyses of the natural uranium in the
base metal is consi;tent with the fuel burnup. No diffuéion of
TRU elements .into-the cladding base metal is observab]ef‘ The low
original uranium contamindtion of the high exposure PWR base

233

metal at 0.3 ppm and very low thorium contamination (see low u)

resulted in more than 10 nCi/g of TRU elements even if one converts

the 24]Pu to 2 Am

The Decontamination Process

The chop-leach fuel hardware residue waste stream is contami-
nated by undissolved fuel particles, fuel-zirconium dioxide
corrosion product layer interaction products, and irradiated-
uranium and thorium impurities in thg‘ofigina1.mgta1. Based on
~ 0.1% of the ofigina] fuel: as cdhfamination onlthe hull waste
stream, overall decontamination.factors-for the transuranium

4 5

-elements of 10 to.TO will be necessary to reduce transuranic

element contamination below 10 nCi/g;
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alternative f]uoridfzing agents. They are of especial interest
because they do th produce water as a reaction product. The
reaction of zirconium with water is an undesirable side reaction.
Tests with CF4 showed it to be nearly inert to Zircaloy and Zr02
at 550°C to 650°C. Boron trifluoride reacted with Zircaloy, but
not as uniformly at HF. Dithorodif]uoromethéne produced severe
reaction with the metal which Qas not limited to a surface coating.
C2F6 has not been testgd yet. Mixtures of HF and 8?3-were similar
in effect to HF alone. ' |

The performance of the aqueous decontaminating solution was
evaluated as a function of its constituent'concentfqtions. No
significant improvements were found over the original formulation
of 0.4 M ammonium oxalate, 0.16 M ammonium citrate, Oll M ammonium
fluoride and 0.3 M hydrogen peroxide adjusted to pH 5 at 90°C to
95°C: ‘ |

A.small-section of the Saxton fuel cladding was treated at
600°C in HF for 30 minutes followed by 1.2 hours in an ammonium
oka]ate, citrate, fluoride, peroxide solution, at 85°C to produce -
effective decontamination and film removal. /finalyses of tﬁe
stripping solution and the residual metal has verifiéd that 99.7%
of the o activity was removed by the HF-aqueous déconpaminant
treatment. The residual 0.3% of « activity compared with the 7
.nCi/g found previousiy'fbr the base metal jndicétes the procesS
achieved‘as'mUéh'decontamination as. possible by surface'remov$f
aione. A

In a séébnd experihent a 2.5 cm piece of high exposure PWR

Zircaloy fuel cladding was stripped chemically to simulate the



results of the decontaminating procéss.' The piece was weighed,
then treated in a slow flow of argon and HF (about 50% HF) at

595°C to 625°C for 45 minutes. The treated piece was immerséd in

a 0.4 M ammonium oxalate - 0.16 M ammonium citrate - 0.1 M ammonium
fluoride - 0.3 M hydrogen peroxide solution for 45 minutes at

90°C to 95°C. This process removed all of the visual oxide from
the surface exéept for two (< 1 mm dia.) spots. An additional 45
minute treatment did not imbrove its visual appearahce. Weight

loss from the combined treatments corresponded to 3.2 g/dm2 or
4

0.05 mm. The decontamination factor was greater than 10" with a
-substantiaI portion of the resfdua] alpha activity in the-base
metal originating from irradiatibn of impurity uranium which is
not available to surfa;e decontamination. The residual alpha

count in the base metal after surface decontamination was 21 nCi/g.

