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HOT EXPERIMENTAL REFERENCE FLOWSHEET

Because of our very extensive documentation of our previous conceptual

design of the Hot Experimental Facility (HEF) this paper is a useful set of

background information on flowsheets, although many changes have been made

in the past three years.

The HEF reference flowsheet is a modified high-acid PUREX flowsheet

capable of operating in the coprocessing mode or with full partitioning of

U and Pu. Adequate decontamination factors are provided to purify high-

burnup, fast breeder-reactor fuels to levels required for recycle back to a

fuel fabrication facility. Product streams are mixed U-Pu oxide and

uranium oxide. No contaminated liquid wastes are intentionally discharged

to the environment. All wastes are solidified and packaged for appropriate

disposal. Acid and water are recovered for internal recycle. Excess water

is treated and discharged from the plant stack. The process is described
*

in detail in a conceptual design report. The process is outlined in

Figure 1. Several changes have been made in our reference flowsheet since

that time. These will be noted briefly here and addressed more fully in a

companion paper by W. S. Groenier.

Fuel is received in casks containing sodium-contaminated fuel

assemblies. Fuel assemblies are treated for removal of sodium and are non-

destructively assayed for fissile content prior to storage in a water-cooled

*
Conceptual Design Report Hot Experimental Facility, ORNL/CFRP-81/4, June

1981.
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fuel pool. Fuel is received with a minimum cooling time of 60 days and Is

reprocessed with a minimum cooling time of 90 days. We now use 180 days.

The lower nozzle and most of the shroud is removed from the fuel

assembly in the disassembly machine using a laser for cutting (a plasma arc

is an alternative for nozzle removal). The fuel assembly is then inserted

into the shear for chopping into 1 to 3-in.-long segments. Chopping is

continued up into the gas plenum a short distance to assure that all the

fuel has been sent to process. The nozzle and the attached gas plenums are

removed from the shear and sent to metal waste disposal along with the

lower nozzle and leached hulls.

Chopped fuel from the shear enters the voloxidizer where it is heated

to 650°C in the presence of oxygen. The U0_ is oxidized to U,0g with a

change of crystal habit that promotes release of substantially all of the

contained tritium. Some iodine and krypton are also released in voloxida-

tion. These fission products are recovered in off-gas treatment equipment

described below. We have since abandoned voloxidation.

Fuel is cooled in the discharge end of the voloxidizer and discharged

through isolation valves to a continuous rotary dissolver. The continuous

rotary dissolver is a cylinder about 30 in. in diameter and about 9-ft long

which rotates about its axis inside a steam chest. The cylinder is

segmented into sections by baffles which are pierced around the periphery

by liquid transfer slots to permit acid to flow through the drum from the

back end toward the feed end, thus dissolving fuel in a countercurrent flow

of acid. The baffles have transfer ports in the center which are matched

to transfer chutes in such a way that when the drum is rotated in the

forward direction fuel and hull pieces are retained in a section of the

drum. Periodically the drum is stopped and rotated one turn in the reverse



direction. The transfer chutes then pick up the fuel and hulls and

transfer them to the next section toward the back of the dissolver. Rinse

acid enters the drum in the last stage to rinse the hulls which are then

discharged from the machine. Hulls are assayed for fissile material, and

if within specification, they are sent to metallic waste for disposal.

A continuous stream of dissolver solution leaves the feed end of the

dissolver and is collected in one of two digester tanks. The solution is

heated and sparged with NO- to volatilize iodine overhead to the off-gas

treatment equipment. Up to six hours digest time is provided to assure

that substantially all the PuO~ is dissolved.

Dissolver solution is periodically jetted from the digesters through a

feed clarifier to a catch tank and the accountability tank. The feed

clarifier will, in all likelihood, be a centrifuge, although filters and

sedimentation devices have been considered for this purpose. Dissolver

solids, primarily consisting of fission-product noble metals with some

undissolved PuO?J will be assayed for fissile material. If within specifi-

cation, the solids will be sent to high-level waste (HLW); if not within

specification, the solids will go to the secondary dissolver for

dissolution in concentrated nitric acid with perhaps a small amount of HF.

The solution is sampled and measured in the accountability tank to

determine the fissile input to the process.

The solution is then jetted to the feed adjustment tank where the acid

molarity and heavy-metal concentration are brought to the desired levels of

about 3 M nitric acid and 150 g/1 for solvent extraction.

The solvent extraction system is divided into various cycles to

provide decontamination and partial partition of U and Pu. We are in the



process of re-examining this and will probably adopt a full U-Pu separation

flowsheet.