Molten Salt Decontamination Process - The corrosion of plain and

oxidized Zircaloy-2 was tested in a molten.salt bath of 37 mole
percent NaF, 37 mole percent‘LiF, 26 mole percent ZrF, at 704°C.
The effect of hafnium contamination (~ 3%) of the zirconium
fluoride, time, hydrogen f]uoridé sparge, and surface oxide on
the Zircaloy were examined. It was found that the corrosion rate
was nearly parabolic without the HF spafge and was relatively
unaffected by an oxidized surface layer (& 83 mg/dmz/wt gain from
. autoclaving). Sparging with HF increases the corfosion rate
'substantially and produces ‘nearly [;%Eér dissolution kinetics.
The presence of Hafniﬁm impurity in ZrF4_caused or two- to three-
fold increase in corrosion rate. {gé salt adhering to the removed

specimen was nearly proportional to the Zr corrosion.



MELT DENSIFICATION

Melts in Induction Heated Graphite Crucibles - Consolidation of

Zircaloy cladding hulls ¥y me]tajg—with the stainless steel —_—
hardware in the fuel bundle could result in a single storable
ingot having %ﬁinimum volume. By combining stainless steel with -~ ——
Zirca]oy,'low melting eutectic mixtures are forméd which can lead
to simplified melting processes. 4

Mé]ting and cooling curves‘wére determined for aT]qys of 10,
15, and 20% stainless steel'in Zirca]oy-z iﬁ gfaphite crucibles
"heated by a resistance furnace. 'The.quective of these experiF
‘ments was to determine melting temperatures, “the extent of crucible
reactions, and the ingot quality.

Compositions in the range of 15 to 20% stainless steel can
. e
be melted and poured’}p/brgphite at a temperature of 1300°C. —
Greater crucible wear ahd'carbqp pickup will occur in the 20%
stéin]éss steel Eange. Températures for melting in the 10%
stainless steel range will be over 1400°C. The iﬁportance of
oxygen contamination of the 15 to 20% mefts was established in the
Ffirst two runs where incompletc mclting occurred even at 1400°C.

Of the chemical analyses on the melt stock and five of the
six graphite me]tea heats the. most significant are the carbon,
hydrogen, oxygen hnd‘nitrdgen va]ués. A 250 ppm éarbon level was
the result of.a hi§h~pouripg temperature (1415°C);; The me]fing
of pure zirconium in graphite at temperatures of 1820°C to 1920°C
will result in carbon contents as high as'3000'pbm.' Hydrogeh
and oxygen showed little or no increase after melting. Nitrogen.

was sTightly raised.



Inductoslag Melting Process - A demonstration of zirconium alloy

cladding hull melting by the Inductoslag process was conducted at
the U.S. Bureau of Mines, Aibany;‘Oregon. The feed material for
this melt was reject Zircaloy-4 fuel clad tubing cﬁopped into one
inch pieces and etched by the ammonihm oxalate, citréte, fluoride,
_peroxide béth similar to that used in the decontémination process.
The Inductoslag melting process uses an inducfion heated, split,
‘water cooled copper crucible, as described by Clites and Beal.
Mé]tiné takes place in a static, one-third atmospheric pressure
helium. A pool of Zirca]by—4 and Can is melted on a “statting
stub" <and éﬁarge materia]s—&nﬁ)Cankéircaioy tube sectionijC:bré-
.torily fed into the top of the crucible as the ingot is bexkg
'extracted'eu%-the'bottom of the crucible. Approximately 41 kg

(90 pounds) of 51mu1ated chop- leached cladding residues were

melted into an ingot 10 cm Q&:tmeb% diameter by ~ 75 cm (G@—#weh+~

Wer
long. Oxygen ]eye]s increased 36 to 430 ppm, but ua& still

within specification. These increases may have been due to a

furnace leak in the hopper stirring shaft séai.. Fluorine increased

9 to 19<ppq.awd he increaée (if any) in calcium was below the
analytical sensitivity. Iron was below specification in the melt
stock and remelting Seems to.have lTowered it-further. Silicon was
.also.low. ‘HérdneSs.vaiues were all within specification. Two
-billets from this ingot have béen extrﬁded into a;rod 3.6 cm
diamter by 97 cm long andAa tube 3.8 ﬁm 0D by 2.5 cm ID byj198 cm
long. The extruded 3.8 cm OD by 2.5 cm ID tube blank Qas redﬁced
by a commercial c]adding tube manufacturer to a finished size of