The first cycle (codecontamination) separates the majority of the

fission products from the U and Pu. Due to the high burnup of fast-reactor

fuels, there is concern for radiolysis of the 30% TBP solvent with result-

ing degraded decontamination. The first contactor (HA) is a centrifugal

contactor to provide short residence time and reduced radiation exposure to

the solvent. Later contactors, after removal of most of the fission

products, can allow longer residence times and these are pulsed columns

throughout the balance of the process.

The organic is scrubbed and the heavy metals are back-extracted

+4(stripped) to an aqueous stream. The plutonium is reduced from Pu to

Pu in a safe geometry reduction vessel using hydroxylamine with hydrazine

as a holding reductant. The reduced solution is then extracted in the 1A

partition column. By proper adjustment of acidity and organic to aqueous

ratio, a portion of the uranium is forced to leave the bottom of the column

with the reduced plutonium, thus providing coprocessing of U and Pu for

safeguards purposes. The U/Pu ratio is later adjusted to the desired 75/25

ratio by the addition of uranium.

The reduced Pu+ is reoxidized to Pu+ by an N02 sparge and the

coprocessed stream is further purified in two additional solvent extraction

cycles.

Excess uranium from the 1A column is scrubbed and stripped and is

given further purification in one additional solvent extraction cycle.

The coprocessed U and Pu are converted to a mixed oxide using, as the

reference process, precipitation by hydrogen peroxide followed by

centrifugation, drying, and hydrogen reduction to a homogenous mixture of



U02 and PuCL. Other processes for production of mixed oxide are under

development.

Excess uranium is calcined to UO, and stored for future use.

The raffinates from the HA contactor are evaporated for recovery of

acid and water which are recycled to the process. The concentrated high-

level liquid waste (HLLW) is stored in process vessels within the cells for

up to two years prior to vitrification to borosilicate glass. The two-year

cooling of HLLW permits disposal of vitrified HLW in a 12-in.-diam.

canister. Without the additional cooling, either the diameter of the

canister would have to be reduced, or the fission product content of the

glass would be lessened to meet product requirements. The HLW canisters

are then stored in a water-cooled waste pool for up to the maximum 10 years

of age after which the heat release rate will meet the repository

requirement of 5 kW/canister.

Off-gas from the shear, voloxidizer, and the dissolver is extensively

treated for removal of fission products prior to release from the plant

stack. The fission products of major concern are krypton, tritium,

carbon-14, and iodine accompanied by modest amounts of ruthenium and

cesium.

Off-gas from the shear and the voloxidizer are combined and passed

over a catalyst bed to oxidize any elemental tritium to HTO. The stream is

then sent to one of tv ,• drier beds for recovery of tritium as dilute HTO.

The tritiated water is later reacted with MgO to form a stable solid

Mg(OH) which is dried and packaged for disposal.

Off-gas from the dissolver is scrubbed with cold dilute, nitric acid

for NO recovery. The nitric acid is steam stripped to send iodine

overhead for retention. The nitric acid is recycled to the dissolver.



Dissolver off-gas is then combined with the shear-voloxidizer off-gas

and sent through a ruthenium trap to the lodox column where it is scrubbed

with 22 M nitric acid. Iodine is absorbed and oxidized to HIO,. The

iodate solution is periodically evaporated to dryness to form a stable

solid HI 0 g which is packaged for disposal.

Off-gas from the Iodox column is scrubbed with a water stream to

recover volatile nitric acid after which it is sent to a silver zeolite bed

for additional recovery of iodine. The very high DF for iodine prov'ded by

the two absorbers is required for processing 90-day cooled fast-reactor

fuel. With today's 180-day cooling criteria, we are re-examining the

iodine retention systems.

The dissolver off-gas is then sent to the selective absorption system

for recovery of krypton along with xenon and carbon-14. The selective

absorption system scrubs the off-gas with a cold stream of

dichlorodifluoro- methane (R-12) under a pressure of about 10 atmospheres.

Krypton, xenon, and carbon dioxide (C-14) are much more soluble in R-12

than oxygen and nitrogen and are collected in the liquid stream. The

soluble gases are later stripped from the liquid and stored in cylinders

for disposal. Carbon dioxide can be absorbed in a bed of BP^OW) ?' 8H?0 to

form the stable solid BaCO, which is packaged and sent to disposal.

The off-gas from the krypton retention system is combined with the

vessel off-gas which has also been treated for recovery of volatile

species, and the combined stream is filtered through at least two stages of

HEPA filters and then discharged to the plant stack.