11.18 mm 0D by@mm wall. -

/
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Samples of the etched recycled Zircaloy tubing were tested
in a standard 400°C - 1500 psi éutoc]ave test for 72 hours. The
four samples gained weight between 16.2 and 17.2~Ea/dm2 é+675—mgfﬂng
avepaged which is a normal wéight gain. All surfaces were black |
and lustrous. | |

A 14 kg heat of Zircaloy-4 10 wt% 304 stainless steel - 5 wtg
Inconel 718 was made by the Inductoslag process. Chafge material
_ consisted of chopped 2.5 cm long Zircaloy fuel c]addfng; 304L
stainless steel rod secfions; and 2.5 cm squares of 0.05 cm
Inconel 718 sheet. Injtial mg]ting was attempted using the CaF2
slag. For this low melting alloy an eutectic mixtUré of 48 wt%

CaF2 - 52 wt% Mng (MP n ]OOQ°C) was used successfully. Approxi-
mately seven hours of melting time'wés required to melt the 14 kg
ingot. This wés due to the long time required for the feed material
to dissolve in thé low temperature 1idhid. Increased power to

the pool resulted in a larger pool volume with no apparent increase
in pool temperature. The resulting crack-free ingot consisted of

5 to 10 wt% ofiunme1ted Zirca]oy; stainless steel, and Inconel
"potted" in a matrix of solidified eutectic mixtures. Ingot
hardness varied from 255 to 364 BHN. " Surface finish and ingot
soundness’are adequate for direct storage.

A 34 kg heat (Number 460) consisting of three sections, (a)
%‘approximateiy-7 kg of alloy QF3 (308 -stainless steel castjhg
‘grade), (b) 14 kg of a 2 to 1 by weight mixture of CF3 and Inconel

718, and‘(c)‘14 kg of pure Inconel 718 has been melted by the
U.S. Bureau of Mines Inductbs]ag pfocess. The pure CF3 (casting

Grade 304) and the Inconel 718 are acceptable for storage or



refabrication. The 67 wt% CF3 - 33 wt% Inconel 718 material is
suitable for storage. .
Our densification studies have emphasized melting of decontami-
nated (descaled) fuel hulls potentially suitable for non-TRU

waste storage or for reuse in the case of a segrégated Zircaloy

D

product.

/%Z1ting of unc]eéned undescaled fuel
hardware waste for the purpose of volume reduction a1oﬁe méy be

an acceptable apprbacﬁ. HighTy oxidized Zircaloy-4 wés-prepared
and melted by the Inductoslag process to determine the ability of
the procesé to densify uncleaned hu]is. For charge materia1 Zircaloy-

4 clad tubing.was gg:oiidized in four batches to the extent of —_
2900, 3500, 3700 and 7700-ppm. Subsequent chopping into 2.5 cm

long pieces revealed the somewhat britt]e.naturé of the materié].

Each batch was melted separately one on top of the.other to

produce a sfng]e 10 cm diameter fhgot about 80 cm 16ng. ‘Melting

Wwer

characteristics nearly identical to those of clean —

hulls. The results of this experiment indicate that the Inductoslag

e s A et e

process cij/Tilzjﬁiihgyt difficd??}]high]y oxidized Zircaloy _—
cladding&E o

"Tritium Absorption and Storage in Zirconium Alloy Ingots - The

melting of fuel hardware into ingots will release absorbed hydrogen

and tritfum. The approximately 100 ppm of hydrogen evo}ved cod— Cem —
mbe-reébsorbed into another iﬁgot. The absorption rate And'eqﬁi1i-
brium pressure of hydrogen over Zirca]oy'and Zr(?e,'Ni, Cﬂ alloy —
ingots were studied at represehtative gas pressures and concen-‘
tration. The absorption temperature was fixed high enough (700?C)

that zirconium would dissolve its own oxides and nitrides which would



otherwise impede absorption. A large temperature gradieﬁt over
the length of the absorption specimen increases the capacity of
the ingot for hydrogen while keeping equilibrium gas pressure
down. Absorption rates for Zircaloy-2 and 85% Zircaloy-2 - 10%
Type 304 stainless steel - 5% Inconel 718 with grit blasted
surfaces were compared. In general the equi]ib}ium pressures
were controlled by the zirconium concgntrafion. The r&te of
absorption favored the Zirca]oy-zl ‘The hydriding of fhe zirconium
alloy a]ways resulted in faster subsequent absorption rates even
though the hydfogen was removed. before the secpndvabsorption.
'This suggests the development of pfeferred path for absorption
and diffusion. Both the alloy and.Zircaloy—Z absorb hydrogen
rapidly enough to be useful for storage of the hydrogen removed
from the densified hulls. |

Pre11m1nary Conclusions

While the decontamlnatlon and melt dens1f1cat1on studies
have not yet progressed to hot ce]] demonstration with k1logram\*
quantities of. fuel fesidués; some initial conc]usiﬁns are in
order.

1) Uranium impurities -at the level of 1 ppm or greater in the
metal matrix 1eadi to transuranié element concentrétion in
drradiated fuei hardware in excess of’fO nanocuries/gram. In
the United States this‘1eve1 of TRU defines a‘special category
of waste sfdrage. Compos1t;2n spei1ﬁ2cavl9ns for uran1um

impurities in zirconium alloys should be reduced from 3.5

ppm to 0.3 ppm or less.



2)

3)

4)

5)

6)

A promising aqueous decontamination method for zirconium
alloy cladding sections has been developed in which oxidized
surfaces are conditioned with HF prior to immersion in a
solution of ammonium oxa]Cke, ammonium citéi}e, ammonium
fluoride, and hydrogen peroxide.
Feasibility of molten salt decontamination of oxidized
Zir;a]oy has been demonstrated, but problems in salt dragout
and éxcessive metal loss seem currently to favof u§e of the
S Thiys a5 eniy hilateyd ot i
aqueous process described above. body o f Tepert .
A low melting alloy of Zircaloy, stainless steel and .Inconel
corresponding to the occurrence of'thesé alloys in current
fuel designs was predicted and demonstrated. Satisfactory
melting of this alloy has been achieved in induction heated.
graphite crucibles.
Segregated Zirca}oy cladding Secfions have been directly
melted by the Inductos]ag brdcess to yield a metal ingot
suitable for storage.. If the Zircaloy fuel stock is desca]ed
pfior to melting a high quality ingot is produced suitable
for refabhricatian.
Both Zircaloy and Zircaloy-stainless steel-Inconel alloys
are highly satisfactory getters and sinks for recovered

tritium.

FFUTURE DIRECTIONS OF THE PROGRAM

The PNL program 9s directed to hot cell demonstration at the

ki]ogram level of the sources so far demonstrated cold or with

very small samples. in support of hot_ce]f demonstration, studies



are currently underway to define secondary waste streams and
A ‘ Wil & s
methods for recovery .and reuse or volume reduction of the—fraterial.
The recovery of fuel hardware in metallic form raises possi-
bilities of reuse in applications where low level residual activity
and minimum fabrication processing are acceptable. We will
review fuel bundle disassembly prior to chop-]eéch as a nmethod to
reduce metal volumes charged to the disso]vef and a meﬁhod-of
upgrading the recovgred.product, e.g., high puritvaifcaloy.
The economic feasibility of fuel‘hardware treatment needs
analysis. It is our plan to compare costs of melt denéifi;atioh

with and without decontamination with alternate residue processing

and with direc?}perpetua] storage of untreated residues.
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